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PREFACE

Virus research encompasses many aspects of the virus-host relationship.
One may consider important contributions frem viral replication and production
of progeny, the influences on host cell physiclogy and metabolism, the structural
composition of virs] particles, genetic control mechanisms and nutritionel require-
ments of both the host cell and replicating virus particle. It is the purpose
of this paper to introduce & laboratory menus) with experiments in the areas
of cell culture, bacterisl and animal viroclogy and to eveluate its use in under-
graduate gtudent virology laboratories.

The basic form of this manusl c'onsists of an introduction of the early
studies using the techniques of the particular experiment, a description of the
method employed, and more recent modifications and applications of the experi-
menta] technique to other areas. In addition, illustrations in the form of
photographs, data charts, and graphs have been included to ellow students to
become familiar with experimenta]l observations and results and to provide some
criteria with vhich the student can eveluate his own findings.

Many of the experimentel studies presented emphasize basic concepts in phage
virology which have been established and clearly defined by early workers. These
involve different aspects of the virus-host interaction from infection and adsorp-
tion, serum neutralization, virs]l growth and host cell metabolism t0 virasl inte-
gration and genetic control. Studies were &l30 extended to determining and
comparing the effects of varying experimentel conditions on the course of these
different reactions.

At present, increasing importance and developments have been projected into

the area of animal cell culture and virology. Many of the animal viruses are




associated intimately with disease and the biologicel welfare of man and animals.
The significance of these studies lies in the fact thet both in vitro and in
yivo systems exist and can be applied fo investigation of these viruses. Most
students have only been given descriptions of cell culture studies, but have
little experience in handling such work in practice, e.g., preparation of an
avian cell culture and its use for animal virus titrations. Such procedures
have been presented to allow the students to become familiar with the principles
and manipulations of animal cell work. DMNMost cell cultures require rich serum-

containing media and & 0, atmosphere. The introduction of serum-free media

2
studies have intitated the pPossibility that these may prove as satisfactory
substitutes for serur~containing media in student lab cultures and eventually
eliminate yse of complex media and special 602 incubator in routine cell

growth and maintenance.

The in vivo animal studies demonstrate viral infectivity in a natural system.
The study presented here of the Sindbis-mouse system enables students to observe
the age-dependent resistance phenomenon in nevwborn and young adult mice. Such
ahimal projects prove veluable, but limited as a routine lab exercise. Much
preparation and time are necessarily required as well as continual supervision
in procedures and methods.

The materigsls presented here have been subject to personal experimentation
and eveluation as well as to student investigations. Most of the phage experi-
ments have been employed successfully for several semesters. The cell culture
and snima] studies are recommended for smaeller supervised groups of students.

It is hoped that this manuel will enable students to acquire laborsatory

experience and technicel skills and to spply these to the understanding of some

of the basic principles in phage, tissue culture snd enimal virology.
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PHAGE ASSAY

Although several different methods have been devised for the
determination or assay of the relative number of bacterial viruses in
a specific sample, the most convenient and satisfactory method is the
use of the plaque count technique which determines the number of plaque-
forming units (PFU) or infectious units. A small number of phage particles
and a large number of sensitive bacteria are mixed and sSpread on the
surface of an agar plate. It is essential that the bacteria are in
great excess of the phage particles in this technique. During incuba-
tion, the infectious phage particles initiate & bacteriolytic cycle
at the eXpense of the neighboring cells. After several hours, the bacteria
have grown into a dense film or lawn except in those areas where multi-
plying phage particles have lysed the becteria, yielding more or less
clear circular holes or plaqueg which are easily detected in the uniform
bacterial lawn of growth. The plaques are, in effect, virus colonies.
As with bacterial plate counts, it is assumed that each plaque originated
from one infectious phage particle. The plaques may be counted, and
the original titer of the suspension of infectious phage particles
mey then be calculated by multiplying the number of plaques by the dilution
factors.

If the approximate titer of & virus suspension is not known,
several different dilutions of the phage suspension must be prepared
and plated to be certain that one of the plated dilutions will contain &

reasonable number of plaques. If too many plaques are pPresent, many of

' 3
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them will overlap, and the count will be unreliable. Since different
phages form plaques of different size, no general rule can be given for
the maximal number of plagques that can be counted on one plate. A
general ruyle of thumb has been to keep the minimum over 30 PFU. Sampling
error can be reduced by plating duplicate samples of each dilution and
taking the average.

It is emphasized that the phage assay method is not an abso~
lute measure of particle number. Not only are some phege particles
incapable of initiating the lytic cycle, but a variety of environmental
factors such as incubation temperature, medium pH, presence or absence
of certain salts, as well as the type of bacterial strain, can modify
the mumber of plaques which develop.

Two variations of the plaque assay method are the spreadjng
method and the soft agar method. For the spreading method, 0.1 ml of
the phage dilution and 0.1 mi of & suitable indicator organism are
placed on the surface of an agar plate and spread over the entire
surface with a sterile L-shaped glass spremsder. It is also possible
to prepare 10-fold dilutions of the phage using 0.9 mi of the indicator
organisms in broth as the &iluent, then pipetting 0.1 mi of the phage-
bacteria mixture onto the surface of an agar plate and spreading. The
agar surface should be dry before use, otherwise the phage will grow
in the excess fluid medium and form large, confluent lytic areas instesd
of discrete plaques. It may be necessary to dry the surface of an
inoculated agar platz in an inverted position for 15 to 20 minutes

in the 37 C incubator.

16




5
2.0 ml of 24 hr broth culture of E. coli B (about 2-5 x
10° cells/m1)
sterile 1.0 ml pipettes (graduated in 0.1) T ea
plates Penassay agar 6 ea

L-shaped glass spreading rods, 95% ethanol and water

in beakers.

Procedure:

1. Pipette 0.9 mi of a young broth culture of E. coli B into each
of the first three sterile Kolmer tubes in the dilution series.
Into the last two Kolmer tubes put 0.9 ml of 24 hr E. coli
culture.

2. Using 8 sterile 1.0 ml pipette, transfer 0.1 ml of the T phage
suspension to the first tube and mix (101). Transfer 0.1 of
this mixture to the second tube using a fresh pipette.

3. Continue to make the 10-fold dilutions with the remeining tubes,
making sure & fresh pipette is used for each dilution.

k., Upon completion of the d@ilutions, take & fresh pipette, and
starting with the highest dilution (tube 5), pipette 0.1 ml
of each phage-bacteria dilution onto the surface of Penassay
agar plates for tubes 5, 4, and 3 {1075, 10~%, and 1073 dilu-
tions, respectively). The final plate dilutions will be 1075,
1075, apnd 10™%, respectively.

5. Again starting with the highest dilution, spread the inocculum

over the entire agar surface with e sterile, glass spresding rod.

Q - -1'7




The soft agar overlay technique for assaying pheges was
first described by Gratia in 1936 and since has been modified by
various workers (Adams, 1959). In general, the host indicator organism
and phage are inoculated and mixed in a smail volume (2.5 mi) of melted,
cooled (43-45 C) 0.5% soft agar medium and then poured and evenly
layered on the surface of a 1.5% agar base plate. The soft agar is
allowed to 801idify on a level surface before incubation in the
upright position. The bacteria, receiving nutrients primarily from
the agaribase medium, yield confluent growth and form a dense lawn
in the soft agar except where phage particles have replicated and formed

a plaque.

A. Spreading Technique for Determination of Plaque Forming Units.
Materisls: PER STUDENT
sterile Kolmer tubes (3" tubes) 5 es
0.1 ml of assigned phege suspension (Diluted to contain 1
to 5 x 107 PFU/ml)
8.0 ml of young broth culture of E. goli 8 (about 5.0 x

107 cells/mi)

18




6. Allow the inoculum to be absorbed completely by the agar before
inverting and incubating the plates at 37 C for 15 to 18 hours
or until the plagues are well developed and c&n bhe counted
easily within the bact;rial lawn.

7. Count the number of plagques for each dilution wherever possible

and determine the number of PFUs in the originsl phage stock

suspension.

Soft Ager Overlsy Technigue for Determination of PFUs.
Materials: PER STUDENT
Phage suspension (dtluted to contain about 1-5 X% 107

PFU/mi) (0.5ml) use same ¢ suspension as in part A.
1.0 mi E. coli B {about 2-5 x 10° cells/mi). Remainder

of 24 hr culture from part A is to be used as this

indicator organism
tubes penassay soft agar (45 C water bath) 6 ea
plates penassay base &gar 6 ea
4.5 mi dilution blanks {chilled ) (1:h ratio of PA broth

to saline) 6 ea
sterile 1.0 mi graduated pipettes (graduated in 0.1)

pasteur pipettes sterile

Procedure:
Use the same phage in this exercise that was ugsed with the spreading

method.




1. Pipette 0.5 ml of the phage suspension into a 4.5 ml dilution
blank (107!). Mix well and transfer 0.5 ml of this dilution
to a second blank and so on up to dilutions of 1076,

2. Obtain two tubes of penassay soft agar from the %5 C water bath
and using a sterile pasteur pipette sdd 3 drops of 2% hr culture
of E. coli B into each tube of melted agar medium. With a
fresh pipette, transfer 0.1 ml from the 1078 dilution to each
tube of the seeded soft agar. {(Final plate dilution will be 10~7.)
Mix without causing bubbles and pour the contents of each tube
on the surface of separate penassay agar base plates. {(Overlay
by gently tilting the plate back and forth as demonstrated
by the laboratory instructor.)

NOTE: It is alway§ advisable to pipette the indicator organism
into the soft agar medium before sdding the phage inoculum

so as to prevent possible contamination of the indicator organism
with phage.

3. Repeat procedure 2 using the 105 and 10™* phage dilutions in
place of 1076 dilution. (Final plate dilutions will be 1077,
1076, 1075.)

k. Allow the agar to harden before incubating the plates in the
upright position in the 37 C incubator.

5. After 15 to 18 hours, count and aversge the number of PFUs for
each dilution. Determine the titer of the original phage suspen-~
sion. (Multiply the number of plaques on plate by the reciprocal

of the final dilution of plate.)

20




6. Describe the plaque morphology of the phage, including the
presence or absence of any evident halo. Also, deseribe the
Plaque morphology of other coliphages available on demonstration
or from plates of other students. (Observe Figs. 1-3 for charac-

teristic plaque morphology of some T-phages).
T. Record all results on the data sheet following the exercise.

Questions:

1.

Does the plaque morphology of your phage appear homogeneous?

What might be expected if one or two plaques on the agar plates
appeared different?

If an exceedingly large number of phage are plated on a lawm of
sensitive cells confluent lysis will occur; however, there will be
a smell number of bacteriel colonies (less than 100) growing on
such a plate. What would be a reasonable explanation for the
appearance of these colonies?

If one or more of your dilution plates do not have any plaques in
the lawn of cells, what are two possible explanetions for this?

If some of your plates are completely clear and have no sign of
plaques or cells growth what mistake in your procedure did you make?
Assume that you did the pour plate method and did pour soft agar
on surface of plate.

What possible effect would bubbles (in the soft agar overlay and

on the plate) have?

21




Figure 1. Plaque assay of T7 on Escherichie coli B.

Figure 2. Plaque assay of Tl on Escherichia coli 8.

10




Figure 3. Plaque assay of T2 on Escherichia coli B.

11
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Statistical Analysis of Data

Virel titers obtained by plague counting have been compared
with the number of physical particles obtained by electron micrograph
counting. The agreement is very good for some phages (Luria et al., 1951}.
Plague agsay is a vefy accurate titration method. As the number of
replicate platives increases, the mean becomes a better measure of the
absolute number of infectious particles.

Two sources of error which influence the final value obtained

(1) Sampling error - resulting from random distribution of
phage particles -~ personal technique.

(2) Diluting error -resulting from the error inherent in the
diluting prucess. Luria and Darnell (1967) estimate that it is equal
to the Probable Error (P.E.) of each step in the dilution series multi-
Plied by the square root of total number of dilutions made.

Sampling error is caused by the nature of the sampling process
end cap never be completely eliminated. It can be minimized, however,
by refinements in technique and by simple concentration on the work at
hand. One way to measure it is by calculation of ones personal coefficient

of variance (C.V.}. It is important to keeP opes C.V. at a lov level.

By carefully eyeing the miniscus in the pipette (do you allow the bottom
of the miniscus to travel from the top of the marks or from the botton
of the marks on the pipette?), conscientiously mixing each dilution and

in general STANDARDIZING the procedures (do you alvays blow out the

12 24
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last drop or never?) one can accomplish this. Since this error is
random (@ay be positive or negative) rather than systematic (always
either + or =), using a large sampling population will help to lessen
the error. Therefore, at each dilution the more duplicate plates made
the greater the theoretical accuracy.

Dilution error is systematic. It is caused by unavoidable
errors in the calibration of pipettes, blanks, ete. Its calculation is
based on the probable error of each step times the total number of steps.
Probable error is defined &8s the value which, when added to or subtracted
from the mean provides a range containing fifty percent of the values.

The smeller this range the more accurate the data. The P.E. 18 used as
a way of eXPressing accuracy of data, within its limits. (What are they?
Consider the differences between relative accuracy and absolute &ccuracy.)

In part I, the accuracy of 1.0 mi pipettes and 0.1 mi pipettes
are compared.

In part II different methods for arriving at the same final
dilution are compared.

Using the data from parts I and II, it will be possible to
manipulate the number in such a way as to obtain some idea of the accuracy

involved.

Calculstions for Part T
1. Calculate the mean (average of the 0.1 ml pipette samples and the

1.0 ml pipette samples.

mean (M) = L of observed

25
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2. Calculate the deviation (d) from the mean. d = difference between

gingle observation and mean.
3. Calculate d2.

4. Calculate experimental standard deviation (s).

R £a?
8 n=1

5. Calculate coefficient of variance (C.V.).

g x 100
$CV. = " pean

Calewations for Part 1I:
1. Caleulata M, s, 4, 3% as before.

2. Caleculate % P.E.

]f za?
£ P.E. = .67 1)z * 100

3. Compare the r=sults from the three methods. This may be done using

P.E. - the difference between the probable error of the two results

{P.E. difference) is a number which can be used to determine if the

data from the two experiments aye significantly different.

P.E. difference = }/P.E.g + P.E.g

The results of the two experiments can be considered significantly

different if the difference between the mean of experiment A and the

26
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mean of experiment B is larger than 3 times the P. E. difference.

My - Mg| > 3P.E. aiff

Compare the 3 methods for significant differences.

M -

2 2
, 13| 5 3/?.3.2 + P.E.2,

Experimental:

Part-1
Materials: (PER STUDENT}

dilute phage suspension

sterile plates 20 es
Tryptose-phosphate soft agar tubes 20 ea
0.1 ml pipettes 5 ea
1.0 ml pipettes 5 ea
1. Using a sterile pasteur pipette put 8 drops of 24 hr E. coli 2

-

into each of 2 T-P tubes.

Add 0.1 ml {use a 1.0 ml pipette) of the phage to the tube and mix
thoroughly. Avoid bubbles. Pour the entire contents onto the
sterile plate. 8wirl the plate quickly but gently so that the
agar completely covers the bottom and is completely mixed. This is
a "pour plate." Since the phage and bacteria are mixed all through
the agar, some subsurface plagues will develop. Be sure to look

on the sides, bottom and top for plaques. Use the same pipette for
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both tubes.
3. Repeat steps 1 and 2 until 10 plates have been poured.
4. Use & .1 ml pipette and repeat above 1, 2, and 3.

5. Count plaques at 15~-18 hrs and record on cherts provided.

" Part II
Materials: (PER STUDENT)

Phage suspension -

sterile plates T 15 ea
T=-F agar tubes 15 en
9.9 ml dilution blanks 2 ea
%.5 ml dilution blanks Y ea
1.0 ml dilution blanks 13 ea
0.1 ml pipettes 11 ea
1.0 ml pipettes 1T ea
Methods:

1. Prepare 3 dilution series with 2, 4 and 13 steps, the fine] dilution

being approximately the same.

Dilution Factor No. Finsl Dilution
0f Each Step Sample Size Volume Steps Factor

(a) 1:100 1% 0.1 m1/9.9 ml 2 1 x 107"
(b) 1:10 10% 0.5 m1/4.5 m1 4 1 x 107%
(e} 1:2 50% 1.0 m1/1.0 ml 13 1.2 x 107*

For each dilution series (a, b, ¢) make 5 pour plates from the last
tube (highest dilution). Use 0.5 ml/tube. REMEMBER THIS WHEN MAKING

CALCULATIONS!
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DATA TABLE PART I:
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0.1 mi pipette 1.0 mt pipette
Deviation Deviation
Plate From Deviation Plate From Devisation
Count Mean 2 Count Mean 2
Plate | PFU/plate a a2 Plate | PFU/plate a az
1 1
2 2
3 3
b b
5 5
6 6
T T
8 8
9 9
10 10
Sum{ L) Sum(Z}
DATA TABLE PART 1I:
2 Step Series L Step Series 13 Step Series
Plate Plate Plate
Plate Count 4 42 | Plate Count 4d 42 | Flate Count 4 42
1 1 1
2 2 2
3 3 3
b b b
5 5 5
Sum(Z) Sun(Z) Sum(Z)
Mean = Mean = Mean =
S = S = S =
LP.E. = P.E. = P.E =




UNRESTRICTED CELL DIVISION

Under ideal conditions & bacterial cell such &s Escherichia
coli can divide into two individual cells every fifteen to twenty minutes
(1). This continued doubling is ususlly expressed &s a geometric pro-
gression {5): 29, 21, 22, 23, ., . . 2% and proceeds as a function of
time (7). Ideally, rates of multiplication and changes in a bacterial
population can be representea schematically as a growth curve consisting
of various phases of growth, as originally proposed by Buchana (2) ana
later by Monod (4). Such a curve was constructed by enumeration from
"viable counts” as obtained from conventional sPread plate assays of
designated sawples from a young, growing bacterial culture, and the re-
sults plotted ag a function of time. However, an apparent discrepancy
does exist between the lower viable counts when compared to total cell
determination, as depicted by microscopic counts or optical density
measurements of turbidity of the culture (31). The number of cells
obtained in the total plate count does not corresponédé to the absolute
number of microbial cells Present in a culture because of the following
inherent sources of error in the dilution plate counting technique:
only living cells develop into colonies; clumps {as in many Staph¥lococcus
Sp.} and chains of cells (e.g. many Bacillus sp.) develop as single colonies
and colonies develop only from those cells for which the plating conditions
asre suitable to support growth.

The experimental studies on bacterial growth and metabolism

have been most abundant in the early literature. Extensive research
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and descriptions have be=n reviewad by many workers in the past, who
have examined the different phases of the growth curve and effects of
the many variables on the system, as well as any wmodifications of these
variables on bacterial grewth. These variables include cell character-
istics gueh as specific nutritional requirements, and the synthesis
of cofactors, vitekins and metal chelating compounds (e.g. Fet3
chelating compounds) ete. Growth also depends on variables of the culture
conditions such as salt and ion concentrations, nature and concen-
trations of grewth media, temperature, pH, and aeration. Some studies
have also investigated changes in the structural nature of growing
cells, thereby introducing yet another variable.

,Today , more elaborate experimental investigations are
being conducted in an effort to examine effects of these specifie
variables in relation to different cellular activities and functions
in & bacterial populetion.

Required reading for this lab is reference 11, pp. 298-318,




UNRESTRICTED CELL DIVISION

Materisls: PER PAIR

7" tube with 5.0 ml of 2k hr E. coli 8 culture in Penassay

broth

500 mi flask with 100 mi of Penassay hroth --prewarmed
to 3T C

NA pliates

9.9 ml dilution blemk i iion fluid i 1:h ratio

4.5 ml dilution blank of PA broth to saline

cans of 1 ml pipettes (50)

10 mi pipettes

Spectronic 20 with prepared hlank containing 3.0 ml of
sterile broth the cells are grown in (NOTE:
must use the same machine throughout the
entire experiment)

clean cuvette

95% EtCH and L-rods

32

20

1l ea

1lean
48 ea
12 ea
21 ea
2 ean

8 ea

1l ea

l es
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Method :
1. Preparation of assay of 24 hr E. coli 8 culture.
(a) Take 0.D. of 24 hr culture by pipetting 3.0 ml of 24 hr culture
into & clean spect. 20 cuvette (using 10 ml pipette}.
Reed the absorbance as 0.D. (optical density).
{(b) Make 1072, 10~*, 10~5, 10~8, 10-7? dilutions of 2k hr E. coli
8 in that order, using only two 9.9 ml and three 4.5 ml blanks.
(¢) Using the spreesd plate method with flamed glass L-rod, prepare
2 plates of each of the following final plate dilutions 10“5,
107, 1078, Surface spread plates are prepared by pipetting
only 0.1 ml of the dilution onto surface of agar. Remember
that plating 0.1 ml of & dilution is equivalent to meking an
additional 107! dilution. All dilution plates should be dried
before use to remove excess surface moisture on agar which permits
spreading colonies to develop ("spreaders")}. Invert plates on
clean shelf in 37 C incubator, remove bottoms and allow them to
rest on the edge of the tops at a slight angle for 30 min. Do
not dry any longer and remember to keep plates closed during
plating and when incubating for growth. It would save you time
if each student makes sure that he has 9 plates drying in such
a manner 30 minutes before class.
{d) Spreed 0.1 ml inoculum evenly and allow to dry completely.
Invert plates and incubate at 37 C for 18 hrs.
2. Preparations for growth curve experiment at 0, 30, 60, 90, 120, 150,

and 180 minutes.
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(a) Inoculation o fresh medium. At O min transfer 3.0 ml of 24
br E. coli B to 100 ml of prewarmed broth in 500 ml flask and
nix well.

(b) Assay of incoulated flask. At O min pipette 0.1 ml of inoculated
broth into 9.9 ml dilution blank. This 10~2 dilution is the first
dilution in the series described in (¢). Then using a 10 ml
pipette, take out 3.0 ml from the same flask and put into clean
cuvette. Put flask in 37 C shaker immediately. Take 0.D. of
volume in cuvette immediately, and the other partner should
continue to mske the dilutions platings descrived in (c).

(¢) Complete the appropriate dilution 10 3, 10~ %, 10" 3[these are
dilutions of flask culture] using only 4.5 ml blanks. Using the
spread plate method prepare 2 plates of each of the following
final plate dilutions: 107%, 1075, 107S.

(4} Follow the same directions in (b) and {¢) for 30, 60, 90 minutes.

(e) For time intervals 120, 150, 180 minutes follow step (b) but
the tube dilutions will be 1072, 10™%, 1075, 1076, Spresad plates
prepared in duplicate for the following final plate dilutions
1075, 10 6, 1077,

3. All plates needed to be labeled on the bottoms only with the following
information: time interwval (e.g. » 0, 30 min etc.): final plate

dilutions; and yYour initiels. Incubate plates for 15-18 hrs.

Deta will include Table (see below) with the following informetion

for each of the seven time intervals and the 24 hr culture: all piate
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counts, the titer (CFU/ml); and 0.D.

Time Fill&l Plate Dilutions Titer
(Min.) 104 10°S 10-6 1077 1078 (CFU/m1)} 0.D.
0
30

Also included in the Data section will be the following three
graphs: (1) on 304 cycle semilog paper plot CFU/ml on vertical exis vs.
time [do not include 24 hr valuel; (2) on linear graph paper plot 0.D. on
vertica) axis ve. time [do not include 24 hr value); and (3) on 3-k cycle
semilog paper plot CFU/ml on vertical axis and plot the corresponding
0.D. values for each viable cell count on horizontal axis [include 2k
hr values].

Explain briefly, but concisely, each of these graphs by describing
the kind of information each graph tells you. [Hint: g}apha 1l and 2 are
both similar curves, but not exactly identical. Why?]

What conclusions can you draw from the two similer graphs 1 & 2
and from graph 3?7 These should include statements about the pattern of

E. coli growth end the kind of relationship between CFU/mi end 0.D.
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Questions

1. Using graph 1 calculate the generation time of E. coli 8 during the
log phase under these growing conditions. Show all equations and
caleulations. '

2. Using graph 1 calculate the length of the lag period. (See Stanier
p. 309 for directions and diagram.)

3. In what growth phase is the 2.5 hr E. goli B grown under these

conditions?

In phase assey experiment a 2% hr E. coli £ culture grown as you did
is ysed as indicator, what phase of growth is it in?
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ONE STEP GROWTH OF A BACTERIQPHAGE

The quantitative study of the phage-bacterium interaction
was initially done in 1926 by D'Herelle (6) who demonstrated that by
assaying designated samples from an infected culture, viral growth could
be observed to proceed in a stepwise fashion, resulting in the production
of progeny virus. This sequence of events was quantitated by devising
the "one-step growth experiment” in 1939 by Ellis and Delbruck (5).

The one-step growth experiment of Ellis and Delbruck clearly
presented the general nature znd kineties of viral multiplication in a
population of infected cells under suitable culture conditions. The

kinetics of the multiplication is measured by an infective center assay.

The infective center is the unit that forms a& single plaque; one infective
center could have been caused by a single unadsorbed phage or an infected
cell, which may have a varying number of intracellular infectious mature
progeny phages in its cytoplasm. Therefore, in this method an infected
cell with no intracellular mature particles at the time of sampling is
not distinguishable from an infected cell which has not lysed yet but

has many mature phages in it. The basic procedure involves the infection
of a young sensitive culture of cells with a designated amount of phage.
The phage are allowed to absorb for 5 min; after this,the phage-host
mixture is diluted in antiserum with a high titer for a period of 5 min
gt 37 C to neutralize all unadsorbed phage. After this step the phage~-
host antiserum mix is diluted 1:500 (FGT} and the FGT is diluted 1:100

(SGT). This serves two functions: (a) it dilutes out the entibodies so
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that none of the phages released leter on are neutralized; (b) by diluting
out the residuel uninfected host cells they will not be infected by
phages released later on. Samples of the FGT and SGT are pleted st
various times to determine the instantaneous number of jpfective units.
Thig infective center assay is the experiment student #1 of each pair
will be doing.

Other workers examined intracellular events through premeture
lysis of infected cells. Doermann (U} devised an experiment to assay
the number of intracelluler phages as they accumulated in the cytoplasm
of infected cell before cell lysis. He artificelly lysed the infected
cells sampled concurrently from the same FGT and SGT tubes of the one-
step growth experiment mentioned sbove. 8ince all cells ere lysed before
pléting and the unadsorbed phages after 5 min were neutralized, the titer
of this method represents the totsl number of intracellular PFU/ml
{(infectious phage = plaque forming unit) released by ertificis) lVsis
and the number of PFU/ml releessed as e result of spontaneous lysis.
This is not an infective center 8ssay because the number of plaques
caused Uy & single infected cell will depend on the number of intracellu-
lar particles it hed et the time of sampling, i.e. the stage of growth
cycle the replicating phege was in. The first method developed for
artificielly lysing infected cells was the use of high multiplicities
of infection of phage perticles which initiated the process of "lysis-
from-without” (7). Sometimes sonic disintegretion (1) or chemicel
agents, e.g. cyanide (1, 4) were applied as sources of all disruption.

Though different compounds have been used from time to time, the more

38




27

generally useful method employs the addition of chloroform to phege-
infected cultures. This assay of intracellular phage is the one student
#2 of each pair will do.

The one~step growth curve (infective center assay) showed that
for & period of time after infection the number of infective centers,
i.e. infected cells, remsins constant, this was defined as the latent
period. It represents the time between the infection of the culture of
cells with parental phages and the time it tekes for the infected cells
to release nev progeny phages. As soon 88 the titer begins to rise the
latent period ends and the rise period begins and continues until a
plateau of PFU/ml is reached. The rise period is the time during which
the infected cells are lysing as each olle reaches the end to the viral
replication ¢ycle. As soon as all of the infected cells lyse a plateau
is reached and does not increase because progeny phege and residual
susceptible cells have been diluted out shortly after the initiel
adsorption period. The ratio of the finel infective center plateau
(ICp) to the original infective center titer (1€) is the burst size;
this represents the average number of phages released by each infected
cell. Since this infective center assay is only able to detect PFU's after
they were released from cell by spontaneous "lysis-from-within® little was
known about the kinetics of intracellular phage maturation until Doermann's
intracellular phage assay experiment. This experiment studied intra~
cellular phage development by artificially lysing the infected cells
during the latent period, thus releasing any and all infectious particles

which are then detected by the assay. Doermann found & very surprising
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and unexpected phenomenon, there were no infectious particles released
from the infected cells artificielly lysed during the early part of
latent pe-iod, not even the original infecting phage (parental phage).
After a ghort time, however, intracellular PFU's begin to appear during
late latent period and increased in number throughout the remainder of
the latent Period. The number of PFU's assayed by this method increased
during rise period salso due to the normal release of progeny phage by
gpontaneous "lysis-from.within" as well as the release of intracellular

phages from infected cells that were artificially lysed-from-without

by & high multiplicity of infection by phages (you will artificislly
lyse cell with chloroform), The PFU's assayed by this method levels

off to the same plateau asg obtained by the one-step growth curve. The
tine after infection and before any infectious phage are detectable in
the cytoplasm of artifically lysed cells is called eclipse of the latent
period. The time between the end of the eclipse and the time of cell
"lysis-from-within"” is the maturature time of the latent period, amnd it
is charascterized by the presence of infectious mature progeny pheges in
the cytoplasm of artificially lysed cells.

Various modifications of the one-step growth experiment have
been devised to study different variables. One important extension was
the "single-burst experiment” (3) which determined and compared the virus
yields from individusl bursts of a phege-infected bacterial suspension
diluted into a series of dilutions to contain less than one infected

bacterium. The spontaneously lyse, and thus, the length of the growth

L 40




cycle is different for individual cells. This suggested that the burst
sizes and growth cycle times obtained from a one-step growth experiment
are average values of a population of infected cells. In a population

of cells the external enviromment of each cell mey be kept nearly

constant, but the internal environments rarely are, e.g. physiological
age and conditions. The single-burst experiments of Bentzon, Maalde,
and Rausch (2) confirmed one other fact. The results obtained from
Doermann's intracellular phage assey on a population of cells suggested
that the increase in intracellular phage particles {ncreased lipearly
with time. At the end of eclipse the number of PFU's increased at a
constant rate untiluiye end of latent period and showed ligear growth
kinetics. The above study on single cell intracellular infectious phege
development confirmed that mature phage are formed at a linear rate not
exponential. This is no reflection on how the parental and progeny
nucleic acid molecules (DNA) might replicate, but it does eliminate
binary fission 88 & mechanism of phage multiplication since 1t is
characterized by exponential growth rate as in the case of cell division.

The rate that mature phage particles are assembled is a constant linear

rate.
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ONE STEP GROWIH OF A BACTERIOPHAGE

Materials: PER PAIR OF STUDENTS

7" tube with 8 ml 24 hr E. coli 8 indicator 1ea
5" tube with exactly 4.5 ml of 2.5 hr E. coli B 1ea
3" tube with phage stock 1-5 x 107 FFU/ml 1ea
5" tube with 1.8 ml of phage antiserum diluted 1:20 1l ea
sterile petri dishes 48

tryptose-phosphate soft agar tubes with 7.5 ml L8

4.0 ml dilution blank in 5" tube 1ea
4.5 ml dilution dblank with 1.0 ml CHCl; in S" tube 12 ea
9.0 ml dilution blank in T" tube 1 ea

18.0 m1 dilution blank (in 50 ml flasks) [dilution fluid is 1ea

1:h ratio of PA
broth to saline)

19.8 ml dilution blank (in 50 ml fiasks) 1ea
0.1 ml pipette 2 ea
1.0 ml pipette 4o ea
pasteur pipettes 6 ea

ice water bath

10 ml pipettes 10 cans/lap
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Method:

This experiment will be done in pairs. Student #1 will be
assaying the FGT and SGT tubes by the infective center assay‘(one-step
growth curve). Student #2 will be assaying the same FGT and SGT tubes
by the intracellular phage assay. Both students assist in preparing
the FGT and SGT tubes {Steps 1.5):

1. Prepare and label the following msterials:

a&. Student #1: 2 plates for each sampling time (15, 20, 25, 30
45, 60 min) for the FGT and 2 plates for each sampling time
for SGT.

b. Student #2 do the same as above. (Sampling times will be 20,
15, 20, 25, 30, 45 min.)

¢. Both students prepare 1 of each of the following: 4.0 mi,
and 9.0 ml, 18.0 m1, and 19.8 m1 dilution blanks all kept at
37 C and labeled with your initials.

d. Student #2 label 12 chilled 4.5 mi dilution blanks with 1.0 ml
of CHCl, with your initiasls and FGT and SGT, sampling time and
keep these in ice water bath,

2. At Omin infect 4.5 ml of E. coli 8 (2.5 hr) with 0.5 ml of the desig-
nated phage stock. Mix well by shaking several times. Allow 3 min
for phage attachment in 37 C water bath. Record this O time for
further reference. {1:10 dilution of phage stock)

3. Dilute the phage-host mixture made in step 2, after 3 min, 1:10 in
sntiserum (0.2 ml of ¢~host mixture in 1.8 ml of antiserum of & 1:20
dilution kept at 37 C). Allow 5 min for neutralization of free

pheges to take place at 37 €. (1:200 dilution of phage stock)
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5.

Dilute the phage~host antiserum mixture made in step 3, after 5 min,

in the followihg wey using the dilutions previously kept at 37 C.

Be sure to warm each pipette by passing over the flame several

times before meking dilutions. (The following steps must be done

rapidly -- in 2 min and no more.)

a. Transfer 1.0 ml of the phage-host-antiserum mixture into & 4.0
ml blank,.put 1.0 ml of this dilution into a 9.0 ml blank, then
put 2.0 ml of this dilution into & 18.0 ml blank. This represents
the First Growth Tube, PGT, which is a 1:500 (or 2 x 1073)
dilution of the phage-host~antiserum mixture made in step 3 and
a 1:50,000 (2 x 107%) dilution of the original phage stock.

b. Ilmmediately dilute the FGT 1:100 (0.2 ml into an 19.8 ml bilenk).
This represents the Second Growth Tube, SGT, which is a 1:5,000,000
dilution of the original phage stock (2 x 10-7),

NOTE: The moi in phage-host mix is almost 0.1. Assuming 2/3

of the particles aﬁtach to the cells, about 6-7 x 105 cells/ml
will be infected. Dilution through antiserum (step 3) brings
this to 6~7 x 103 cells/ml. Further dilution brings the expected
FGT infected cell titer to 1 x 103/ml and that of SGT will be
about 10 infected cells/ml.

Mainteain FGT and SGT tubes at 37 C throughout the experiment.

By the time step 4 is completed no more than 10 minutes have elapsed

from time O min (step 2) so that plating of samples from FGT and

SGT for student #2 will begin at exactly 10' after infection (see

step #7). Sampling for student #1 will begin at 15' {see step #6).
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6. Student #1 at 15 min time, witﬁ 8 warm sterile 1.0 ml pipette will
sample 1.0 ml from the FGT and inoculate 0.5 ml into each of 2 soft
agar tubes seeded with 6 drops of E. coli B indicator. Mix and pour
into sterile petri dishes (plated undiluted FGT). Immediately
repeat the procedure for the SGT (plate undiluted FGT).

T. Student #2 at 10 min time will sample from the FGT by transferring
0.5 ml to a chilled dilution blank 4.5 ml with 1.0 ml of CHClj.
Shake vigorously and allow for separation of two layers in ice
bath before plating (15-20 min later). Immediately repeat the same
procedure for SGT.

When layers separated, you will make 2 plates of FGT for each

sampling time by inoculating each of two soft egar tubes, already
seeded with 6 drops of E. goli, with 0.5 ml of the agueous phase

only. This is & 1:10 dilution of the FGT you have plated.

Repeat the seme plating procedure for the SGT dilution CHClz tubes

at each sampling time. This is a 1:10 dilution of SGT you have plated.
ROTE: Both students should sample from the FGT and SGT at the same
time to keep a fairly close time schedule. Student #1 will plate
undiluted samples immediately, student #2 will not start plating the
1;10 diluted samples until after the 30 min samples have been taken.

8. At 20', 25', 30", 45' and 60' student #1 should repeat step 6 and
student #2 repeat step 7 for 15, 20, 25, 30, and 45 min intervals.
Incubate g1l plates for 15-18 hrs at 37 C.

The dats section will include the following tables:
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Table 1; One-Step Growth Experiment

Time of Semples
15 20 25 30 L5 60

FGT (1) plate counts; undil.
{2] titer (PFU/ml) =ICo

8GT (1) plate counts; undil.
(2) titer (PFU/ml) =1Cp

Teble 2: Intracellulsr Phage Assey

10 15 20 25 30 45

FGT (1) plate counts of 1:10
2) titer (PFU/ml)
[sum of plates-x 10)

86T (1) plate counts of 1:10
{2) titer (PFU/ml)
{sum of plates x 10)

The data section will also include the following graph. On
one 3 or 4 cycle semilog paper plot both sets of data as PFU/ml vs time and
clearly label which line represents which curve. Also label the following
items: latent period, eclipse, maturation, rise period and burst size.
Explein in detsil what the graph shows and how and why the two curves

are shaped differently.

Questions:
- ICp . .
1. Burst size = {G= ; see paragraph L. (Calculate the burst size from
your graph and dsts of the one-step growth experiment.
2. What is the length of the latent period?
3. At what time after infection did the first msture progeny appear in

the cytoplasm of infected cells? In the externsel environment of
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the cells? Ansver in terms of minutes after infection and name of
the different phase you have labeled on your graph.

What % of phage attachment took place in 3 min at 37 C?

The titer of undiluted phege stock =

The titer of phage in host mixture =

The titer of infected cells in phage-~host mixture = # of absorbed ¢ =
{see step 4 in procedure).

Fraction of adsorted phage x 100 = % phage attached.

47
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ADSORPTION OF BACTERIOPHAGE TO HOMOLOGOUS CELLS

It was demonstrated by Krueger (1931) and Schlesinger (1932)
that the logarithm of the ratio of unadsorbed phage to the original
phage input (i.e. fraction of phages remaining unadsorbed, P/Po)
decreases with time and is porportional to cell concentration. The rate
of‘ velocity of adsorption (k) is directly proportional to cell concen-
tration. This suggested that the kinetics of phage adsorption is that
of first-order reactions.

Besides virus and cell concentrations, the adsorption rate is
also & function of temperature, medium viscosity, and the physiological
state or age of the bacteria. Under constant environmental conditions
and uniform culture conditions of the host cells, the kinetics of phage

adsorption can be expressed by equation 1:

daF
Equation 1 ~ & k(B)(P);

Integration of equation 1 yields:

Equation 2 log? 1 k(B)(t);
PD 203

to solve for k:
. _ 2, log Po
Equation 3 k = TE%% e

In this experiment you will measure the adsorption rate constant.

In equation 3 Po and B are measured directly before the experiment by

36
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assaying the phage and 2.5 hr cell suspension. The value of P changes
with time and can be measured experimentally by two different methods:

1. Assgy directly for unadsorbed phage

2. Assay indirectly by determining the number of infected

bacteria.

For both measurements the samples will be taken out of the same phage-host
mixture but the treatment will be different depending on which of the
above methods is used. In method (1) the objective is to measure all
the infectious phage particles that have not adsorbed to a cell. Each
cell can attach more than one phage, but only one phage will enter into
a productive replication cycle and the other phages on the wall becocme
inactivated. To insure accurate results not more than one phage can
attach to any one cellj therefore, 8 low multiplicity of infection {less
than one) is used in the original host-phage mixture. The original ratio
of phage to cell is expressed as multiplicity of infection (m.o.i.).
Before the number of free prhages can be measured at each time interval,
the previously infected bacteria in the samples must be artificially
lysed in order to prevent them from releasing more mature particles later

on when they are on the plate. Chloroform (CHCl3)causes the lysis of

Po = phage titer at time O PFU/ml

P = titer of unadsorbed phage at t minutes

B = cell concentration as CFU/ml

t = minutes

k = adsorption rate constant with dimensions ml/min
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cells immediately. During the first 15 minutes after infection the phage
is in the eclipse of the latent period, and there are no infectious phages
in the cytoplasm of the cell during this time.

In method (2) the measurement of unadsorbed phage (P) is
indirect. If the moi is low, then the number of infected cells can be
equated to the number of gdsorbed phage. The value of unadsorbed phage
will he:

Equation k4 P = Po - (number of infected bacteria

at time t)
The first step at each time is to dilute the phage-host mixture in Anti-T2
serum; this inectivates all unadsorbed phage particles so that they can
no longer infect cells. Thisg treatment does not affect the cells that have
become infected while in the phage-host mixture. This dilution in antiserum
must be incubated at 37 € for 5 min to allow sufficient time for a phage
to become inactivated but it can not be allowed to incubate for more than
5 min. If it is incubated longer than the originally infected cells, it will
burst in this tube and the relessed particles may become inactivated by
any excess anti-T2 antibodies. You want to b~ sure to plate these
samples before the time of burst because this method is measuring the
number of infective centers which is equal to the number of infected
cells. {The original infected cell results in one plague in which T
was the centrsal starting point, thus it is ecalled the infective center,

it is analogous to the single cell that resulis in one colony.)




ADSORPTION OF BACTERIOPHAGE TO HOMOLOGOUS CELLS

Materials:
2k hr B. goli B in 5" tube (indicator)

2.5 hr E. gcoli 8 in 50 ml fiagk

T2 stock

tubes with 1.8 wl of anti-T2 serum
tubes of Tryptose-Phosphate agar

Plates

9.9 ml dilution blank

0.9 ml dilution blank 28 ea
4.5 ml dilution blank 8 ea
1.8 ml dilution blank Y ea
chloroforn b om

4 cans ot 1.0 @l pipettes
10 mi pipette l ea

ice and ice bucket

You will be working in groups of U on this experiment. Pair #1 will be
asseying the unadsorbed phage by Method #1; similarly, pair #2 will be
doing Method #2. The results each pair gets are to be compared and

included in each individusl's lab report. Each group of % will have a
2.5 hr E. ¢coli culture and a phage stock, which are to be used by both

pairs in the group.
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Method:
l, Each pair assay your 2.5 hr E. coli f culture just prior to doing

L,

experiment by the pour plate method.

Each peir assay your phage stock by pour plate method. Remember

to put indicator organism in soft agar tube before mdding 0.5 ml of
phage dilution.

Each group of 4 at zero time add 2 ml of undiluted phage to 18 ml of
2.5 hr E. coli g (this is a 1:10 dilution of originel phage stock].
Mix by swirling vigorously then incubate &t 37 C. This phage-host
mixture will be used by Pair 1 and Pair 2 for their assays.

Sampling will be 2', 5', 10' and 15°.

PAIR 1 - METHOD 1: Assay of unadsorbed phege (Delbruck 19%5) as follows

(a) dilute 0.2 ml of phage host mixture (1:10 dilution} into cold
solution of 1.0 ml ChCl3 and 1.8 ml of dilution fluid. Shake
vigorougsly; let stand in ice water until the two phases have
separated.

(b} dilute from the upper aqueous phase (must be clear) nsing three
0.9 ml and two 4.5 ml blanks only. Make duplicate plate of
tube dilutions 1073, 107%, 1075. Remember to edd indicator to
soft agar tubes before adéing 0.5 ml of phage dilution. When

calculating dilution factors and titer, remember to include the

107! gilution step (a).
{e} Repeat step {b) at each sampling time, and be sure to keep on the

sampling time table exactly because infected cells after 15 min

o2
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will contain mature phage particles in cytoplasm which will be

released after CHCl3 treatment.

PAIR 2 - METHOD 2: Determination of numbers of infected cells (Fredricq
1952). ‘

(a) dilute the phage-host mixture 107!, 0.2 ml into 1.8 al of
prevarmed anti-T2 serum (37 C). Use serum dilution as distributed.

(b) Incubate 37 C for 5 min only, then ailute further using oaly
three 4.5 ml blanks. Make duplicate plate of the 10™2, 1073,
10°%, 1075 tube dilutions, remembering to sdd indicator before
adding 0.5 ml of phage dilutions to soft agar.

(c) Repeat step (b) at each time interval. This method requires
that the timing be perfect, so to keep from getting behind both
parthers should work on this when necessary. Both pairs shouléd
each have a complete set of data for both methods. Include
the following data tables:

TABLE 1

Pla‘&e Counts Original Titer Titer in Phage/
Stocks 10 1077 0f Stock Host Mixture

¢ = Po

2.5 hr E. coli = B

METHOD 1
FFi/plate
Time 102 10°3 10°% 10°° Titer of Unadsorbed Phaege (P)
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METHOD 2
Titer of
_.  PFy/plate_ _ Titer of Unedsorbed Phage
Time 10”2 10 107*% 1075  Infected Cells  (Equation U4)
2
15
TABLE 4
# of unadsorbed ¥ inf.
Time k(Method 1) k*(Method 2) ) + cells
2
15

The data section should also include the following graph;
plotting 2 curves on the same set of axis of 2 or U cycle semi-log
paper. Let the verticle axis represent the titers, in case of one curve
the titer will be of unadsorbed phage from Method 1, and for the other
curve titer will be of infected cells from Method £Z. The horizontal
axis is time. Explain briefly the informstion shown in the graph, also
explain any unexpected or unususl aberrations in the data if there are
any (easily seen in graph as "strange" looking curves). What can you
conclude about the value of the adsorption rate constant in this phege-

host system, and the effect of increasing time on its value?

ngations :

1. Does the number of unadsorbed phage plus the number of infected
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cells add up to the same number at each time? Explain briefly.
Anti-T2 serum inactivates unadsorbed T2 particles, i.e., they are no
longer infectious. Antiserum contains antibodies directed against
specific and nonspecific proteins. What protein{s) of T2 must these
antibodies be directed against in order to inactivate the T2
particle?

Calculate the moi in your originel phage-host mixture.

moj = totel # phages added _ original phage titer (PFU/ml) x 2.0 ml
total cells present original cell titer {(CFU/ml) x 18.0 ml




KINETICS OF SERUM REUTRALIZATION

Early studies have indicated that bacteriopheges can function
as specific antigens (antigens are foreign proteins) to illicit the pro-
ductions of specific antibodies. This was first established in 1921 by
Bordet and Cuica (5) who inoculated phage lysates into rabbits and
obtained sera with the ebility to inactivate phage particles. This immune
sera from the rabbit contains many contaminating antibodies besides the
specific antibodies directed against the phage. This happens because
the phage preparation used to immunize by a series of intravenous injections,
contains many contaminating fragments of bacterial cell wall, the com-
ponents of which are also immunogenic {i.e. capable of inducing the for-
mation of specific antibodies directed against it, the antigen). A purified
preparation of antiphage antibodies can be prepared by treating this
immune sera with artificially prepared cell wall fragments of uninfected
cells of the same type the phages are grown on. After these cell wall
fragments have precipitated out the antibacterial antibodies just the
antiphage antibodies are left.

One outstanding characteristic of immune phage sera is that it
results in the inactivation or neutralization of infectious phage particles
when the specific antibody contacts the phage. Thus the mixing of immune
sera with the homologous phage is termed serum neutralization. Several
different antibodies can be induced by a phage particle, because each
different protein on the phage surface will induce the production of
a specific antibody directed against it. Some of the antibodies directed
against a phage particle can not neutralize it; however, the antibodies

directed against a certain "critical site”" are able to neutralize the

by
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phage. For T2, the neutralizing antibodies are directed against the

tajl proteins, the structures involved in recognitionr apd attachment.

The neutrelizing antibodies must interfere with an early step in phage
infection because once the phage genetic material has entered the cell
the antibodies have no effect onr phage replication, maturation or release.
The neutrelizing effect may be due to interference with normal absorption
and/or the injection of phage genome into cell. The former Seems to be
the most likely explanation for the T-even phages. However, the later
mechanism probably occurs With other phages, since it has been reported
that neutrelized phages of some types can still attach to sensitive

cells (6).

Work on serum neutralization has been abundant in the litera-
ture, with extensive investigations by different workers for various
phage systems, e.g. coliphages (8, 13-17), smell RNA phages of MS,,
£,, WB (10, 12, 21}, and small DNA phages of ¢XIT4 (11, 18, 22, 25).
Early studies &lso evaluated important effects of certain variables on
neutralization-temperature (7), virus concentration, antibody concentra-
tion, pH, and various icnic requirements {15). These variables will be
kept constant in your experiment.

It was recognized that immune phage antiserum possessed a great
degree of phage specificity; in other words, anti-T2 serum will have the
greatest neutralizing ability ageinst T2 and will heve no neutrelizing
effect on unrelated phages. This is because unrelated phages will have
unrelated neutralizing antigens. {The phage proteins that induce peu-

tralizing entibodies are called neutrslizing antigens.} In cases of
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closely related phages the antisera directed against one phage type will

not only neutralize the homologous phage {the phage that the antiserum

is specifically directed against ) but will slso neutralize other closely
related phages, though less efficiently. This phenomenon is called
crogssreaction because the same antibody can “crossreact” with two different
antigens. In other words, the same neutrslizing antibody is crossreacting
with two differqgf but closely related phages. These two phages are then

said to be serologicelly related. Serclogicel crossreaction provided

the first method of establishing groups of closely related hacteriophages,
long before morphology, host range and genetic criteria were even known (6).
Early observations glso indicated that fresh normel serum fram

different non-immunized animals demonstrated some degree of neutralizing

activity against several T-phages. Such activity has been proposed to be
attributable to severs] possible mechanisms, e.g., the presence of low
levels of normel phage-neutralizing antibodies (16, 19, 2k, 25) and/for
certain serum factors such as properidin and complement (%, 9, 27),
and/or heat inactivation due to incubation at 37 C during reaction.
A recent report (2) hes demonstrated that phage neutrelization can be
amplified by diverse cerum agents, e.g., complement, heterologous
antiglobulin, or anti-allotypic serum.

The kinetics studies of neutralization began with the work of
Prausnitz (20) who observed thet the reaction between phage and antibody
occurred as a relatively slow porcess, and that a small portion of the
phage population appeered resistant to neutralization sctivity. Little

work had been done since, until the kinetic studies of Andrewes and

28
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Elford {3). They investigated neutrslization at varying phage and anti-
body concentrations, observing that such a reaction proceeds at & measur-
able rate [Kn] as & function of time. Their experimental work intro-

duced an important phenomenon known as the "percentage law,"” stating that
"over a very wide range a given dilution serum neutralized in a given
time an approximately constant percentage of phage, however much phage
there was present." This percentage of phage is between 90 and 99%

(3, 28).

To measure the rate and efficiency of gerum neutrslization, the
neutral ization rate constant [Kn] is measured experimentally. The larger
the value of Kn, the greater the neutralizing potency of the particular
antiserum used. A mix of immune phage antiserum and the homologous
phege will result in & continuous decrease in plaque forming units
(PFU = infectious phages) with & very high Kn value. The same immune
phage serum mixed with a different but closely related phage will result
in less efficient serum neutralization with & smaller Kn value. The
same immune phage serum mentioned above mixed with an unrelated phege
will not result in serum neutralization, therefore the Kn wili be zero.

Burnet, Koegh, and Lush (7) presented the mathematical measure-

ments for the rate of phage inactivation, &5 represented by the following

equation:
Eq. 1 - & _ KoP
dt D
Integration of equation 1 yields:
Eq. 2 log P - Knt
Po ¥ 2.3D
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Equation 2 expressed the observations that the logarithm of the fraction
of surviving pheges (P/Po} decreases with time, and the slope of this
survival curve (Kn) is inversely proportionsl to the reciprocal of the
dilution factor of the antiserum D, used in the reaction mixture. To

solve for Kn the equation is:

Eq. 3 i =230 1og fo

Kn = neutralization rate constent {min~! 1 L per min)

D = reciprocal of dilution factor of serum; if antiserum is 1:100
dilution; the D = 100

t = time in minutes

Po = phage titer at time 0 (PFU/ml)

P = phage titer at time t (PFU/ml)

The constant Kn determined under standerd conditions is called the titer
of the antiserum used. If a serum neutrelization test bvetween anti-Th
and T4 showed Kn = 500 min~l, then the titer of the antiserum is 500 per
min, which indirectly describes the activity of antivodies present by
quantitating the number of particles being neutralized per minute.

The conventional assay method for the detection of antibody
activity was illustrated by the bacteriophage neutralization test described
by Adams (1), employing the soft agar overlay techniques in plating repli-
cate samples of phage-antiserum mixtures. The number of pleque-forming
units yas observed to decrease as & function of time. In the following

experiment you will follow the kinetics of serum neutralization by diluting
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samples of phage-antiserum mix at different time intervels after mixing.
These diluted samples will be plated on sensitive E, coli indicator in
order to assay the number of particles still infectious {not neutralized).
The number of plagues counted will equal the number of Pheges not yet
neutrelized for two reasons: (1) dilution of mixture at specified time
intervals stops the serum neutralization occurring in that sample imme-
diately and (2) the reaction of phage with neutrelizing antibody is an
irreversible reaction, i.e. the neutrelized particles aren't suddenly
going to become active while you're plating the samples. Calculations
derived from relationships established by Equation 3 (7) allowed evaluation
of the effectiveness of serum samples for phage inactivation, as denoted
by the value of Kn. This assay reflected the presence of those antibodies
primarily responsible for neutralization of seversl phage antigens,

in partiecular, those of the tail fibers.
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KINETICS OF SERUM NEUTRALIZATION

(PER GROUP OF L)

phage stocks: 1.0 ml of each of the following at a titer of = 107

PFU/ml T1, T2, T4, T7

tubes of 1.8 ml of antiserum dilution in 3" tube L ea

(dilution will be given)

24 hr E. coli in 7" tube 18 ml
9.9 ml dilution blank (1:4 PA:saline) 28 ea
4.5 m} dilution blank (1:4 PA:saline) L3 ea
1.0 ml pipettes 60
0.1 ml pipettes 26
pasteur pipettes Lo
plates {sterile) 92
7.5 ml of tryptose-phosphate sgar in 7" tube 92
Method: Assay using pour plate method instead of overlsy

Student 1 - Antiserum vs Tl

Student 2 - Antiserum vs T2

Student 3 - Antiserum vs Tb

Student 4 - Antiserum vs T7

All students are responsible for recording and graphing data of all b

phage-ant iserum mixes.

1. Before making any of the phage-antiserum mixes assay each of the

rhage stocks. All assay plates will be done by pour=-plate method

using 7.5 ml of tryptose-phosphate gsoft agar tubes, as follows:

a.

Make dilutions as usuel. You will need to plate 10 “and 10°3
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dilutions for T4 and T2, using two 9.9 ml blanks gnd one 4.5
mt blank. Plate 10 and 107 for Tl and T7. Do this by using
only two 9.9 ml blanks and two 4.5 mi blanks, you will make
duplicete plates of each dilution to be plated.

b. Seed each tryptose-phosphate goft ager tube; kept st 45 € with
8 drops of 2b hr indicator using & pasteur pipette.

c. To esach of two soft agar tubes which are slready seeded with

E. coli using & 1.0 ml pipette, put 0.5 ml of proper tube dilution.

d. Immedietely mix these soft agar tubes thoroughly and &s quickly

as possible pour the entire contents of tube into a sterile

empty petri dish. Swirl the plate to distribute ager evenly.

Allow plates to solidify for 20 minutes before incubetion at 3T C.

e. NOTE: You are plating 0.5 ml! Make the appropriate changes in
your cslculetions,

Each series of titrations, e.g. antiserum B vs T4 will be performed

by the following procedure except for substitution of & different

entiserum and phage.

At time O 8dd 0.2 ml of the proper undiluted phage stock to a tube

containing 1.8 ml of designated antiserum (this is & 107! dilution

of undiluted phage stock) that has been incubeted &t 37 C. Mix

well.

T7 AND Tl

Immediately transfer 0.1 ml of this phage-antiserum mixture to &

chilled 9.9 ml dilution blank and keep on ice. This is a 1072
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dilution of phege antisera mix at zero time. Make & 10™* and 10™5
dilution using chilled 9.9 and 4.5 ml blanks. Return the mix to 37 C
water bath immedistely and maintein this temperature during 30 min
sampling period.

Plate the last two tube dilutions, 10™“ and 10™° using pour-plate
method. Remember to add 8 drops of indicator before adding 0.5 ml
of proper tube dilution.

5. Repeat step 4 at each sample time, 3', 10' and 30' for each phage-
antiserum mixture. Except at this time make only 1672, 1073 and
10™% ailutions end plate in duplicate the 1073 and 10™% tubes.

FOR T2

4. Transfer 0.1 ml of the phage-antiserum mixture and meke & 1072
dilution using & 9.9 ml dilution blank. Make a 10~%, 1075 and
107¢ dilution using chilled 9.9 and two 4.5 ml blanks. Return the mix
to the 37 ¢ water bath immediately and maintein the temperature
during the sampling period. Plate the last three dilutions 107%,
10"° and 107 using pour plate method.

5. Repeat step b st each sample time except &t 3 and 10 min make 1072,
10™% and 107° dilution and plate the last two and at 30 min meke 107!,
1072 and 1073 dilutions and plate all three.

FOR T4

4. Do &s for T2. Plate 10™%, 10™°, and 10™% dilutions &t O minutes.

5. Repeat step 4 but at 3 minutes make 10~2, 1073, 10”% and 10~%
dilutions, plate the last three. At 10 minutes, make 1072, 10 3

and 10"% dilutions and plate all three. At 30 minutes make
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107!, 1072 and 10™% ailutions and plate all three.
6. Incubate al]l plates at 37 C for 15~18 hrs. Calculate the titer of

active phages for each time; PFU/mi of mix.

Dag:zgection will include all plates counts, titers of active phages
at each time, Kn for each time in the following data tables; there will

be 1 table for each nmix.

Table 1: tiserum A vs
Titer of Titer of
5 x 107% 5 x 107% 5 x 107® Active Phages Antiserum
Pime  Tube Dilutes Recorded on Plate PFU/m1 Kn Value (min~1) P/Po
0
. = Po
: =p
30

Table 2: Antiserum A vs T4
Table 3: Antiserum A vs T2
Teble 4: Antiserum B vs T

The data sections will also include 1 graph. 1In graph, plot
the number of survivors (P/Po} on the verticle axis of 3-cycle semilog
paper vs time on the horizontal axis; for each ¢ type, 4 lines on same
paper. Label each with phage type.

Compare and describe the differences in shape of the four neu-

tralization curves. Conclusions: (1)} What is the homologous phage of




antiserum B, i.e. against what phage is this antiserum specifically

directed? (2) Using the Kn values what conclusions can be drawn about
the degree of serological relatedness of each phage to the other three
rhages. Each member of the group must turn in his/her own conclusions

and graphs of all four phage.

Questions

1. In your experiment there was no serum control as there should have
been. Describe exactly what the control would consist of, what it
would show, and how that data would be used. Be sure to include a
brief explanation of the kind of serum which would be used. (Hint:
reread paragraph 5).

2. Group these four T phages (Tl, T2, Th, T7) into two distinet groups
based on morphology of their plaque. Include a description of each
plaque type [shape, size (measure in mm), degree of turbidity within.
plague, and absence or presence of a halol. How does this grouping
of T1, T2, Th, TT compare with your grouping of them based on

serological relatedness?
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PHAGE-RESISTANT MUTANTS

A mutation may be defined as a permanent and heritable change
of a cell property which arises spontaneously through alterations in the
cell genetic material (1). Such modifications provide for the develop-
ment of new classes of variants, some of which represent stable forms,
others which are less stable and revert. In & bacterial population,
spontaneous mutations ocecur during normal growth and it is possible to
find cells that have acquired resistance to bacteriophage infection (4).
The presence of these variants has been investigated and confirmed (11}.
Conventional designations for phege-resistant bacterisal mutants were
established by Burnet and McKie (5). A diagonal is placed between the
symbol representing the sensitive parent and the phage type to whieh it
is resistant. For example, B/2 indicates & strain of Escherichia coli
B resistant to bacteriophage T2. A mutation which imparts simultaneous
resistance for several phages, e.g., T4 and T7, is designated as B/L,T7.

The mutational profile (1) of Escherichia coli 8 for the T~phages has

been described (6). The natural frequency of spontaneous mutation in
8 normal, growing culture, i.e., the mutational rate per bacterium per
generation, was observable in a range from 10”7 to 10~2.

To detect these mutants, a simple method employed the plating
of the bacterial culture in excess of bacteriophages; all suseceptible
cells were lysed except for colonies which eontain phage-resistant
cells {11). These were restreaked and reisolated for purity and retested
for resistance to the phage to which the parent strain was sensitive.

The spontaneous rate har been determined to represent & very low
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frequency for some phages, e.g., T2, where occurrence of such mutations
is rare. Various methods may be employed to increase the recovery of
mutants in e culture. For example, large volumes of a phage-infected
culture may be concentrated and plated for resistant colonies (1),
Alternatively, experimental induction methods have utilized different
chemicel and physical agents. One mutagenic agent, nitrosoguanidine,
commonly used in genetic studies was firsv reported for its mutagenic

effect in E. coli by Mandell and Greemberg (12). Levels of the agent

were incorporated into the sgar layer before spreading the phage-infected

culture. Broth cultures may be incubated in the presence of nitreso-

guanidine for various time intervals prior to phage infection and plating

(2,13). oOther methods employing radiation treatments of UV or X-rays

heve also been investigated to various extents (3,7,10,15).

A recent investigation has reported the effective use of trypsin

to enhance the isolation of phage-resistant, lytic-sensitive mutants,
especially of the N-phage series (9). The procedure involved the addi-
tion of trypsin to the growth medium, a level that did not appear to
affect growth rate or phage adsorption. The presence of trypsin has
also been observed to increase phage yields several magnitudes higher
when compared to cultures containing no trypsin. It mey be possible
to apply the use of this agent to other phage-host systems to determine
whether similaer results can be obtained.

Phage-resistaent mutants have proved to be a useful technical
tool as effective indicator strains for the detection of one virus type

in a mixture of two or more phage strains (1). They aid in screening
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host range phage mutants as well, i.e., those phages in a culture capable
of infecting the resistant mutants themselves. As bacterial mutants have
provided utility in viral genetic research, observations have also been
extended and applied in similar fashion to bacteriophage mutants. The
principles underlying viral mutations and genetics have proven to be
veried and complex. Snustad and Dean (1L4) have designed and presented
selected experiments to provide an introductory basis for student under-

standing asnd exploration of important aspects in virus mutation.




PHAGE-RESISTANT MUTANTS

Cultures: PER PAIR OF STUDENTS
E. coli B (2.5 hours)

Phage stocks (>1010 pru/m1) T1, T2, Th, T7

Materials:

base agar plates -= 5 per each phage tested
sterile dilution tube

glass L-rod, one for each phage type
ethanol and beaker

sterile 10 ml pipette

sterile 1.0 ml pipette

To be supplied during week of testing and isolation:

agar slants
base agar plates
soft agar overlays (2.5 ml)

phege stocks for spot tests

Pasteur pipettes and bulbs for spotting plates

Optional wmaterials: PER CLASS
glass slides

Gram stains

inoculating loops

base agar plates for restreaking

1 ]

0
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6.0 ml

1.5 ml
each phage

20

PER STUDENT
>
10
10
2 sets of bottles,
containing 15 mls

of the four phage
types
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microscope for glides

stereoscope for colonial morphology

This experiment is an attempt to isolate spontaneous phage

resistant mutants from & phage-infected culture and to investigate

certain characteristics of mutant resistance. It will be divided into

three sections and conducted over a two laboratory session period.

Procedures:

A. Isolation and Identification of Phage-Resistant Mutants:

1‘

2.

This experiment will be done in pairs, in which one student will

use Tl and Th phages, and the second student, T2 and T7 phages.

All observations and Jjate will be combined and compared.

Follow the given procedures for each phage type tested:

(a)

(v)

(¢)

(a)

Mix 1 ml of & 2.5 hour E. coli 8 culture with 1 ml of

the designated phage {virus/cell ratio ehould be approxi-
mately 50-100:1).

Shake the mixture and incubate at 37 C for 10 min. Remove
the culture and plate ¢.2 ml to each of 5 bage agar plates
by the spreading technigue. Allcw to édry.

Incubate the plates for 1A-24 hours. Examine for the numbers
and colonial morpholog; of the resistant colonies. Record
and descritbe.

Choose 5 well-isolated resistant colonies from each set of

5 plates. It may be best to prepare & gram stain on each




(e)

(f)

{g)

{n}
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colony tested to check for purity. If necessary, restresk
on another agar plate until colonies are pure, isolated,

and free from phage. Recheck again with gram stain. Use
only a very small inoculum for the slide preparation.

Streak & minime] portion of the pure colony to an agar
slant. Incubate at 37 C for 18-24 hours. Then store in

the refrigerator. This will serve as the stock calture for
later experiments. Inoculate the remaining portion of the
colony into & tube of soft agar. Mix gently and overlay.
Allow the agar to set for 15 min., making sure the overlay
is wniform and level. Mark the plate into 4 quadrants,
labeled T1, T2, Th, and T7. Taking a sterile Pasteur pipette,
carefully spot with the appropriate phage, using the smallest
drop possible to avoid overlapping or running into the other
quadrants. Use a separate pipette for each phage type.
Allow the plates to adsorb for 20-30 min. Incubate at 37 C
for 18-2k hours, leaving the plates right side up. DO NOT
INVERT.

Read the results and record sensitivity to resistance to
¢ach phage type.

[dentify the mutant culture by designation, e.g., culture
resistant to phage T2 will be written as B/2, or to T4 and

T7, as B/4,7, and so forth.

3. Repeat the spot check for the slant cultures and compare to the

first set of results.




L.

Submit the slant cultures labeled appropriately with nsme,

date isolated, and the designation of the mutant.

one culture for use in subsequent experiments.

Retain
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PHAGE-RESISTANT MUTANTS

Host Resistance

Two critica] steps in productive bacteriophage infection
are the adsorption of the virus to the susceptible host, followed by
subsequent intracellular multiplication within the host cell. Ad-
sorpticon oceurs as a result of complementarity of surface structures
of the virus and host, such that the appropriate reaction can proceed
(b,2). The physiological basis of host resistance mey be attributable
to glterations in the cell surface makeup, especielly modifications
of receptor sites at or near the point of attachment for the specific
rhages. The result is primarily loss of adsorptive capacity of phages
to host cells.

Changes nay be due to direct mutation in the host cell
genetic material or due to effects by cultural conditions, e.g.,
temperature, pH, enzymatic action, or lonic factors, which contribute

to eltering the cell receptor specificity.
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PHAGE-RESISTANT MUTANTS

Cultures: PER STUDENT
E. coli 8 indicator (2L hours) 8 ml

E. coli B culture (2.5 hours) 4 ml

Resistant mutant culture (2.5 hours) to be prepared

by student 4 ml
Phage stocks (diluted to 107 PFU/ml) 1.5 ml of
designated phage
type

Materials: PER STUDENT

For day prior to lab:

sterile 125 ml Erlenmeyer flask 1l ea
sterile broth medium 10 md
inoculating loop 1l ea

For day of the lab {2.5 hrs. before):

sterile 125 m} Erlenmeyer flask 1l ea
sterile proth medium 20 ml
gterile 1.0 ml pipette 1l ea
soft agar overlay 3¢ ea
sterile petri plates 30 ea
chloroform 2 ml
0.0% M KCN 1ml
sterile dilution tubes 30 es
sterile chilled diluent 175 ml
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sterile 10 ml pipette 5 ea
sterile 1.0 ml pipette 4o ea
ice bath

Procedures:

B. Determination of Host Resistance:
The day before the lab session, inoculate from your mutant
culture slant into 10 mls of broth contained in a sterile flask
(125 Erlenmeyer). Incubate on shaker at 37 C overnight.
On the day of the lab 2.5 hrs before, prepare & young culture by
diluting the overnight culture 1:200 into 20 mls of warm broth
(0.1 ml into 20 m1). Shake for 2.5 hrs at 37 C for use in lab.
The E. coli B indicator and experimental cultures will be already
preparad and ready for use.
1. Prepare each of the following reaction tubes:
(a) 1.6 ml E. ¢coli B + 0.2 ml diluent broth,
(b) 1.6 ml E. coli B + 0.2 ml KCN (0.04 M),
(¢) 1.6 ml mutant culture + 0.2 ml diluent broth,
{d) 1.6 ml mutant culture + 0.2 ml KCN (0.04 M},
(e) 1.8 ml diluent broth
Allow to react for 5 minutes.
2. To each tube add 0.2 ml of phage (corresponding to the mutant
strain used).
3. Incubate at 37 C for 30 minutes.
4. Add 0.5 mli of chloroform to each tube. Sheke vigorously.
Allow layers to separate in ice bath.
5. Assay the agueous layers using the 7.5 ml soft agar overlay

for the following dilutions:
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(a) 1073, 10%, 10-%
(b) 1071, 1072, 1073
(e} 1073, 107%, 10-5
(@) 1073, 107%, 1073
(e) 1073, 107%, 1075
6. Incubate all plates 18-24 hrs. Count plaques and determine
the number of PFU per ml for each set.
Make comparisons and observe the significant results from
each experimentsl tube.

Draw conclusions a2s to the nature of host resistance to phage.
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PHAGE-RESISTANT MUTANTS

Mixed Indicators:

Phage-resistent mutants have served as useful selective
assay tools in detection of one virus type in a mixture of two or
more viruses. As observed, the mutant is usually completely resistant
to one specific phage, but susceptible to a second virus. One technigue
involved is the use of mixed indicators, a technique developed by
Delbruck (1) which permitted the assay of two phage types in a single
plating of a phage suspension. Equal parts of the sensitive bacterial
culture and the resistant mutant culture are inoculated and serve
as a composite indicator organism culture. The noteworthy feature
in the assay is that all plagues appear turbid as a result of lysis
of the sensitive strain and growth of the resistant strain (2). This

then serves as an index for identification of the virus type.
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PHAGE-RESISTANT MUTANTS

Cultures: PER STUDENT
E. coli 8 indicator (24 hrs)
Resistant mutant isolated (24 hrs)

Phage stocks (diluted to 107 PFU/ml)

Materianls: PER STUDENT

Pay prior to lab:

sterile 125 ml Erlenmeyer flask
sterile broth medium

inoculating loop

Day of the lab:

basal agar plates

soft agar overlay (2.5 ml)
sterile chilled diluent
sterile 10 ml pipette
sterile 1.0 ml pipette

ice bath

Procedures:

C. Mixed Indicator Assay:

67

Sml

Sml

1 ml of phage
type according to

mutant

1l ml of
another phage

l ea
10 ml1

l en

36 ea
36 ea
100 mls
3ea

20 ea

The day prior to the laboratory session, inoculate from mutant

stock culture into a sterile 125 ml Erlenmeyer flask containing
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10 mls of sterile broth. Incubate on shaker &t 37 C overnight

for use as an indicator culture.

The E. coli B indicetor (24 hrs) will be prepared and supplied

for use in the lab.

1. Select the phage stock corresponding to your resistant
mutant and & second phage type to which both cultures will be
susceptible.
Dilute each stock eppropriately to 107® dilution. Assay from
10™%, 1075 and 107® dilutions for the experiment as indiceted
below, using 2 replicate pletes per dilution:
() E. coli g indicetor (0.1 ml) + 0.1 ml phage dilution;
(b} Resistant mutant (0.1 ml) + 0.1 ml phage dilution;
(¢) E. coli B indicator (0.05 ml) + 0.05 ml resistant mutent

indicator + 0.1 ml phage dilution.

2. Repeat the above for the second phage type.

3. Allow the soft eger to solidify. Incubate &ll plates 18-24
hrs.

4. Count pleques and determine the phage titer for each.

5. Compere and comment on differences. Be sure to note in perti-

culer the appearance of plague morphology in eech assaey.
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LYSQGENY

A virulent phage such as the T phages adsorbs, infects, and
initiates lysis of the susceptible host cell releasing many phage
pProgeny (lytic cycle). Another relationship between & phage and a host
cell (and probebly more prevalent) is lysogeny in vhich & temperate
phage adsorbs to and infects a susceptible cell. After infecticn by a
temperate phage there are two possible cell responses depending on the

physiological status of the infected cell: (1) lytic response, the

entering phage enters the vegetative state, multiplies and forms mature
progeny phages vwhich are eventuslly released by cell lysis; (2) lysogenic
response, the entering phage genome (nucleic acid molecule) is repressed
and enters the prophage state which permits the phage genome to exist
unharmed in the cell but no infectious progeny particles are formed

80 the infected cell continues to metabolize and divide &s & lysogenic
bacterium. In lysogeny the infecting phage is maintained as & non-
infectious unit of phage nucleic acid devoid of any structural proteins.
The prophage can exist in two states ususlly dependent on the infecting
phage type : (1) chromosomsl State, the prophage has totally integrated
into the host chromosome and is replicated in unison with the host chromo-
some, thus all the progeny cells of & lysogenic cell of this type carry
the genetic potential to produce phage particles, (2) cytoplasmic state,
the prophage exists as a DNA molecule independent of the host chromosome
and replicates at a rate slower than the cell divides.Some of the daughter
cells of this type of lysogen will loose the ability to produce phage

particles.
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Lambdae (A) is an example of a temperate phage which can infect
E. coli K12 with either of the two above responses. The lysogen is
designated by following the name of the bacterium with the temperate
phage establishing lysogeny in parentheses, e.g., E. coli K12 (A)
indicates that E. coli K12 has been lysogenized by A. The prophage
of A exists in the lysogen in the integrated chromoscmal form. For the
A system, there is evidence to sugé;st that major determinant of the
fate of A when it infects & susceptible cell (K12) is the physiological
state of the cell. A cell which is actively metabolizing and healthy
will give way to a lytic response upon initia) infection by A. Alternatively,
a cell which is physiologically unhealthy will give way to a lysogenic
response, & "sick" cell is one that will probably not yield many progeny
Phages and it is to the infecting phage's advantage to wait around for
better cell conditions in order to get the maximum burst size. After
alls no self-respecting phage wants to replicate in a cell that's over
the hill,

A lysogenic cell shows almost no outward appearance of the
"symbiotic relationship between the cell and the phage except for the
Phenopenon of lysogenic immunity. Lysogenic bacteria are immune to
superinfection and lysis by the same phage type as the prophage it
carries. If this were not true then the phenomenon of lysogeny could
never have been observed. Immunity is distinct from phage resistance
because lysogenic cells are still able to adsorb the homologous temperate
phege type (compare this to the nature ol T-phage resistance in E. coli

Bj. Immunity is very specific since one strain of 11“35 phage mey not be
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able to superinfect a lysogen of E. coli Ki2 (11“35) but the wild type
3t would be able to superinfect E. coli K12 (11“35). The characteristic
for immunity is coded for by a small region of the phage genome which
is one of the few regions of the prophage which is functionally expressed
in the repressed prophage (another region which is expressed as the area
coding for the repressor molecule).

During cell multiplicstion some types of lysogenic bacteria
will enter the lytic cycle, spontaneously relessing phage. In others,
this genetic prophege is more stable and the presence of free phage within
the cultures is rare, i.e. the spontaneous background level is low.
There are several physical and chemica) agents (ultraviolet, X-ray,
nitrogen mustard, etc.) thet will induce the lysogenic cell to enter
the lytic cycle. A susceptible indicator organism must be used in assay=-
ing for the released phage particles, this must be a cell type that the
temperate phage cean lytically infect. In other words it cannot be a
cell strain which is immune to infection by this phage type nor can it
be a cell strain which is resistant to infection by this phage type. .
For the A experiments here E, coli K12 will be the indicator organism.
When the ) prophage is induced to enter the lytic cycle, it has become
excised from the chromosome and it enters the vegetative state eventually
causing the lysis of the cell to release new A progeny. The event of
A excision from the chromosome can be thought of as a consequence of

derepression of the repressed prophage.
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Materials: PER GROUP OF 3

9.9 ml blanks (1:4 saline to PA dilution blanks)

4.5 ml blanks (1:4 saline to PA dilution blanks)

soft agar tubes —— 7.5 ml of Tryptose-~phosphate soft agar

sterile plastic petri dishes

sterile glass petri dish

sterile screw cap tube

sterile 5" test tube

1.0 ml pipettes (used wherever you have to pipette .25 or
15 ml samples)

5.0 ml pipettes

10.0 ml pipettes

0.1 ml pipettes

pasteur pipettes

ml of K12 (1) 2.5 hr culture suspended in M-9 medium in
7" tube

ml of K12 indicator culture in 7" tube

centrifuge

aluminum foil

UV light

Method: This experiment will be done in groups of 3.

A. Student #) titer of lysogenic cells before UV treatment.

9 ea
13 ea

36 ea

20 ea

12 ea

13 ml

20 ml

1. Plate nonirradiated K12 (A} culture at various dilutions using

pour plate method. Put 0.5 ml of tube dilution into soft agar

tube and do not yse indicator, since You want a colony count.
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Meke duplicate plates of the tube dilutions 1073, 1078, 1077,
The titer calculated from these plates will be equal to the total
number of viable lysogzenic cells in this 2.5 hr K12 (X) culture

before UV treatment (No).

B. Student #2 control-spontaneous background level of free A particles.

2|

Plate nonirradiated K12 (1) culture &t various dilutions using
pour plate method, put 0.5 ml of dilution into soft agar tube

previously seeded with 6 drops of indicator K12. Make duplicate

plates of undiluted, 107!, and 10°2 samples. The titer of PFU’s
calculated from these plates will equal the number of free
infectious A found in the medium surrounding the lysogenic cells,
(PSB). Assume that this value is constant.

Explain why thése free infectious A particles exist in the
immediate surroundings of these cells (K12 [A]) without causing

clearing of the cell suspension as would the T phages?

C. Students #1, 2, 3 UV induction of K12 (i) cells.

3.

Student #3 pipette 8 ml of nonirradiated K12 {A) culture into

a sterile petri dish. {[The K12 (1) is suspended in synthetic
medium M-9 which is colorless.Why is the medium uged for
irradiating the cells?] Irradiate the culture for 2 seconds
with the glass 1id off. Why is it necessary to remove the glass
lid? Immediately afterwards pipette intc & foil covered screw
cap tube with a 10 ml pipette this irradiated culture. This tube
must be covered at all times with foil to¢ block out any light.

This will prevent photoreactivation repair of thymidine dimers in

! E?f;
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tue DNA caused by the UV.

Student #3 will assay the irradiated culture immediately after
it is put into the foiled tube. Using the pour plate method
pipette 0.5 ml of tube dilution into each goft agar tube which

has been previously seeded with 6 drops of indicator K12.

Make duplicate plates of 1077, 1075, 1075, 107" dilutions.

The titer calculated from this infective assay of the W culture
with no incubation {ICo) is equal to the number of UV induced
cells (Nuvi) plus the spontaneous background level of A(PSB).

To calculate the number of UV-induced cells:

Equation 1
Nuvi = ICo - PSB

To calculate the fraction of K12 (1) cells which were UV induced:

Equation 2

Student #2 will assay the irradisted culture immediately after
it is put into the foil covered tube in the following wsy.
Using pour plate method pipette 0.5 ml of proper tube dilution,

into each soft agar tube with no indicator. Maske duplicate plates

of 1077, 1076, 1075, 107" dilutions. The titer calculated from
those colony counts represents the number of viable noninduced
lysogenic cells wvhich survive the UV treatment (Nni) to calculate

the total number of cells which survive (Nts).

Equation 3 Nts = Nni + Nuvi
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To calculate the percent of the total K12 (A} cells that survive

the UV treatment:

Nts
Equation 4 survival rate = No X 100

As soon a&s possible student #1 should put the foil covered tube

in the 37 C incubator. Incubate for 90 min, to allow time for
all the induced cells to replicate and release progeny A.

After 90 min incubstion period student #2 needs to centrifuge

the lysate (remove the foil in order to get tube into centrifuge).
Being careful not to shake the separated layers transfer about

3 ml of the supernatant only to & sterile 5" tube to be used

by students 3 & 1 below. The pellet contains all debris, viable
noninduced K12 (A), and dead noninduced K12 (i) cells. The super-
natant contein infectious A particles.

Student #1 will assay the sbove supernatant for A particles.

Make duplicate plates of the tube dilutions 1076, 1077, 1078

by pipetting 0.5 ml of the tube dilution into a soft agar tube

previously seeded with 6 drops of indicator K12. The titer of

PFU calculated from this infective center assay of the UV

cuiture after 90 min incubation (IC90) equals the number of A
released by UV induced cells and the spontaneous background level
of free A, To calculate the average number of A released per

UV induced ¢ell:

number of A released from

Equation 5 L uret size = IC90 -~ P56 . UV induced cell
urst size Nuvi number of UV induced cell
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Assuming that this is & constant value for any lysogenic K12 (1)
cell calculate how many cells are responsible for the presence

of the spontaneous background level of free A (P56).

Equation 6
P56 _ # of cells which were spontaneously

burst size ~ induced to enter the lytic cycle
Why don't the progeny A particles newly released reinfect other
nearby cells during the 90 min incubation period causing the
release of more and more A7 In other words, why can we assume
that all the A progeny are the result of only one round of lytic
cycle from the UV induced cells and thus be able to calculate

the burst size with reasonable accuracy?

D. Student #3 Demonstration of Lysogenic Immunity.

9.

To each of two soft agar tubes pipette .25 ml of the original
nonirradiated K12 (1) {leftover from step 3) and .25 ml of the
supernatant obtained in step 7. Mix and pour into separate
plates. (Count the number of plaques, each student is to record

and explain the presence or absence of plaques on these two plates.

The following data table will be compiled by each student from data of all

3 group members. {Table on nex* page)
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Data Table: Lysogeny

Value to be Determined

Plate Counts
¥#Mube Dilutions to be Filled In

171

Titer

Totel # of viable K12

{A) cells before UV
treatment

#

Mo

Spontaneous background
level of free X

n

PSB

Infective center assay
of UV culture with no
incubation

Titer of UV induced
cell

Fraction of K12 (A)
cells yhich were in-
duced by UV

Eq. 2

ICo =

Nuvi

Titer of noninduced
viable K12 (X) cells
surviving Uv

Total number of cells

surviving the UV
treatment

Survival rate

Nts =

Infective center assay
of UV culture after 90
min at 37 €

Burst size for X

Number of K12 {}) cells

which enter lytic cycle

spontaneously

Eq. 6

1C90 =

Questions:

l. See step #2.
2. {a) see step #3.

(b} See step #3.
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3. Calculate the number of cells which were killed by UV treatment.

4, See step #8.

5. Explein the difference in plaque counts between plates made in step
9 and those made in step 8.

6. Postulate how UV irradiation increases the number of cells which
enter into the lytic infective cycle.

7. Describe the morphology of the A plaques on Ki2 indicator (size,
shape, degree of turbidity, presence of absence of halo, etc.).
In what characteristic does it significantly differ from ali of

the T plaques and why?

Q. , ' 90




Th MORPHOGENESIS: IN VITRO COMPLEMENTATION

BETWEEN DIFFERENT AMBER MUTANTS OF Th

Conditional lethal mutants fall into four groups: temperature-
sensitive (ts), amber (am), ochre, and azure. The ts mutants are
characterized by their ability to form plagues at 25 C (permiasive)
but not at 42 C (restrictive or nonpermissive). The mutated gene
in a ts mutant codes for a "mutant' protein that functions normally
at 25 C, but becomes inactivated at 42 C thus preventing phage pro-
pagation at the elevated temperature if this mutation has occurred in
an essential gene. This has been found to be caused by a single
base change in the gene causing the appearance of different codon in
the mBNA for that gene. This change in codon results in the substitu-
tion of a wrong amino acid when mRNA is being tramslated into the prolein.
Since the ts mutation is present but not expressed at 25 C, this per-
missive temperature must be used to isolate and propagate stocks of
ts mutants.

The smber mutants were initially cheracterized by their
abilicy to grow lytically on certain strains of E. coli but not on others.
The permissive strains of E. coli, those that support propegation of
am mutants, are designated phenotypically Su+. The nonpermissive
strains of E. coli do not support the propagation of am mutants and
are phenotypically designated Su . Amber mutants result from a single

base substitution in a gene that changes a mRNA codon for an amino acid
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to UAG, a termination codon. Since this UAG codon appears somewhere

in the middle of the gene's mRNA, when it is translated in & nonper- |
missive cell (Su™) instead of plugging in the proper amino &cid es |
the normal codon would have, the UAG codon stops the elorgation of that
polypeptide chain. This "nonsense" mutation, when expressed, results
in the formation of an incomplete polypeptide which is nonfunctional
because the rest of the pormal codons in that mRNA following the UAG
amber codon are not transleted. The fact that phage am mutants can
grow in certain permissive cells means that these amber nonsense
mutations are guppressible. The permissive cells are able to support
propagation of am phage mutants because they possess a species of tRNA
not found in the nonpermissive cells. This different species of tRNA
mis-reads the UAG amber codon &s & codon for an amino &cid; therefore
the polypeptide chain synthesis is continued without early termination
resulting in the formation of the functionel protein and sallowing the
am phage to replicate in the Su+ cells just like & wild type phage.
A suppregsor mutation by definition is one that occurs in a location
other than the original mutation, but causes the phenotypic loss of
the original mutation.
The ochre and azure mutations are suppressible nonsense
mutation just like the am mutation; but, whereas the nonsense codon
for amber is UAG, the nonsense codon for ochre is UAA and for azure
mutants it is UGA. In X the amber mutation (UAG) is called sus, e.g.

A sus C1-
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As in the ts mutants these am, ochre, and szure conditional
lethal mutents can only be isolated and propagated in permissive con-
ditions (Su® cells) so that the lethal nonsense mutation is not
expressed even though it is present. The lethal nature of the mutation
is seen by infection of & nonpermissive host where no infectious phage
progeny gre made, i.e. the lethal nature is conditional, only seen under
certain conditions.

The use of conditional lethsa) mutants of T4 has not only
helped to map the position of the different genes, but it has also helped
to uncover the exact function that those gene products are responsible
for during the production of phage particles. Conditional lethsal
mutations can occur in the early genes which are concerned with the
inhibition of host macromolecule synthesis, the synthesis and regulation
of phage DNA synthesis and lysozyme synthesis, but for the purposes
of the following discussion of T4 morphogenesis these will be ignored.

Viral morphogenesis msay be defined as the process by which the
completed infectious unit is assembled from its previously synthesized
component parts. The particular mutations you will use in the lab are
all amnber mutations which effect morphogenesis (maturation) of the Th
phage at various stages. The late genes are primarily the maturation
genes, and at least 40 different genes are required for Th assembly.
Inciuded within this class are genes coding for head morphology {e.g.,
gene 23), tail, sheath, and tail fiber protein components. When various

am mutants are grown in nonpermissive cells no mature particles are
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agsenbled, but the cytoplasm of these cells do contain a large Sccumu~
lation of recognizable parts of the phage, except for the one effected
by the ember mutation. Therefore, Su” extracts made in the way described
in experiment ITA will contain heads with no tails if the am mutation

is in a ta1l gene, or heads with tails but no tail fibers (e.g. T4 am
N52, B252, and XME), or complete tails but no heads (e.g. ThamBl7).

W. B. Wood {1966) has elucidated the functions of some of
these morphogenic genes, specifically those inveolved with tail fiber
formation by the study of complementation between morphogenic amber
mutants in vitro. When Su” extracts containing particles without tail
fibers are mixed in vitro with Su™ extracts containing normal phage
tail fibers, the two cumponents combine (the head-tail assembly combines
with the tail fiber) to form infectious pahge. Thus, the tail fiber
components present in the extracts of nonpermissive cells infected
with various tail-fiberless amber mutants can be analyzed by their
ability to complement each other in vitro. Su™ extracts of am mutants
with different maturation gene defective will complement each other
when mixed in vitro, thus resulting in the in vitro morphogenesis of
active phage. The detection of infectious particles from such a mix
indicates that complementation has occurred. When Su” extracts of
amber mutation with defects in the same maturation gene will not
complement each other and no infectious phage can be degected, comple-
mentation did not occur.

Conditional lethal mutants are just one of & large number of

different groups of mutations that have been extensively used, for the

Q 5}‘1
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analysis of phege genetics. Ever since their discovery in A {Campbell
1961) and T-even phages (Epstein 1963; Edgar 196L4) they have become
increasingly more important for the fine structure analysis of these
phage genomes for the following reasons: {1) Conditional lethal
mutations are not restricted to any one set of genes, and theoretically
almost every gene in the genmome can be effected, thus allowing complete
mapping. (2) Since these mutations in any gene can be isolated and
propagated uynder permissive conditions, mutation effecting essentiel
genes can be anselyzed by following ihe course of infection under non-
permissive conditions where the lethal genetic defect shows up. This
allows the analysis of essential biosynthetic or morphogenic steps
which can not be done with other types of nonconditional lethal muta-
tions. Plaque morphology mutants {r) and host-range mutants (h) are

not mutants in essential functions since the phage can still propagate
when the mutation is expressed {by definition an essential gene function
is one that when mutation in that gene is expressed there iz no productive
replication). Conditional lethel mutants can propagate under permissive
conditions but Just like other types of mutations in essential gene
functions when the conditional lethal mtation is expressed (non-
permissive conditions) the phage can not propagate. {(3) Complementa-
tion tests ¢an be carried out hetween two conditional lethal mutants to
determine if the conditional lethal mutations occur in the same or
different genes. Complementation testing is a fast and reliable way

of determining the number of genetic functions {genes) represented in

a large population of randomly isolated conditioned lethal mutants.
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Experiment I: Host range of Th Amber Mutants: Sut vs Su™ cell types.

Maturation
Protein Step
E. coli Gene Component Blocked in
Strains Anber Mutants Effected Coded For Su” Cells
head capsid
K12 Th Bl 2
em B17 gene 23 component assembly
K12(x) T4 am N52 gene 37 tail fiber
component tail fiber
assembly
8 Th am B252 gene 35 tail fiber at different
component steps
34, all qifferent
CR63 Th am XNE geres 31s eren
35, 37 & 38 tail fiber
components
Materials: PER PAIR OF STUDENTS (for part B only)
tryptose-phosphate sgar plates L ea
FA goft egar tubes each with 3.0 ml k ea
pasteur pipettes 8 ea
Lorce inch tubes with .3 ml of phage stock
(1 for each phage type) L ea
tiree inch tubes with 1.0 ml of 24 hr cell culture
(1 for each cell type) L el

Metnod:
A. Preparst_on of the phage stocks.
1. Euch amber mutant was grown in s log culture of a permissive
cell {Su’) type (one of the four listed sbovel.
2. ‘ihe infected cell culture was vigorously aerated for 6-10 hrs

at 30 € to allow for phege replication.

ERIC 36
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.. 3. Afterwards &ll the cells were lysed with CHClg; centrifuge

the lysate to remove cell debris and CHCl3. Each lysate contains

vhole infectious T4 phage particles, all of which still contain
the specific gmber mutation in their genome.

B. Spot testing L cell types with different Th amber mutants.
1. Preparation of lawn using overlay method. Inoculate a 3.0 ml

soft agar tube with 4-S5 drops of indicator Ki2 using a pasteur

4 pipette. Mix and pour onto an agar base plate and label it

with strain type. Repeat this for the other 3 strains, let all
plates solidify for 15-20 min.

After overley of the L plates has solidified mark off the bottom
of each plate intc quadrants. On one plate the 4 different
phage stocks will be spotted, label the U phage types in the b
sections found on each plate,

Using a pasteur pipette put one drop of Th am XLE in its quadrant
on each of the b different plates K12, K12 (), 8, CR63. Repeat
this for the other 3 phages using s fresh pesteur pipette each
time. Let the spots dry and jncubate for 15-18 hours.

Record the data in & table like table I by using (++) for a spot
that ceuses complete clearing of the lawn; (+) for spot that

is not as cleared and (-) for a spot that causes no clearing

, of lawn. Remepber these spots are not plaques, and simply show
the presence or absence of phages able to enter productive

(1ytic) infection in that cell strain. However, in some cases

when the spot is very turbid small plaques can be seen. This

7
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TABLE I.

suggests that the nmber of phages able to lytically infeet
that cell type is very small; therefore, confluent lysis in

spot is not seen.

amB1T amB252 amN52 amXLE-

K12x -
8
CR63

Degseribe and explain any unusual or significant appearances
of the spots (e.g. the'appearance of distinet plaques within

a cloudy spot). Explain why the T4 amber mutants can cause

86

the clearing of the lawn of one E. coli strain but not another?

Be specific. What can you cozelude about the genotype (sut

or Su”) of each of the above strains, i.e. which are permissive

and which are nonpermissive?

Questions:

l. Does

the presence of a A prophage effect the ability of K12 to

support or not support lytie infeetion hy =any of the amber mutants?

2. Which of the above E. coli strains could be the best to use in the

preparation of infectious phage stocks of these amber mutants

(steps IA)?
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Experiment II: In Vitro Complementation Between Cell-free Extracts of

Nonpermissive Cell Infected With Two Different Amber Tail Fiber Mutznts.

Matexrialg: PER PAIR

soft agar tubes {7.5 ml) 3 en
sterile plates 3 es
1 ml pipettes b es
pasteur pipettes 3 en

3" sterile tubes

ereeds B T

3" tube with 1.5 ml of ThamBl7 extract les
3" tube with 1.0 ml of TLamNS2 extract 1 es
3" tube with 1.0 ml of ThamB252 extract 1 es

2.5 ml of E. coli CR63 indicetor {see ITA steps 1-6)

Method:
A. Preparation for each cell-free extracts of ThamN52, ThamB252 and
ThamBl7 (Expt. I1I).
1. Prepare at 37 C two 200 ml* batches of log culture of E. coli
B containing spproximately 4 x 10% CFU/ml (in 1 liter flasks).
*For ThamBl7 need two 200 ml batches snd one 100 ml batch of
cells, Resuspend the cells in 50 ml instead of 40 ml of buffer.
2. Cool the log culture down to 30 C on a shaker for infection,
infect at a MOI of b PFU/cell with the desired phage genotype
(as prepared in IA) and serate vigorously at 30 C for 30 min.
3. After 30 min chill the culture in ice water hath to stop all

phage replication before the cells lyse.
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Concentrate the cytoplasm of infected cells by centrifuging it

5,000 x g for 10 min to pellet g1l the infected cells.

" Resuspend the cell pellet in 40 ml of buffer (0.039 M NayHPO,,

0.022 M Ki,P0,, 0.07 M NaCl, and 0.01 M MgS80, at pH 7.k4) containing
10 ug/ml of DNase.

Distribute the resuspended cells into 3" tubes each with 1.0

ml (except ThemBl7 each tube should have 1.5 ml). Freeze the

cells at =70 C in a dry ice ethanol bath for 15 min, then thaw

at room temperature to break open the cells.

() These extracts do not contain fully assembled infectious phage,

the phage maturation process has stopped at the step that
involves the structurs] protein coded for by the gene con-
taining the amber mutstion.

(b) The DNase bresent in the buffer will degrade all cell DNA

and a1l naked phage DNA; therefore, unless the phage DNA

has been packaged in the capsid it will be degraded.

(c) Extracts prepared by method above for Tham B252 and Tham
N52 will contain heads with tails (tail-fiberless particles)
and will glso contein all the tail fiber proteins except
the one coded for by the defective gene. Extracts of Tham Bl7
will not contain any stable assembled heads since this am
mutation blocks the synthesis of th? capsid protein, thus

blocking maturation before phage DNA is surrounded by the

capsid.
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7. PFor storage, the extracts may be refrozen at -70 C and stored at
-20 C until use in order to maintain the activity.

8. Repeat the above procedures for the other two phages.

Cell~free extract complementation between different amber mutant

extracts prepared from nonpermissive cells.

1. Since complementation is en sll~or-none phenomencn the assay
of the extract mixes will be done by a spot test on & lawn of
CR63.

2. Preparation of extract mixture.

(a) The following combinations of mixtures will be made:
ThamN52 + ThamB252
Thami52 + ThamBl7
ThamB252 + ThamB17
(b) The mixtures will be made by the following steps:
(1) Pipette 0.5 ml of N52 extract into & clean 3" tube
(0.5 ml will be left in originel tube whieh will be
used in #3 below).
(2) To the clean 3" tube (now with 0.5 ml N52 extract)
also add 0.5 ml of B252 extract using a fresh pipette.
(The original tube of B252 will have 0.5 ml left in it
and it will be used in #4 below.) You now have made
N52 + B252 extract mix.
(3) Using & fresh pipette add 0.5 ml of B17 extract to
the original tube of N52 with 0.5 ml of N52 extract

left in it. {You now have made the N52 + B17 extract
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mix) and add 0.5 ml of Bl7 extract to the original
B252 tube with 0.5 ml of B252 extract still left.

3. Due to limited materials the controls will not be done. The
controls would consist of incubating at 30 C each extract separately
for 60 min, then plating them on & lawn of CR63 also.

4. Preparation of indicator lawn for spot test.

{a) Before the 60 min incubation period is up seed three 7.5 ml
soft agar tubes each with 0.5 ml of CR63 indicator. Mix and
pour into 3 sterile empty plates. Label one of each of the
above mixes made.

{b) When plates have solidified (30 min) divide the bottom of
each plate into halves.

(c) Using a pasteur pipette place 1 drop of N52-B252 mix on each
half of this plate. Repeat for other 2 mixes on other 2
plates using féééh pipettes.

{a) Allow the drops to dry then incubate 37 ¢ for 15-18 hrs.
Record data in the follo;ing table, use {++) to indicate
the presence of a very clear spot, (+) to indicate a slightly
turbid spot, and {-) to indicate no clearing of lawn. The
clear spot in the lawn demonstrates thet infectious phege are

present in the mix.

TABLE II:

lawn of cell/mixtures N52 + B252 N52 + BlY B252 + BT
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Explain the following (be specific):

1. Why was E. coli 8 and not CR63 used to obtain the cell extracts?
(see 1IA)

2. Why was CR63 and not B used as the indicator in step 1IB?

3. What results would you have expected to see on the control plates
(1IB2) if they were assayed after 90 min? And Why?

What conclusions can you draw about:

1. The origin of the PFU’s detected in the reaction mixtures after 60 min,
i.e., how 414 these infectious phages arise if there were none in the
original cell-free extracts (IA6)?

2. The number of genetic functional loeci involved? Do the genetic loci
that code for proteins 23, 35, and 37 belong within the same gene or
gre they in separate and distinct genes of the TU4 gename? Explain
what you know to be true in, terms of what experiment II specifically
demonstrates.

Questions:

1. Given a series of morphogenetic amber mutents of Th, design an
experiment to classify each of them as to the functional components
they produce under nonpermissive conditions. That is, how would yoﬁ
determine whether a given mutant synthesized a functional head,
functional tail fibers, both, or neither when an Su™ cell was infected
with 1t?

2. In the extract complementation experiment {part IIb}, the tail fiber
components missing or defective in each of the mutant extracts was

effectively replaced in the complementing reaction by an active
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component from the other extract. Presumably then, the completed

tail fibers combined with tail fiberless particles already present

" in eaech extract to yield infectious phage. Design an experiment to

determine if tail-fiberless particles from one or both of the
extracts were utilized. (Hint: How can you determine if the phage
particles isolated from spot of the complementation mixture on

the CR63 lawn consists of just one or the other of the parental
genotypes or can both parental genotypes be isolated from the same
spot?)

In pert 11B, which of the genotypes are present in the spot of the

lawn of CR63 from mix N52 + Bl7? From mix B252 + B1l7?
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ENZYME INDUCTION ot

Living organisms are endowed with a naturasl constitution of
functioning enzymes. These are "constitutive enzymes," which are alwaeys
present and synthesized by the cells, as distinguished from "inducible"
or "adgptive" enzymes which are otherwise not present in apprecisble
amounts and produced only in times of cell requirements (8).

One of the most carefully studied exsmplas of enzymatic
induction is thet of B-gelactosidase, mainly from the work of Monod
and his workers in Escherichia coli (2, 11). Its synthesis is
illicited in the Presence of lactose, a B-galactoside suger, and is
deemed necessary for the utilization of the sugar. Lactose ogecurs as
s naturel substrate for B-galactosidase, serving effectively as a
metabolizable energy source and enzyme inducer. This dusl relationship
has been studied for various other gelactosides (15), e.g., seversl
thiomethyl-p-D-galactoside (TMG)}, an a-galactoside melibiose, and a
synthetic sugar isopropyl-thio-g-D-galactoside. These have been ob-
served to act a8 suitable inducers, but npot metabolized by the enzyme.

The introduction of the appropriate inducer will initiate
enzyme formation. This reaction, hcwever, may be inhibited by the
addition of exogenous energy sources in the form of carbohydrates.
Various sugars, e.g., glucose, mennitol, xylose, ribose, fructose,
and glycerol have been tested and observed to be effective inhibitors

at varying degrees (3, 4, 1%). However, glucose has demonstrated to
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be the most potent and characteristic inhibitor in the carbohydrate
group. The persistence of this inhibition varies as a function of con-
centration of the exogenous energy source. At high concentrations,
complete inhibition occurs since the external energy source will be
continually utilized in preference to the inducer. At limited concen-
trations, however, the inhibitory effects are apparent for only & short
period, at which time the exogenous source has become exhausted.
Recovery commences and induced enzyme synthesis resumes.

Early investigations (3, U, 12) have shown that it is possible
t0 render cells partially pesistent to such inhibitory effects by "pre~
induction,” i.e., prior expogsure of cells to the inducer substance
before addition of the exogenous energy source. The degree of resistance
depends on the induéer-enersy source concentration ratio as well as the
length of the pre~induction period.

Bacteriophage infection of & susceptible host cell initiates
& chain of events that significantly alters the metabolic machinery
of the host, especially the immediate cessation of protein synthesis
(10), nearly all bacterial enzymes and mRNA production (5). Phage control
directs utilization of the cell pool of nucleotides, amino acids, and
some cell enzymes for its own replicative ,.ocess. 1In addition, phage
infection promptly arrests the induction of repressed host cell enzymes
(1). This phencmenon has been extensively investigated for T-even phage
infection of Escherichia coli (6, 7}, comparing similarity in effects to
inducer removal, the nature of enzymatic kinetics, and varying conditions

of preinduction.
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Early applications of different chemical and physical techniques
to measure galactosidase activity provided little satisfactory results.
Some interest was developed when the introduction of a chromogenic sub-
strate to measure enzyme activity proved successful. An artificial
chromogen, ortonitrophenol-g-D-galactoside (ONPG) had been prepared (16}
and first applied by Lederberg (9) to the study of the induction pheno-
menon in Escherichia coli, based upon coloriometric determination as
a direct measurement of B-galactosidase activity. ONPG represents
8 colorless chromogenic substrate which when cleaved in the presence
of B-galactosidase, liberates o-~nitrophenyl, a yellow compound with a
measurable absorption peak at h20 mp. Employment of ONPG have provided
8 direct, rapid, snd specific method for the detction of the B-galactosidase

enzyme within a few hours.
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ENZYME INDUCTION

Cultures: PER STUDENT

E. coli B (2.5 hours - grovn in synthetic M9 medium
containing glucose) (centrifuged and dispensed to pellet)

Phage stock diluted to 5 x 10% PFU/ml in synthetic M9

without glucose, T2

Materials:

0.5% Lactose in symthetic M9 without glucose
0.5% Glycerol in synthetic M9 without glucose
Synthetic M9 without glucose

oNPG (0-nitrophenylgalactoside)

14 K,C04

Toluene

Demineralized water

Sterile screw cap or stoppered tubes

Sterile dilution tubes (15 ml volume)

1.0 mi sterile pipettes

10 mt sterile pipettes

Spectrophotometer (per class)

Blank for spectrophotometer containing 4.5 ml demineralized H,0
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60 mls

3 mls

40 mls
20 mls
50 mls
9 mls
25 mls
S mls
100 mls
2k ea
L ea
5 ea
15 ea
2 ea-

2 ea
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ENZYME INDUCTION

Procedures:
1. Each student will resuspend a centrifuge pellet of E. coli # (60 m1s
of a 2.5 hour culture) with 8 mls of synthetic M9 mediwm (no glucose).

Divide equally and transfer to each of U} test tubes.

. @
Label the experimental tubes as follows:
5
. A = phage infected culture + lactose inducer
o B = normal non-infected culture + lactose inducer
C = normel non-infected culture + glycerol
D = normel non-infected culture + no inducer
2., Perform the following for each tube:
Tube A Tube B, C, D (each)
Resuspended Pellet Resuspended Pellet
+ +
Add 1 ml T2 phage Add 1 ml of synthetic medium w/o glucose
Shake srspension Shalkte culture
Wait 2 min 1 Wait 2 min
Add another 1 ml T2 Add second 1 ml synthetic medium
w/o glucose
Sheke. Shake.
l Wait 2 min. l Wait 2 min.
Bring up to 15 mls with 0.5% lactose B c D
+ + +
Bring up to Bring up to Bring up to
15 mls with 15 mls with 15 mls with
0.5% lactose 0.5% glycerol synthetic
nedium w/o
Enzyme Assay [ \ glucose

Enzyme Assay Enzyme Assay Enzyme Assay
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For the enzyme assay, 2 ml samples will be taken from each tube at

30 min intervals (0', 30', 60', 90', 120') and treated as described:

(a) Add the 2 mls to a tube containing 0.2 mls of toluene. Shake

(v}

(¢}
(¢}
(e}

vigorously for 2 min. Yncubate in 37 C water bath for 30 min,
shaking at 10 min intervals for 1-2 min.

Remove from 37 C after 30 min and add 0.% ml of ONPG indicator.
Shake. Allow to incubate at room temperature for 15 min.

Add 1 ml K,CO, (1M) to stop the reaction.

Add b mls demineralized Hy0. Mix.

Allow tubes to stand for about 15-30 minutes before transferring
an sliquot ("4.5 ml} to a spectrophotometer cuvette for optical
density reading at 420 mu.

(Be sure to use the game machine throughout the experiment.)

Record all data and plot optical density readings as a function of

time for each get.

Compare significant differences observed.
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DRA EXTRACTION

The nucleic acids represent important universasl constituents
of biological systems. These macromolecules were originally reported
by F. Miescher whose work with that of A. Koseel and Hoppe-Seyler
provided initial information on class characteristics and component
parts of nucleic acids (€). There are two classes of nucleic acids --
deoxyribonucleic acid (DNA) and ribonucleic acid (RNA}. Both types
are present in most cell systems, e.g., eukaryotes and bacteria, whereas
viral systems generally possess either DNA or RHNA.

Successful apalyses of nucleic acids depend on the effective-
ness of the method in preparation of experimente] samples. For example,
to obtain DNA several important factors should be considered when choosing
s suitasble method of preparation: cell breakage, nuclease activity, and
mechenical shearing (S5a). Insufficient cell breakage fails to release
and provide optimal quantities of DNA. HNuclease activity, if not suitably
inhibited, results in degradation of the molecule. Some mechanical
damage is also apparent, especially shearing of the molecule when hanéling
and transferring the DNA sample.

At present, many of the DNA extraction procedures involve the
use of two principel agents, an anionic detergent and s chemical solvent.
Employed for the initis]l extraction step, the detergent serves effectively
to release mecromolecules from membrane struatures as evidenced by the
increase in viscosity of the amixture. One of the most commonly used
detergents is the sodium salt of dodecyl or lauryl sulfate (SDS}, a

poverful sgent with an apparent ability to inhibit enzyme activity,
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denature some proteins, and whose negative charge gids in preventing
interaction with the nucleic acid {S5c). It should be noted that the
lithium salt of dodecyl sulfate (LDS) has also been employed occasionally,
as well as the more recently introduced amide derivative of sodium dodecyl
sarkosinate. In gome extractions, lysozyme has been used to aid in cell
lysis.

Earlier methods employed chloroform for cell disruption (8).
Phenol was found to Provide a more efficient reagenft for purificetion
of the nucleic acid, i.e., for deproteinization. Phenol treatment,
when conducted with & slightly alkeline hgrfer, will &8id in the extraction
of DNA from cells with little subsequent RNA contamination (5d). Further
purification may be accomplished by treatment with specific ribonucleasses
which digest RNA and facilitate separation from DNA, and/or pronase, &
non~specific, highly active proteinase, to eliminate residual protein
contamination. Alternatively, the DNA preparation may be precipitated
and washed in ethanol before dissolving in buffer. This procedure may
be repeated seversal times for complete purification.

The various extraction techniques described by different workers
(1,2,54,6) follow these basic procedures with slight modifications of
buffer and reegent concentrations: cell disruption with removal of debris
and protein by denaturation and centrifugation, followed by purification
of the nucleic acid sample. These methods have been applied success-
fully to igolation of a variety of bacterial DNA's and extended to extrac-
tion of phage DNA (1,5e,6). A recent report has described s more convenient
and rapid procedure for separation of phege nucleic acid by simply

incubating the crude lysate in the presence of & sodium perchlorate
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solution (NeCl0,) at appropriate concentrations of 4-6 M (3,5f). The

free pucleic acid is released into the perchlorate within a few minutes

and carefully collected. This method has proven successful for the various
T-phages and A of E. ég;;, some phages of other bacterial species, several
RNA phages, and some plant and animel viruses (5¢f).

A speciel use of this perchlorate procedure enables a rapid
technique for preparatibn of purified phage DNA from lysates immediately
after lysis. This is accomplished by ultracentrifugation of the lysate
with perchlorste and sucrose (4). Experiments are still being conducted
to determine the details of the mechanism of nucleic acid release,
especially of time-concentration dependency, precautions in denaturation,
further extraction of other bacteriel] and animal viruses, and the nature
of the DA product.

It should be considered that an extraction technique proves
feasible when it yields a satisfactory product, especially one of a
native, highly polymerized state &5 well as one which is free from protein,
lipid, sugar or RNA contamination and free of inorganic sslts and other

impurities (2).
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DNA EXTRACTION

Cultures: PER STUDENT
E. coli B (centrifuge 100 mls of broth culture as & pellet and wash
with seline-citrate buffer)

1 ml pecked cells {distributed in & 40 ml centrifuge tube)

Materials: PER STUDENT Amt .
1ysing medium (Egg white lysozyme, 4 mg/ml)} 5 mls
SDS detergent (1.5% SDS in saline-citrate buffer) 15 mis

saline-citrate buffer (0.15 M NeCl:0.015 M sodium citrate) 10 mls

veter-saturated phenol, 80% (preferably distilled) 15 mls
95% ethanol 100 mls
ether 5 mls
serew-capped 40 ml conical centrifuge tube lee
Pasteur pipette 1l es
10 ml pipette 5 ea
stirring glass rods 10 es
dry ice~ethanol bath 1l es
ice bath

clinicsl swing bucket centrifuge

Procedures: Extraction of Bacteriel DNA

1. Add 4 mls of lysing medium slowly to 1 ml packed cells of E. coli 8

previously washed with ssline-citrsate buffer and conteined in & 4O
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ml centrifuge tube. Gently mix to resuspend cells and to cobtain a
smooth suspension.

Freeze the mixture in a dry ice-ethanol bhath and thaw at 37 C three
times.

Add 10 mls of SDS detergent, gently stirring continucusly for 30
minutes with a glass rod. This will disrupt cells and aid in
releasing membrane structures.

Add an equel volume of redistilled, water-saturated phenol (80%),
about 15 mls. This will give a total volume of 30-35 mls.

Gently roll the tube by hand continuously until s smooth, homogenous
mixture is obtained (30-45 minutes).

Chill the mixture. Centrifuge at 3000 rpm for 15-20 minutes.
Collect the aquecus layer carefully with a wide-bore Pasteur pipette
(break tip off). This aids in limiting mechenical shearing.
Re-extract the phenoi-interphase region by addition of 5=10 mls of
saline-citrate buffer. Tip the tube back and forth several times.
Centrifuge at 3000 rpm for 15 minutes. Collect the aqueocus layer and
pool with that from the initis]l extraction.

Add 5 mls of ether to the pooled layers to removed the phenol.
Gently swirl and allow for separstion of layers by chilling in an
ice bath. Carefully remove the ether layer (top) with a Pasteur
pipette.

Residusl ether can be removed by bubbling the solution with nitrogen
for 15-20 minutes.

Selectively precipitate the DNA from the nucleic acid solution by
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addition of 2 times the volume with 95% ethanol (50 mls). Add slowly
while stirring with a glass rod to collect the fibrous DNA.
The DNA product may be suspended in 95% ethanol and stored at 4 C

in a covered container until use for base determinations.
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Alternative: Purification of DNA (Marmur method)
Materials: PER DNA SAMPLE
Dilute saline-citrate buffer 20 mis
Acetate-EDTA 3 mis
Isopropanol 20 mis
Glass stirring rod 25 mis ea.
¢ es:

1. Drain the spooled nucleic acid sample. Dissolve in 9.0 mis of

dilute saline-citrate buffer.

2. Add 1.0 mi of acetate-EDTA. With continually rapid stirring of the
solution with a glass rod, add 0.54 volume of isopropanol in a drop-
wige fashion. The DNA will selectively precipitate, leaving the
RNA and other molecules in solution.

3. Repeat steps 1 and 2,

4. wWash the precipitale in progressively increasing portions of ethyl
alchol (70-95%).

5. The sample can be stored in 95% ethanol at 4 C until use.
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Option: Extraction of Phage DNA (Ty)

Cultures: PER STUDENT

Ty pnage (10%-1010 PFU per ml) 100 mis
terials:

Saline-citrate buffer 5 mls

Water-saturated phenol (88%) 5 mls

capped centrifuge tubes (12 or 15 ml) 1 ea

dialysis bag (Visking No. 2 ~~ boiled in Na,CO, for 10 min.) 1 ea
500 mi beaker cohtaining saline-citrate buffer 1l ea
ice bath

clinical centrifuge

Procedures:

1. Remove debris from crude phage lysate by differential centrifugation
two times at 5000 x g (6000 rpm)} for 10 min. Pellet phage at --
35,000 x g for 30 min.

2. Resuspend phage in saline-citrate buffer at 1/50 of the original

volume (2 mls).

3. Titrate and obtain an optical cross-section (Apgg/titer) about
0.7-1.0 x 10!l em?/pPFU.

4. Transfer to a capped centrifuge tuybe (12 or 15 ml). Mix with an
equal volume of saturated phenol and roll in tube for 30 min.

5. Chill the mixture in an ice bath (0-h C}. Centrifuge at 3000 rpm
in the clinical centrifuge for 10 min. to facilitate separation of

the two phases.
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Carefully remove the phenol layer {bottom) with a Pasteur pipette

and discard. Add a fresh portion of phenol. Repeat this extraction

two more times with 10 minute rolling periods.

Transfer the aqueous layer to a dialysis bag and dialyze exhaustively
against saline-citrate buffer for 24-36 hours. The DNA may be retrieved
from the dialysis bag by carefully pouring the sample or with a wide-

bore Pasteur pipette.
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BASE DETERMINATIONS

Purine and pyrimidine components may be detected and esti-
mated as free bases. They can usually be released from pnucleic
acid samples hy hydrolysis with different acids, e.g., hydrochloric,
perchloric, or formic acids. The resulting vase hydrolysates can be
subjected to the various methods that have been developed for the
separation and quantitative analysis of nucleic acids and for the
identification of their components. One of the most feasible techniques
generally employed to study compcnents, especially of the purine and
pyrimidine bases, is the application of paper chromatography, first
demonstrated by Vischer and Chargaff (10) and Hotchkiss (). Success-
ful resolution of components depends on several factors, especially
sensitivity to varying environmental conditions (3). For example,
the rates of migration and final separation of the substances are
particularly influenced by the composition of the solvent, the pR,
temperature, vater and ion concentrations in the developing system.
Qualitative resolution is also affected by the type of filter paper
employed, as differences in paper grades will reflect verying mobilities
in the same solvent system. Interference hy metal ions or UV-adsorbing
materials in the paper may result in streaking and present an erroneocus
band profile. Equally important is the application of sufficient
amounts of the sample for analysis. Earlier studies required larger

quentities, usually milligrams, for effective results. However,
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special refinements in techniques (4) have enabled analysis of nucleic
acids in microamounts.

Detection on the paper chromatograms may he accomplished hy
several methods, €.g., chemical treatment by conversion of the base
to suitable salts (8) or treatment with mercury to form complexes
detectable with dyes of fluorescence. Hovever, the more general and
convenient technique utilizes the high and specific characteristic
uds;rption intensity for ultraviolet light hy the purine and pyrimidine
bases, which under UV light will appear as visidble dark regions or
shadows against the filter paper background. The separated components
are located and computed in terms of Rf values which reflect the rate
of migration and relative position of each substance. These may then
be eluted from the paper chromatograms for recovery purposes or
quantitative measurements by spectrophotometry (5a).

Recent application of thin-layer chromatogr;phy has provided
another effective and sensitive means to analyze nucleic acid components
(5b). These developments mainly involve the use of different types of
thin«layers suitable for efficient separation of the various bases and
other compounds {5b}., There also have Deen some reports of the use
of electrophoretic methods for base determinations {2,3). Quantitative
assays by the elution technique 85 well as absorption determinations
may be conducted in a fashion similar to those described for paper
chromatography.

Various refined methods are also available for further studies
of nucleic acids, especially for physical characterization. These

techniques provide separation and purification of various classes of
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DNA or RNA based on elution by charge and/or size of the molecules
through different types of columns, e.g., MAK (5c), nitrocellulose
(5¢), or hydroxyapatitie~-an inorganic, crystalline, insoluble salt
(1,7)--columns. Buoyant density methods have been applied with zone
sedimentation in sucrose gradients or sedimentation equilibrium in
cesium chlorige.

The introduction and application of these various chromatoe
graphic methods provided initial progress for nucleic acid research.
It led to the recognition of the composition profile of nucleic acids
from & variety of sources. Developments in techniques have sllowed
quantitative separation and estimation of individusl components with
respect to purine ang pyrimidine beses and other related substances.
Adaptation of refined techniques in elution columns and ion-exchange
columns have led to investigations on physical characterization ang
presented important knowledge of the molecular structure of nucleic

acids.
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BASE DETERMINATIONS

Chromatographic Determinations:

: Msterials:
Hydrolyzed DNA sample of each student as prepared by

the lab instructor 0.1 ml
PER GROUP OF STUDENTS (3):

— I T
R

Contrq} samples of individusl bases--adenine, guanine,

R
5

s :-"

i thymine, cytosine, S-hydroxymethylcytosine {(5-HMC),

uracil 0.1 ml ea
Control sample of mixture of all the bases 0.1 ml
Chromatographic filter paper {(Whatman no. 1) 1 sheet

Solvent system in large developing tank or jars—-
Isopropanol-HCl solvent 1
Isopropanol-NHy solvent 1

Lambda pipettes {50 lambda)--if not available,
substitute with Pasteur pipettes

Hand dryer

Scissors

Cellophane paper

Glass plates

Ultra-violet light source (lamp or hand light)

Procedures:

DNA samples will be provided as base hydrolysates prepared by acid
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hydrolysis with formic acid prior to the lab exercise by the lab

instructor.

Students will work in groups of three in preparation of paper

chromatograms and spotting of samples for analysis.

Each group of students should cut a sheet of Whatman no. 1 filter
paper (18" x 22"} in half to provide duplicate sheets (18" x 11"}.
Be careful to avoid frequent handling of the filter paper except
along the edges. Fingerprints may interfere with separation of
cammponents and subsequent band profile.

Spot 4L0-50 lambda of each control sample and the control base
mixture approximately 1.5 inches from the bottom of the 11" side,
making each spot 1 inch apart. Keep the spots about 1 to 1.5
centimeters in diameter. Apply & small portion of the sample
initislly; dry with the hand dryer. Then continue spotting

and drying until the appropriate amount of the sample has been
applied. '
Each student will then in turn spot his own hydrolysate (L0-50
lambda} in a similar fashion as the controls, repeating steps 2
and 3. Duplicate chromatograms will be prepared. At the top of
each, identify each sample and the type of developing solvent used.
The one-dimensionel ascending technique will be employed. When
all the sample have been dried, carefully Join the two ends of
each paper together (18" side) to form a cylinder. Secure with
staples.

Carefully place one chromatogram in the isopropanol-HCl system

and the duplicate sheet in the isopropanol-NHj3 system with the
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papers in stending position.

Allov the chromatograms to develop 18-24 hours. Remove and mark
the solvent front with pencil. Hang the papers to dry.

Using an ultra-violet light source, locate the Separated components.
Outline each spot with pencil on the paper itself.

Determine and record the Rf value for each spot, using this

formula:

distance of spot from point of application (cm)

Rf=
distance of solvent front from point of application (cm)

Compare your values with those given on the attached table.
If the components are well separated and distinguishable, the
chromatograms may be employed for quantitative assay of each component

by spectrophotometry.




TABLE. Rf Values for Purine and Pyrimidine Bases*

Solvent System

Base Isopropanol=-HCl Isopropanol-NHj
Adenine 0.37 0.32
Guanine 0.16 0.22
Cytosine 0.22 0.4k
Thymine 0.52 0.76
Uraeil 0.38 0.66
S-Hydroxymethyl-

eytosine 6.25 0.4k

*E. Chargaff and J, Davidson, The Nugleie Aeids, Vol. I,
Chapter 7, Academic¢ Press, 1955.

11k
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Option: Spectrophotometric Determinations

Sometime prior to the experiment, each group of students should
carefully cut out each outlined spot from the chromestograms. Shred
each disc sawmple and transfer to individual test tubes. Be sure to
properly label each sample and the developing solvent system used.

Submit &1l test tubes to the lab instructor who will prepare them
for extraction with HCl. Samples will be eluted and ready for centri-
fugation and optical density determinations by students during the

laboratory period.

Materials:

Eluates of each spot component submitted by students

Centrifuge tubes {12 ml or 15 ml) 1 per sample
Clean test tubes 1 per sample

Spectrophotometer cuvettes

Procedures:

1. Decant the eluate into clean centrifuge tubes and centrifuge at
3500 rpm for 15 minutes to pellet lint and other debris.

2. BSave the supernatant portion by decanting into clean test tubes.

3. Transfer each sample to spectrophotometer cuvettes and measure
at the adsorption maximum (260 my) using a Beckman DU spectro-
photometer. Be sure to include a corresponding blank solution at

the same adsorption maximum,
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ANIMAL VIRUSES: IN VITRO STUDIES

Cell culture research has proven to be an extremely useful
tool in virology, especially in providing cell systems to study
various aspects of host-virus interactions in vitro--the influence
of cell growth stage and type, virus replication, and progeny maturstion,
the synthesis and assay of interferon, end other indices of biclogicsl
activity.

Mammglian cells exhibit greater complexity in nutrient
requirements than do simple organisms such as bacteria. The diversity
of cell types presents various problems in spproaches to their cul-
tivation and propagation in vitro. It can.be expected that fluctuations
in environmentsl conditions, e.g., temperature, pH, oxygen and carbon
dioxide tension, redox potentisls will affect significantly the growth
and metsholism of different cells. Nutritional requirements including
inorganic ion concentration, energy source, amino acids, serum protein
concentration ss well &s the presence of specific growth factors will
vary from one cell line to another. In sddition, contaminstion presents
a continuing problem. With the introduction of antibiotics, there is
some spparent influence on cell multiplication and proliferation by
regson of some degree of cell toxicity.

One specia) characteristic of almost all cell culture
systems is that the most nearly ides) medis required for growth and

maintenance inverisbly contain serum. Serum is known to contain

a variety of proteins, enzymes, natursl antibodies, a few cytotoxic
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substances, and some growth factors whose nature still remains obscure.
Different investigations have been conducted to study the effects of
serum-free media on the nutrition and metabolism of various cell types
(2a,2b,12). These studies have indicated that comparable growth rates
and cell yields can be cbtained with serum-free and with serum-containing
media. Such observations, however, are limited to the cell types
employed and further investigations will be necessary before that can
become & general evaluation applied to all cell lines. A variety of
chemically-defined media have been developed and shown to support

growth of different cell lines in suspension systems (6,7,8).

The various types of serum-free media described differ
from one another in the addition of & component observed to be responsible
for growth stimulatory activity, e.g., lactalbumin hydrolysate, insulin
(2a, 3}, or different serum fractions such as serum atbumin (%,9,10,14,15).
Some studies have employed Bacto-Peptone, & heat-stable enzymatic
digest prepared from anims]l tissue, as & serum substitute (5). A
recent report conducted & biological titration of whole peptone and
fractionated peptone dialysates to look for stimulation of cell growth.
Results indicated that the different fractions isolated supported
growth, but to varying degrees (11).

With the introduction of growth of cells in serum-free media,
studies can be extended to determining the competence of such cultures
to support virus replication. Little work had been done in this area
except for a report by Walker et al. (16). A recent study has been

conducted monitoring virus growth and yields of Venezuelan equine




118

encephalomyelitis virus in serum-free and chemically-defined medium

in comparison to growth in serum-containing medium. Results indicate
virus multiplication in serum~free medium gives comparable yields
(13). A recent study exsmines the role of cell nutrition in enhancing
virus replication (1). The data presented show that nutritional
factors selectively added to cultures, and thus identifiable, played
an important role in virus replication.

Virus titer in animal cell culture often is determined by
the plague assay method, similar to that conducted for bacteriophage
titrations on e bacterial host. The method in tissue culture involves
infection or adsorption of the virus to a cell monolayer (sheet of
susceptible animal cells). A nutrient agar is placed over the cells
and later gtained with a vital dye to delineate virus plaques. This
technique was demonstrated to be a precise method for measuring cell
culture infectivity of several animal viruses (1). Various modifications
have been made since Dulbecco's 1952 report, including the use of
different overlays as well as additional supplements that may influence
or enhance plaque formation.

Agar has remained the bhest solidifying agent and is generally
accepted for routine titration of animal viruses. The availability of
alternative overlays hes been investigated. An early study reported
the use of methylcellulose gel as an agar substitute (2). Although
it appears less efficient, it does provide an alternative to agar for
special uses and is not toxic to animal cell tissue. Employment of

this agent has been applied to a recently introduced plague asssay
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gystem in the absence of a COz atmosphere using = bicarbouste-free
overlay (3,4). Generally, animal cells in culture are incubated in
a Cv‘.!i2 atmosphere. Results of these gstudies indicate an improvement
in plaque and virus yields with methylcellulose agar over those obtained
with Bacto-agar. The method has been employed successfully for the

titration of & number of animal viruses.
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IN VITRO STUDIES
=t T e————

I. Preparation of Cell Cultures: Chick Embryo Monolayers

Materials: PER PAIR OF STUDENTS

10-day incubated chick eggs 8

95% ethanol in beaker 1
Straight forceps (or egg cracker) 1

Curved forceps 1

60 mm plastic tissue culture plates 1

125 ml sterile flesk with megnetic stirring bar 2 -
125 ml sterile flask 2

50 ml sterile syringe 1
Centrifuge tubes, %40 ml ’ 1

Funnel with gauze layers 1
sterile 10 ml pipette 10
sterile 1.0 ml pipette 5

ice bath

Medis and Solutjons:

1x Eagle's medium, Nagle's medium 150 mls ea
0.125% trypsin 50 mis
Phosphate buffered saline (PBS) 100 mis

1x Henks' balanced salt solution 100 mls
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Procedures:

NOTE: It is important to maintain equipment sterility and carry out

manipulations under aseptic conditions.

1. Wash each incubasted candled egg by dipping in 95% ethanol. Allow
the eggs to air dry by standing eggs with air sac up. With &
sterile egg cracker or pair of sterile straight forceps (dipped
in alcohol and flamed), carefully break the eggs above the air sac
and remove all egg shell.

2. Using sterile curved forceps, remove the chick embryos from each
egg by the neck and place in & sterile petri dish. Decapitate.
Remove embryo bodies to a 125 ml sterile flask. Wash 2 times with
warm 1x Hanks' solution (37 C), 50 ml portions. Carefully pour
off the wash each time, flaming the flask mouth.

3. Remove the embryos into & 50 ml sterile syringe and mince into
another 125 ml sterile flask. Wash the tissue twice with warm
PBS, 50 ml portions. Decant carefully, saving minced embryo.

b, Add 3 mls of warm trypsin {37 C) per embryo to the mince. Place
on magnetic stirrer and trypsinize vigorously for 20 minutes. Prop
the flask to allow the tissue to settle. Gently pour the supernatant
fluid into & 125 ml flask containing 50 mls of complete Eagle's
medium. Keep on ice.

5. Repeat trypsinization for remaining tissue, adding 2 mls of trypsin
per embryo, for 10 minutes. Allow tissue to settle. Add super-

natant cells to the initial harvest.
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Filter the harvested chilled mixture through the gauze leyered
funnel into & centrifuge bottle. Centrifuge at 2500 rpm for 10
minutes (International centrifuge).

Decant and discard supernatant. Resuspend cell pellet into 20 ml
Eagle's medium by pipetting cells up and down several times.
Transfer to sterile 4O ml centrifuge tube. Ceatrifuge at 1500
rpm for 10 minutes. Note the quantity of packed cells.

Plates will be prepared in sterile 60 mm plastic tissue culture
dishes, adding 1 ml packed cells to each 160 mis of Eagle's
medium or 160 mi of complete Nagle's medium. Resuspend cells

in medium uniformly before addition to the media. Place on stirrer
to mix.

Seed each plate with 5 mls of the cell suspension with a sterile
10 ml pipette.

Gently mix by rotating plates several timeg back and forth.
Incubate at 37 C in a CO, atmosphere for 42-48 hours. Observe
for formetion of cell sheet or monolayer, checking at 4, 8, 16,
24, 3 and 48 nours.

See Figures L4-7, demonstrating cell monolayer formation during a

24 hr growth veriod.
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Figure L.

Growth of chick embryo fibroblest cells at t= O hrs.
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Figure 5.

Figure 6.

Growth of chick embryo fibroblast cells at t = 3 hours.

Growth of chick embryo fibroblast cells at t = T hours.
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Pigure 7. Growth of chick embryo fibroblast cells at t = 24 hrs.
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11. Plaque Assay with Sindbis Virus (or with Newcastle Disease Virus)

Cultures: PER PAIR OF STUDENTS
18-24 hours chick monolayers
Sindbis virus, LP and SP {10° PFU/m1)

NDV (105 PFU/ml1)

Materials:

1x Hénks' solution

sterile dilution tubes

sterile 10 ml pipette

sterile 1.0 ml pipette

agar-medium overlay (Mix 40 ml of 2x Eagle's medium with

4O ml of 2% Bacto-ager and maintein at 45 C until use)

Procedures:

Each pair of students will titrate a LP and SP virus stock.

1. Pipette or aspirate off the medium from each plate.

14 plates
lmnl ea

1ml esn

50 ml

10

20

80 mls

2. Dilute the virus stocks to the 10™% dilution. Plate (.2 mls of

1072, 1073, and 10~Y% dilutions, using 2 replicate plates per

dilution. Allow 2 ecell ecntrols eontaining no virus, only Hanks'

diluent.

3. Rock plates back and forth several times at 15 minute intervals.

Adsorb for 45-60 minutes.

k. Gently, with a sterile 10 ml pipette overlay each plate with 4 mls

of the agar-medium mixture per plate. Allow agar to solidify.
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Invert and incubate at 37 C in a €0, atmosphere for 2 days. Stain
with neutral red. Count plaques and determine the virus titer.

Observe any differences in plague morphology.

See FIGURES 8 and 9 for the characteristic plaque size.
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Figure 8. Ltcge Plague Sindbis on Chick Embryo Fibroblast Monolayers.

Figure 9. ©Small Plagque Sindbis on Chick Embryo Fibroblast Monolayers.
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IN VIVO STUDIES

Sindbis virus is a group A arbovirus (togavirus) that causes
acute encephalitis in newborn mice. The disease, however, does not
progress to death in young adylt mice {(1)}. These observations provide
the basis for an in vive study. Students will be able to observe the
pattern of developing resistance as a function of age, to monitor
virus dissemination through various tissues, and to determine interferon
and antibody levels. The results of such studies were reported in
detail in a recent paper investigating age-dependent resistance (2)}.

A second study hes al)so been presented extending investigations
into the histopathological changes that occur in subcliniea) infection
of young adult mice (1). The authors have included some in witro
studies by establishing cells derived from newborn and adult mouse tissue
in cultures and determining whether these exhibit susceptibility to

Sindbis infection similar to that seen in vivo.
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IN VIVO STUDIES

A. Inoculation of Mice

Animels: PER GROUP OF L4 STUDENTS

Newborn mice {1-3 days old), with mothers 12

i Weanling mice (20-25 days old) 18
Large plaque Sindbis virus (10* PFU/m1) b mls
Materials:
sterile disposable 1 cc tuberculin syringe, needle 4 ea

95% ethanol in a besker
cotton

ether

brown paper

brown tape

ice bath

Procedures:

Students will work in groups of b students, two students with the
group of newborn mice and two with the group of weanling mice. The
data will be compiled and computed by all the students. All students
ghould set up a working area for inoculation of the mice. Tape dowm
each corner of a sizable piece of brown paper. Have cotton, aleohol,
and ether on hand {(CAUPION: Turn off &1l Bunsen burners'!) Keep the

virus stock in an ice bath during the inoculation procedures.




The first pair of students will work with 12 newborn mice,
dividing into groups of 6 mice each, one set to he inoculated

intracerebrally and the second set intraperitoneally.

With a sterile 1 cc tuberculin syringe, draw up 1 ml of the
virus stock and replace securely into the syringe holder until
use for inmoculation. Tape the syringe to the bhrown paper. i
Apply ether to the cotton and anesthetize one mouse., Swab the
area with alcohol and inoculate with 0.05 mi of the virus stock. %
Proper injection procedures will be demonstrated by the lab
instructor. Avoid as much leakage of the inoculum &s possible,
Continue injections until all mice in each group have been
inoculated. Each student will then divide his 6 mice into groups
of 3 mice each to be placed in two different cages. One set

will be used for obtaining the virus harvest from tissues in

two days. The second group will be used to observe for mortality.
Label each cage of mice:

NAME

AGE OF MICE

ROUTE OF INOCULATION (IC or IP)

DATE OF INOCULATION

Check daily Zor the rate of mortality and record the date of
death. Remove and dispose of dead mice during this observation
period (1-2 weeks).

The second pair of students will work with 18 wennling mice,

separating into groups of 9 mice each, one set inoculated IC

and the second set IP. Follow the same Lrocuedures #us deseribed
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in steps 2-6. Each students, however, will divide his 9 mice
into groups of 6 mice and 3 mice to be placed in two different
ceges. Two days post-inoculation, 3 of the 6 mice will be
sacrificed and harvested for virus. The remaining 3 mice will
be sacrificed on day 5 post inoculation. The second group of
3 mice will be observed for rate of mortality. Maintain ob~

servations for l1-2 weeks.

Harvesting Organs from Mice

Materisls: PER STUDENT

one pair or large scissors 1l ea
one pair of small scissors 1l ea
95% ethanol

plastic petri dish

centrifuge tube (12 or 15 ml)

Procedures:

1. On the second day post-inoculation, students will sacrifice
the newborn gorup of mice and harvest from each the following:
brain, serum, spleen, and liver. On the second and fifth day
post-inoculation, students will harvest the weanlings.

2. The dissection procedures will be described and demonstrated
in detail by the laboratory instructor. Set up the working
area and meterials as before. Materials will be sterilized

by dipping in aleohol and fleming.
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Decapitate each newborn mouse and immediately collect the b.cod.
Pool from 8ll 3 mice. Place the blood in the refrigerator
overnight to clot. Loosen the clot from the tube wall and
centrifuge at low speed to gediment RBC. Transfer the super-
natant serum to a vial and freeze until assayed.

The orgens from each mouse will be obtained by dissection and
placed in one plastiec petri dish kept chilled in an ice bath.

Thiz eids in avoiding dehydration of organs, especially of the
mouse brain. To dissect, pour alcchol over the area of dissection.
Allow to drsin and proceed to digsect as described by the instructor.
Repeat procedures for each mouge. Immedistely freeze all organs
samples until assay.

When completed, wrap the animal carcasses in the brown paper.

This will be disposed of hy incineration.

Be sure to properly label each dish:

AGE OF MICE

ROUTE OF INOCULATION

ORGAN

DAY OF HARVEST
TITRATION SET 1, 2 or 3

Preparation of Tissue Homogenates for Virus Assay

Materials: PER STUDENT

Organ samples from eech mouse group

mortar and pestle, chilled and sterile 1 per organ

sterile centrifuge tube 1 per organ

{for weanlings)
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sterile tubes for centrifugstion 1 per orgen
{to contain less than 1 ml volume) {for newborns)

sterile PBS

sterile fine glass beads

sterile forceps

sterile test tubes 1 per organ

sterile 1.0 ml pipettos

sterile 10 ml pipette~

Procedures:

Each set of organs will represent one titration.

1.

Transfer &l]l plates to an jce bath. Set up a second ice bath

to chill the sterile mortar and pestles. It is best to do one
plate of organs at a time. First determine the weight of each
organ by weighing the entire plete. Transfer one organ to

a8 sterile mortar and pestle. Reweigh the plate. The difference
in the two weights represents the weight of the removed organ.
Repeat for the remeining organs. Record all weights.

Add a very small amount of sterile f*ne glass beads to each organ.
Homogenize the tissue. Then 8dd sterile PBS. The amount {in mls)
is obtained by multiplying by nine the weight of the organ.
Homogenize agein to obtain a uniform tissue homogenate. Care-
fully transfer to a tube and centrifuge at low speed for 10

minutes. Collect the supernatent fluid for assey.

Continue with the second set of organs and, then the third set of

organs 8s described in steps 1-2.
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D. Assay of Tissue Homogenate Samples
Materials: PER GROUP OF 4 STUDENTS
Chick embryo monolayer cyltures (18-24 hours), 48 for newborn
prepared earlier 96 for weanling
tissue homogenate samples
sterile PBS T00 mls
sterile dilution tubes 50 for newborn

65 for weanling

sterile 1.0 ml pipettes 120
sterile 10 ml pipettes 10
ice bath

agar-medium overlay (2x Eagle's medium with 2%

Bacto-agar), keep at 45 € when mixed 500 mls for
entire assay

Brocedures:

1. This will be conducted as a routine plague essay. Aspirate or
Pipette off the medium fyom each plate,

2. Inoculate plates with 0.2 ml of homogenate sample dilut.ons.
Adsorb 45-60 minutes at 37 C. Rock plates at 15 minute intervals.

3. Overlay each plate with 4 mls of the agar-medium mixture. Allow
to solidify. Invert and incubate under CO02 for 2 days. Stain.
Count plagues. Record as the number of PFU per mg of tissue.

4, ‘These are suggested dilutions to use when plating for the various

samples from each group of mice:
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Newborn -- 2 day harvest Brain =h,=5,-6
IC and IP Serun -2,=k,-6

Spleen -3,=4,-5

Liver -k ,=5,-6
Weanling -- 2 day harvest  Brain -3,=4,=5
IC and IP Serum -3,=h,-5

Spleen -2,=3,=k

Liver -2 ’-3 ""h
Weanling -- 5 day harvest Brain -2,=3,~4
IC and IP Serum -2,-3,~h

Spleen und,-1,-2

Liver ung,-1,-2

5. Evaluate the data obtained and make comparisons in the
two sets of mice as & function of host ege, route of inoculation,
mortality, and comment on virus dissemination to the various

organs.
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Results, Discussion, and

Experimental Data




PHAGE ASSAYS

Disec N, Results

In phage assays, the various factors that contribute to
the growth apd development of phage particles have already been
described. A few of these factors, e.g., the state and age of the host
indjcator,; the incubation period for plaque development, and nutritional

requirements have been investigated and compared under varying conditions.

a. Physiological state of the indicator host

Cultures of E. coli 3 grown in an enriched nutrient medium,
tryptose phosphate broth (TPO4), and in & synthetic medium of essential
salts and one carbon source (M9) indicated differences in cell concen-
trations when assayed for viable counts at 6 and 24 hours. Optical
densities were also observed. In TABLE I it was observed that cell
densities and concentrations were reproducible and comparable in the
TPO) cultures. However, M9 cultures gave low optical densities and
viable counts were not prepared. This situation was attributable to
the longer lag period required by cells for growth in synthetic
media {to be discussed in "Unrestricted Cell Growth" experiment).

Since the TPOL cultures demonstrated reproducible cell numbers,
an E. coli B culture grown either for 6 or for 24 hours was employed
a8 indicator host for the assay of phage Tl and compared. The results

in TABLE la indicated that the young culture may be used &3 an effective

138




£
i

139

indicator as the older culture and still provide comparable results,

It is important, however, to remember that cultures will vary from pre-
paration to preparation (TABLE 1), and that bacterial growth is influenced
by & variety of factors. Such varistions are attributable to the quelity
of the medium, the size of the initial inoculum, the amount and rate of
aseration, the optimal incubation period, the volume of media used, as

well as the surface area of the lncubating flask.

b. Plague development

Similar factors also affect the yltimate size, appearance, and
numbers of phage plaques. The appearance of the first plaques may be
detected within several hours after incubetion. This may represent
initie)] numbers or final maximel numbers for different phages. When
plague development has been completed, it can be expected that bacterial
nosts and phage reinfection of susceptible cells have ceased further
growtn, and most of the nutrients in the medium have already been ex-
hausted. The characteristic plague size and morphology for the particular
phage i3 seen then.

Employing the conventionael soft agar overlay method for assay,
plaque counts for Tl and T2 were compared after 5 hours and 24 hours
of incubation at 37 C (TABLE II)}. By 5 hours, little more than 50%
of plaque development has been completed for T2. For Tl, however,
development appeared essentially completed and comparable to the 2b
hour determination. Maximal titers in most cases cen be expected to
have been reached by at least 15 hours of incubation.

In phage asseys, the techniques employed must prove to be so

efficient and precise, that results are highly reproducible. Various
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methods and their modifications have already been presented and will be
evaluated on this basis. The conventional soft agar overlay technique
has been observed to be the most useful and accurate method for phage
assays and will serve as the comparative hase for three other methods
to be described: the agar overlay without basal layers, the limiting-
end point dilution method, snd the spread technique.

Comparisons of phage assays for Tl and T2 with basal agar
and without basal agar layers are presented in TABLE III. Varying amounts
of soft agar overlay in the absence of basal agar were used and obser-
vations made as to plague visibility, size, and numbers. It appears
that smallzr volumes of soft agar (2.5 or 3.0 ml) were less suitable,
the indicator lawn being 2 sparser growth, thereby presenting fewer
visible plaques and creating counting difficulty. The larger volumes,
especially the 5.0 and 7.5 ml, seemed more suitable and effective assay
volumes. Plaque sizes were variable in all cases. The phage titers
determines for Tl with these volumes appeared fairly comparable {mean
aLd standard deviation) to those obtained with basal layers. However,
for T2, a correction factor of two x, as described earlier {Mora, 1963},
must be applied in order to arrive at & more accurate value.

A second method involves the spread plate technique in which
the phage-infected tulture is inocuwlated directly onto the surface
of a basal agar plate and spread evenly with & glass L-rod. TABLE V
indicates that results obtained in Tl and 72 assays were comparable to
those by the conventional overlay method.

Tne limiting-end pcint dilution method was also used to deter=-

mine phage titers, as evidenced by the presence of lysis of varying
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dilutions of phage-infected cultures. The last dilution indicating com-
plete lysis of the indicator cells represented the phage titer, hence,
the limiting-end point. TABLE IV gives the readings obtained for Tl
and T2 at 24 and 48 hours. Complete lysis counld be seen for the first
few dilutions by 24 hours, but with varying degrees of lysis for the
remaining dilutions. By 48 hours there is less evidence of complete
lysis, as the development of phage-resistant cells have gradually in-
creased to significant pnumbers. The phage titer determined is less
precise and expressed only as the reciprocal of that dilution showing
conplete lysis. Results seem less ;-;eproducible and the method does
not appear as effective as the coﬁventional overlay method for assay.
In conclusion, phage samples may be titrated Successfully
oy the several methods described «- the conventionsal soft agar overlay,
soft agar ovarlay without supporting basal layers, or the spread plate
tecinique -- with simple procedures and comparable results. The
iimiting-end point dilution method, however, is restricted and insig-
nificant if 1ess then half of the dilutions indicate complete lysis,

and is, therefore, applicable to certain limited experiments.
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TABLE I. E. coli B indicator grown in tryplose

phosphate and synthetic M9 medie

Incubation Optical No. bacterisa
Megium Time Density per ml
Tryptose 6 hr 0.3 b.7 x 108
phosphate
1.7 7.0 x 109
24 hr 1.7 7.0 x 109
1.6 1.6 x 109
Synthetic 6 hr - -
9
24 hr 1.0 6.5 x 108
1.8 2.8 x 109
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TABLE Ia. Phage assay of Tl employing a 6 hour

and 24 hour E. ecoli B indicator

Age of culture Humber of FFU FFU per ml

6 hrs 37 3.2 x 10°
26

39

2l hrs 35 3.1 x 10°
30
30
29
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TABLE II. Plague development for T1 and T2
Phage Sample Incubation Period PFU per ml
1 1 5 hr. 7.0 x 109
2k hr. 7.5 x 109
2 5 hr. 2.9 x 1010
24 hr. 3.1 x 1018
T2 1 5 hr. 1.1 x 1010
2k hr. 2.0 x 1010
> 5 hr. 1.3 x 1019
2k hr. 2.1 x 1019
156




TABLE It1I, Comparisons of phage assay with basal agar plsates

and without basal agar layers

143

Amount of Plauque
Phage Overley PFU per ml Mean s size (mm)
T1 control® 4.0 x 109 121.4 18.4 3.82
2.5 ml 2.8 x 10° 158.4 17.5 1.88
3.0 ml 3.1 x 10° 172.0 12.2 2.02
5.0 ml 3.2 x 10° 155.2 15.3 2,33
7.5 ml 2.9 x 10° 129.6 24,3 2.88
10.0 ml 2.4 x 10° 103.2 13.1 2.85
2 control® 1.2 x 1010 121,48 4, 3P 0.267
2.5 ml 8.0 x 109 158.4 10.5 0.183
3.0 ml 8.5 x 10° 172.0 10.7 0.235
5.0 ml 8.0 x 10° 155.2 10.6 0.307
7.5 ml 6.5 x 10° 129.6 7.3 0.394
10.0 ml 5.0 x 10° 103.2 9.9 0.398

2 obtained by correction factor of two times the PFU values
® getermined by using the above means

€ 2.5 ml overlay plus 20 ml basal agar




TABLE IV, Asssy Methods -- Limiting-end point dilution and soft

agar layer method

146

Incubation Tube Number PFU per
Phage Time 2 3 4 5 6 7T 8 9 10 ml
T1 24 nr, 0 0 0 0 0 +3 +4 +4 44 106
42 0 0 0 +2 43 +4 +4 +4
0 0 0 0 +3 +4 +4 +4 +4
0 0 0 +3 0 +3 +4 +4 +4
48 hr. +#2 0 0 0 0 +3 +4 + +#
+2 0 0 0 +2 +3 +4 +4 +h
0 0 0 0 +2 +3 +4 +4 +4
+ 2 0 42 + +3 +4 +4  +h
24 hr. 2.64 = 107
{soft
agar}
T2 24 hr. 0 0 O +2 41 1+ +2 =+ +h 107
0 0 = 41 42 3+ +1 & +h
0 0 O +1 +1 + + +1 +4
0 0 % 42 42 +1 41 42 +
48 hr. 0 +2 41 +2 +2 +2 +2 +1 44
0 +1 +2 42 +2 +2 +2 +1 +h4
0 + +1 42 42 +2 +2 +2 +#4
0O +1 +2 +2 +2 2 42 3 +#h
o 2k ur. 9.8 x 1¢
]: MC {soft agar)
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TABLE V. Assay methods -- spresd plate

and soft agar techniques

Phage Method PPU per ml

T1 soft egar 3.1 x 10°
spread plate 3.8 x 10°

T2 soft agar 3.12 x 10}°
spread plate 1.94 x 1010
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STATISTICAL ANALYSIS OF DATA

Discussion, Results

Evaluations of the sampling and diluting errors were carried
out for Tl and T2 phage titrations. Data from TABLES I and II re-
flected low coefficients of variance, indicating that there is 1little
gignificant difference between the use of a 1.0 ml and 0.1 ml pipette
for sampling and plating techniques.

Values for the probable error for each dilution sgeries in
each phage titration are given in TABLE III. There appears to be some
differences between dilution series used. The probable error gradually
increases as the number of dilution steps becomes greater. This has
been reported by Luria and Darnell {1967), who state that the error
is equel to the probable error of each step in the dilution series

multiplied by the square root of the number of dilution steps.

148 '1‘3{)




1ho

TABLE I. Coefficient of Variance for Tl assay

Plate Plaque
number count Mean s oev

»

50 h7.8 6.4 13.4
43
53
43
46
h1
39
55
50
58

CW =IO LD -

[

o

O W CO=) OV i D =
A
WA

60 Sk.T 8.7 15.8

| ol

& 1.0 ml pipette

b 0.1 mi pipette
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TABLE II1I. Probable Error ror Tl and T2 Assay

Dilution PFY per
Phage Series ml Mean s P.E.
T2 1:100 4.0 x 208 40.3 6.3 1.42
1:10 4.7 x 10P 46.8 11.9 >.88
81:3 5.1 x 105 51.4 15.6 3.51
T 1:100 7.5 x 1P 75.3 9.6 2.16
1:10 8.1 x 108 80.7 10.1 2.27
8]:3 5.3 x 10P 52.6 24,3 2.87

8 Values for 1:3 dilution series included the dilution factor
before calculations.
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UNRESTRICTED GROWTH

Discussion, Resplts

When bacteria are inoculated into suitable medium and incu-
bated under appropriate conditions, they begin to multiply and produce
progeny, resulting in increased numbers in the population. Such growth
is attributable to various physiological and cultural conditions
previously deseribed. One of these important variables, the nutritional
environment , has been studied for its effect on bacterial growth.
Comparisons of growth of Escherichia coli 8 were made in two types of
media--g rich, nutrient medium, tryptose phosphate broth (TPOy}, and
a synthetic or chemically-defined medium (M9).

Growth was monitored by opticael density measurements as
well as viable counts for a 2h-hour period (TABLE I). Opticael density
curves shown in FIGURE 1 indicate a much higher cell concentration
for the TPO) -grown culture then for the M9-grown culture. It is also
evident that growth occurred significantly earlier and was more rapid
in TPO), than in M9. The viable cell data in FIGURE 2 (obtained from
both media) further supports these observations. ~—-- ~~

Growth responses of the organism in both media were similar,
i.e., the various growth phases were observable. The major difference
was found in the extent of the initial lag period, which was about three
times longer in M9 than in TPQ). Generation times determined from the
growth curves or calculated from the viable counts were compared for

each culture -- 20 to 30 minutes in TPO) and k5 to 60 minutes in M9.
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The fact that an organism was able to grow in a chemically~defined
mixture indicated that it nhesd an elaborate capacity for synthesizing
these simple compounds into more complex compounds. The longer apparent
lag pericd in M9 medium may be attributable to the fact that the organism
must first produce the enzymes needed for optimal operation of the cell
machinery to prepare further growth nutrients. In an enriched medium,
most of the nutrients are available for cells to initiate earlier growth.
Bacterial cultures exhibit continuous variations in growth,

being sensitive to fluctuations in the chemical and physical environment.
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Optical demsity for E. coli B cultures in TPOL and MY media.
Figure 1.

The bacterial culture was prepared by a 1:200 dilution of an
overnight culture of E. coli 8 into fresh, pre-warmed media (TFO, or M9).
Incubation was made at 37 C. Samples of 4.5 mls of the bacterial culture

were taken at indicgted time intervals and determined for optical

density on a spectrophotometer at a wavelepngth of 550 mu.,

s TPOL

Y M9
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Colony-forming cells for E. coli 8 cultures in TPOL and M9 media.

Figure 2.
Samples of 0.5 ml were taken at the different times, diluted
appropriastely, and assayed for viable counts by the spread plate

method, using 5 replicate plates per dilution.

s TPOY
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TABLE I. Growth Curve of Escherichia coli 8

Time Optical Density (550 mu) Bacteria per ml

(hours) TPOy Mo TPOy Mg
0 0.018 0.01 8.0 x 10f 2.2 x 107
0.5 0.018 0.01 7.5 x 108 4.2 x 107
1.0 0.022 0.029 1.0 x 107 3.8 x 107
1.5 0.051 0.026 2.0 x 107 3.9 x 107
2.0 .19 0.038 7.5 x 107 2.9 x 107
2.5 0. 47 0.03 1.5 x 108 8.5 x 107
3.0 0.95 0.033 8.5 x 108 4,0 x 107
3.5 1.5 0.03 1.3 x 109 2.5 x 107
4.0 1.8 0.041 1.7 x 109 3.9 x 107
4.5 1.7 0.05 6.0 x 109 4,0 x 107
5.0 1.7 0.068 3.3 x 10° 4.1 x 107
5.5 1.75 0.099 1.0 x 101 ¢ 5.5 x 107
6.0 1.8 0.1% 4.8 x 109 9.5 x 107
6.5 - 0.219 - 8.0 x 107
7.0 1.9 0.361 5.5 x 10° 8.5 x 107
8.0 1.8 0.561 3.6 x 10° 6.5 x 108
9.0 1.8 1.1 6.5 x 10° 1.5 x 109
10.0 1.8 1.35 7.0 x 10° 2.3 x 109
11.0 1.8 1.k 5,5 x 109 hoh x 107
12,0 1.8 L.k 5.5 x 109 4.8 x 107
15.0 1.8 1.5 4.6 x 109 3.8 x 10°
24,0 1.85 1.55 9.5 x 107 4,1 x 109




ONE-STEP GROWTH OF A BACTERIOPHAGE

Digcussion, Results

The one-step growth experiment has been described to provide
a useful scheme to monitor the various stages of phage development
after infection. Growth was followed by infectivity assays during
the transition period to the production of progeny phage.

FIGURE 1 shows the one-step growth profile for T2 phage.
Infected centers were assayed at indicsted time intervals (TABLE I).
Unadsorbed phage particles were neutralized by phage-specific anti-
gera. Defiritive growth phases, characteristic of the normal viral
growth, are observable from the plotted data. The duration of the
latent period is approximately 20 minutes before the onset of virus
release. The fina) burst size is completed by 30 minutes with sub-
sequent leveling of phage numbers. Should cell concentrations be
larger than the virus inoculum, susceptible cells are still availsble
for infection, thereby creating the stepwise nature of vira® growth.

Comparisons of growth curve profiles were conducted for
normal, growth with that obtained from premature lysis of infected
cells (TABLE 1I}. This would enable some characterization of the
latent period. FIGURE 2 indicates results obteined for Th when
chloroformed phage-infected samples were assayed at different times.
As expected, values obtained from the premature lysis of infected

cells were higher and mature virions were seen earlier, since most




virions have been assembled and awaiting for release. Samples must
be shaken vigorously, however, to lyse cells to gbtain maximal
recovery.

It is interesting to note the similarities and differences
between the one-step growth of a virus and the growth of & bacteriuvm.
Both have a comparable initial period (latent, lag), a prominent
growth period {rise, exponential), and finally, a stationary phase.
Vira) growth will be influenced by factors that affect bacterial
growth e.g., environmental and nutritional conditions, temperature,
pH, and other factors. There are unique differences, however. One
is reflected in the duration of the growth cycle, minutes &s opposed
to hours. More distinctly, bacteriasl cell division proceeds by geo-
metric progression, i.e., doubling, wvhereas phage reproduction as
menifested in free virions results from & burst of several hundred
or thousand progeny phages from each infected cell.

Such experiments have facilitated the growth studies of
different viruses, virus-host interactions, as well as investigating

vari ous genetic relationships.
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One step growth of bacteriophage T2.
Figure 1.

At time zero, T2 phage (5 x 107 PFU/ml) was added to &
logarithmic broth culture of E. coli 8 (2.5 hr. 6 x 10® bacteria/ml)
at 37°C. A five minute adsorption period was allowed before incubation
in antisera for five minutes. The mixture was further diluted 1:500 to
prevent additional attochment. Samples were appropriately diluted

and assayed for infectious centers at the indicated time intdrvals (e).
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One step growth of bacteriophage Th.
Figure 2.

The same experimental procedures as in FIGURE 1. Additionsal
second samples were taken and vigorously shaken with chloroform-broth
mixtures. The separated aqueous layer was diluted and slso assayed
for infected centers at the same time intervals as the normal phage

growth samples.

o Procedure

¥ Time Intervals
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TABLE I. One-Step Growth of T2 phage at 37°C

Time First Growth Tube* Second Growth Tube"*
(Min.) (PFU per ml1) (PFU per ml)

15 1.6 x 108 -

20 2.1 x 108 -

25 TNIC 1.9 x 10°

30 TNTC 7.0 x 10°

35 TNTC 8.0 x 10°

40 TNTC 8.0 x 10°

50 TNTC 8.8 x 10°

60 TNTC 8.6 x 109

Data plotted as one-step growth curve (FIGURE 1).

®Appropriate dilution factor, 5 x 109

#¥pppropriate dilution faetor, 5 x 107




TABLE II. One-Step Growth of T4 phage at 37°C
Time FGT SGT FGT (CHC13)
(Min.) PFU/ml PFU/m1 PFU/ml
10 7.4 x 197 - 0
15 6.4 x 107 - 0
20 7.8 x 107 - 4.5 x 108
25 TNTC 1.9 x 10° 4.9 x 10°
30 TNTC 5.7 x 10° 5.8 x 109
35 TNTC 6.5 x 10° 7.0 x 10°
Lo TNTC T.7 x 108 7.7 x 10°
45 TNT? 7.2 x 10° 1.0 x 10%
50 TNTC 8.1 x 10° 1.1 x 10%0
60 TNTC 1.1 x 10¥ 1.3 x 109

Data plotted as one-step growth curve (FIGURE 2}.

Appropriate dilution factor, FGT, 5 x 103

SGT, 5 x 107

FGT (CHC1,), 5 x 108
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ADSORPTION OF VIRUS TO A BACTERIUM

Piscussion, Results

The adsorption rate of a virus particle to a bacterium has
been observed to be a function of virus and cell concentration and
reaction time. These observations were investigated by conducting
attachment experiments, monitoring the infectivity of phage-bacterium
mixtures with rarying cell and virus concentrations at different
time intervals.

Figures 1-3 indicate the profiles obtained when decreasing
cell densities were infected by constant virus concentrations. In-
fected center and free phege levels were determined and compared to
those obtained at the control cell density -- a 2.5 hour bacterial
culture containing 3-5 x 10% cells per ml. Reaction times and maximal
adsorption rates appear similer tor each titration {Figures 1 and 2).
The majority of the phage particles (90-99%) have attached within 5
minutes after mixing. Observe that there is a corresponding decrease
in the number of free phages. Similar results were obtained when
increasing cell concentrations were employed (Figure 4). It must be
congidered that further dilution of cell density, however, will pose
a limiting end-point In which significant differences between time and
adsorptiol rate is apparent (Figure 3). Any additionel cell dilutions
below 1:300 will probably detrease the number of infected centers

observed, thereby eltering the curve profiles significantly.




168

Varying the virus concentrations with a constant cell density
indicates little difference in adsorption time rate except for the
expected 100-fold difference in concentrations (FIGURE 6).

Any difference in adsorption rates can be examined by
determination of the rate constant from the plotted data. TABLE I
reflects the K-values for the various cell concentrations employed,
the rate being proportionel to the cell density. TABLE II indicates
that K-vaelues were plmost identicel for the two varying virus concen-
trations.

Studies were also initiated to determine whether physiologicel
changes in the cell had any effects on adsorption rates. It has been
shown that cells undergo physical changes in size during the first few
hours of growth, especielly along the longitudinal axis, with the average
length being several tiwes thet of the inoculated cells. These even-
tually return to the original size after entering the logarithmic
phage of growth (ref. 8 under "Unrestricted Growth").

A young culture was prepared by dilution from an overnight
culture and sampled at various stages of growth. The results are shown
in Figure 5 and K-values in TABLE III. Since cell and virus concen-
trations used in each titration were approximetely the same, there is
still observed some differences in the number of infected cells with
corresponding differences in free phages. If the increased size
changes i3 taken into consideration, as those sampled at 1.6 and 2.5
hours, this factor may contribute to increase the collision frequency
of phage particles to the bacterisl cells. By 12 hours, however, the

cells have returned to the original size as the inoculum and would not

15¢
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demonstrate the size change. Other studies msy be conducted to de-

termine the m&jor size groups contained in the different cultures,

e.g., by use of an electromnic Coulter counter, and then further evasluated.
Phage adsorption occurs as s very rapid phenomenon, taking

place within minutes after conmtact with susceptible cells. It shouwld

be remembered that a cycle of phage growth will commence shortly

with liveration of progeny phage. Measurements must be mede within

the initisl period of infection. Otherwise, newly releassed phage

particles will interfere with determinations {FIGURE 5), especially

shown =s an increase in free phage with & corresponding increase in

the number of infected centers.

181
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Figures 1-b6.

Young E. coli B cultures {2.5 hrs.) were prepared in broth.
Increasing or decressing cell densities were achieved by centrifugs-
tion or dilution of cultures. Cell pellets obtained were resuspended
in equal volumes of pmedia.

At time zero, phage was added to the designated broth cul-
tures at 37°C. Samples were assayed at various time intervals.
Chloroformed-samples appropriately diluted and assayed for fr;e phages,

and antisera-treated samples diluted for asssy of infected centers.

{ 5o
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Figure 1.

Adsorption of T4 to decreasing concentration of bacteria.
o, 0 5.6 x 10% bacteria/ml
W, 0 1.2 x 108 pacteria/ml

¥,V 5.0 x 107 bacteria/ml
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Figure 2. Adsorption of Th to decreasing concentrations of pacteria.

*, 0 3.5 x 10% vacteria/ml
8, O 3.5 x 107 pacteria/ml

¥,V 9.0 x 10° vacteria/ml
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Figure 3. Adsorption of T& to decreasing concentretions of bacterie.

&, 0 3.6 x 108 becteria/ml
B, 8 1.6 x 10° vacterie/ml

¥, ¥ 1.3 x 10% vacterie/ml
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Figure k. Adsorption of T4 to inereasing concentrations of bacteria.

o, 0 4.1 x10° vacteria/ml
®, © 8,5 x 10% bacteria/mi

*, ¥V 2.6 x 109 vacteria/ml
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Figure 5. Adsorption of Th to varying ages of bacteria.

¢, 06 1.6 hours
®.a 2.5 hours

¥, ¢ 12 hours

Note: Figures 1-5, open symbols indicate infected centers {(IC)

and cloged symbole indicate infectious free phage.
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Figure 6. Adsorption of varying concentrations of T4 to bacteria.

e—» 10%, free phage
e---¢ 10%, IC
Y—¥ 107, free phage

v-—-v 1,07, IC
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TABLE I. Varying Cell Concentrations

183

Cell concentration Virus concentration
bacteria/ml PFU/m3, K-velue
5.6 x 108 6.0 x 108 0.9 x 10~?
1.2 x 108 6.0 x 108 4,3 x 1079
5.0 x 107 6.0 x 108 8.6 x 1079
3.5 x 108 6.5 x 108 1.5 x 199
3.5 x 107 6.5 x 108 1.5 x 10~
9.0 x 108 6.5 x 1P 6.0 x 10710
3.6 x 108 3.5 x 108 1.5 x 10~9
1.6 x 1¢P 3.5 x 108 #3 ) x 10-19
1.3 x 1¢P 3.5 x 108 2.6 x 1g~10
4,1 x 108 3.5 x 107 1.3 x 10-?
8.5 x 108 3.5 x 107 0.6 x 10~
2.6 x 103 3.5 x 107 0.2 x 1079

K-values determined at t = 5 min.

#petermined at t = 15 min.
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TABLE II. Varying Virus Concentrations.

Virus concentration Cell concentration
PFU/ml bacteria/ml K=-value
b ox 105 4.9 x 108 1.1 % 1079
b.2 x 107 4.9 x 108 1.0 x 1072

K-value determined at t = S min.

19¢
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Table III. Varying Ages of Cell Cultures

Age of Cell Density Virus Concentration

Culture Bacteria/mi PFU /ml K=value
1.6 hrs. 2.5 x 108 3.8 x 106 2.2 x 10 9
2.5 nrs. 2.7 x 108 3.8 x 106 1.7 x 1079
12  hrs. 2.6 x 108 3.8 x 106 1.6 x 102

K-values determined at t = 5 min.
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TABLE IV, Adsorption of Virus at Decreasing Cell Densities —-

Infected Center and Unadsorbed Phage Assays

186

FFU per ml
Cell Concentration Time Infected Unadsorbed
Bacteria per mi Dilution  (Min.) Centers Phage
5.6 x 10° 0 2 6.0 x 106 1,1 x 106
S 5.0 x 108 k.7 x 105
10 s.0 x108 2.2 x 105
15 5.5 x 105 3.1 x 10°
1.2 x 108 1:3 2 5.5 x 108 5,0 x 105
S 5.5 x 106 4,3 x 10°
10 6.0 x 108 3.3 x 105
15 5.0 x 106 3.4 x 105
5.0 x 107 1:10 2 b5 x 1056 2,0 x 10°
5 5.7 x 108 7.0 x 10%
10 5.0 x 10° 4,3 x 105
15 6.6 x 10° 3.6 x 105

Data plotted as adsorption curve (FIGURE 1).

19g
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TABLE IVa. Adsorption of Virus at Decreasing (Cell Densities --

Infected Center and Unzdsorbed Phage Assays

PFU per ml
Cell Concentration Time Infected Unadsorbed
Bacteria per ml Dilution (Min.) Centers Phage

3.5 x 108 0 2 6.5 x 106 6.0 x 10°

5 8.0 x106 4.0 x 10°

10 8.0 x106 2.8 x10°

15 7.5 x 106 2.5 x 10°

3.5 x 107 1:10 2 k.9 x 106 1.0 x 108

5 8.0 x 106 k.6 x 10°

10 8.0 x 106 2,1 x 10°

15 8.0 x 106 2.2 x 10°

9.0 x 106 1:50 2 6.0 x 10¢ 1.3 x 106
5 7.5 x 106 k.4 x 10°
10 8.0 x 106 2.7 x 10°
15 8.5 x 16 2.0 x 10°

Dats plotted as adsorption curve (FIGURE 2).
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TABLE IVb, Adsorption of Virus at Decreasing Cell Densities —-

Infected Center and Unadsorbed Phege Assays

PFU per ml
Cell Concentration Time Infected Unadsorbed
Bacteria per ml Dilution (min.) Centers Phage

3.6 x 108 0 2 5.3 x 105 4.0 x 10%

5 5.5 x 108 2.2 x 10°

10 6.5 x 106 1.9 x 103

15 6.5 x 105 1.7 x 108

1.6 x 106 1:225 2 9.0 x 10* k.2 x 10°

5 3,3 x 105 4.3 x 108

10 5,5 x 105 4.0 x 108

15 7.5 x 105 3.3 x 10°

1.3 x 108 1:300 2 1.0 x 105 4.4 x 108

5 2.3 x10% 3,0 x 108

10 y.0 x 105 3,4 x 108

15 7.5 x 105 3.4 x 108

Data plotted as adsorption curve (FIGURE 3)}.
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TABLE V. Adsorption of Virus at Increasing Cell Densities --

Infected Center and Unadsorbed Phages Assays

PFU per ml
Ceil Concentration Time Infected Unadsorbed
Bacteria per ml Dilution (Min. ) Centers Phage
4.1 x 108 0 2 4.5 x 107 1.0 x 107
5 4.5 x 107 2,5 x 106
10 5.0 x 107 2.8 x 106
15 5.5 x 107 1.6 x 108
2.5 x 108 2:1 2 6.0 x 107 5.0 x 108
5 6.0 x 107 2,4 x 108
10 5.0 x 107 1.7 x 108
15 5.5 x 107 1.6 x 108
2.6 x 10° 7:1 2 5.5 x 107 3.4 x 108
5 4.7 x 107 2.2 x 108
10 b4 x 107 1.5 x 108
15 4.3 x 107 1.2 x 106

Data plotted as adsorption curve (FIGURE 4).

201




TABLE vi. Adsorption of Virus at varying Ages of Cell Culture --

Infected Center and Unadsorbed Phege Assays

190

FFU per ml
Age of Culture Cell density Time Infected Unadsorbed -
(hours) bacteria/ml (Min,) Centers Phage
1.6 2.5 x 108 2 1.1 x 107 k. x 10°
5 9.7 x 108 1.4 x 10°
10 9.0 x 108 1.1 x 10°
15 2.1 x 107 1.3 x 107
2.5 . 2.7 x 108 2 9.0 x 105 7.3 x 10°
5 9.6 x 108 3.6 x 10°
10 9.2 x 108 1.5 x 10°
15 2.4 x 107 2.3 x 107
12 2.6 x 108 2 5.3 x 108 6.3 x 10°
5 5.5 x 106 4.6 x 10°
10 7.2 x 108 2.6 x 10°
15 7.7 108 k4.0 x 10°

Data plotted as adsorption curve (FIGURE 5)}.
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TABLE VII. Adsorption of Virus at Varying Virus Concentration --

Infected Center and Unadsorbed Phage Assays

PFU per ml

Virus Concentration Time Infected  Unadsorbed
FFY per mi Dilution {Min.) Centers Phage

k.4 x 107 0 2 8.0 x 107 6.6 x 106

5 8.1 x 107 3.2 x 106

10 7.8 x 107 2.2 x 106

15 9.0 x 107 1.9 x 108

b.2 x 105 1:200 2 8.8 x 105 k4.0 x 10"

5 8.6 x 10° 3.0 x 10%

10 9.3 x 10° 2.0 x 10"

15 9.6 x 105 3,5 x 10"

Data plotted as adsorption curve {FIGURE 6}.
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SERUM NEUTRALIZATION

Discussion, Results

Phage specificity of an antiserum provides one useful index
for comparing the relationships bvetween and among phages. Such an
index is expressed in terms of K~values which represent neutraliza-
tion or inactivation potency of serum semples. A series of serum
titrations were conducted with two different antisera against a set
of T-phages to observe rates of inactivation by varying serum dilu-
tions at different time intervals. 0

Phage~antiserum mixtures were sampled at various times and
assayed for survivors. These results are shown in TABLE I for anti-
T2 serum, and TABLE II for anti-Tl serum. It is evident that anti-T2
has great potency against T2, showing complete neutralization by 10
minutes at a 1:100 dilution. Noticeable potency is still retained at
a 1:1000 dilution. When titrated against another T-even phage, Th,
gsignificant inactivation is observable at a 1:100 dilution, with lesser
effectiveness at 1:1000.

TABLE II indicates the result obtained for the titration with
anti-Tl serum. These results are less striking than those seen with
anti-T2. Apparent neutralization is observable at 1:100 dilution, but
proves far less effective at 1:1000. When titrated ageinst a T-even
phege, T4, no inactivation was demonstrable, even at a high serum
concentration of 1:10.

Neutralization curves were constructed from the titration
data. FIGURES 1 and 2 depict the rates of neutralization at various

204
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time intervals for anti-T2 and anti-Tl sera. It may be seen that the
inactivation becomes more apparent in the titration of serum against
tke homologous phage than with the heterologous phage. Phage controls
without antiserum were also prepared and indicated no apparent neu-
tralization.

If two phages are serologically related, then the antiserum
of one phage will effectively neutralize the other. The K-values were
determined for each set of titrations from the neutralization curves
plotted, and served as basis for comparing relatedness (TABLE IT1I). X
values for inactivation of T2 and Th by anti-T2 were within the 50-150
range. For Tl, however, K values were below 10. Phages T2 and Th
appear to belong in the same serologicael group, while Tl is in another
group. These observations are comparable to those previously reported
(Adams, 1950).

The neutrelization power of an antisera will vary with the
serum lots. Antisera thus have different dilution ranges which give
measurable activity. As observed, anti-Tl serum had a smaller activity
range than did the anti-T2 which demonstrated potency at dilutions
above 1:1000. Testing verious serum dilutions have important applica-
tions, especially in determining the appropriate dilution for use in
elimination of excess free phages in various experiments monitoring

virus edsorption or growth.
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TABLE I. Varying strenmgths of phage-specific antiserum - anti-T2

PFU per mt

Antiserum Dilution Time T2 Th
Anti-T2 1:100 0 min. 6.5 x 1P 3.0 x 1P
3 min. 1.6 x 103 1.5 x 1P
10 min. 0 1.2 x 105

30 min. 0 0
#1:1000 0 min. 7.0 x 108 3.2 x 108
3 min. 3.1 x 106 3.4 x 108
10 min. 1.7 x 108 2.4 x 108
30 min. 1.7 x 105 1.5 x 108

*Deta plotted for neutralization curve (Figure 1).

o 20¢
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TABLE II. Varying strengths of phege-specific antiserum - anti-T1

PFU per ml
Antiserum Dilution Time T2 mh
Anti-T1 1:10 0 min. 1.3 x 107
3 min. 1.3 x 107
30 min. 1.2 x 107
#1:100 0 min. 2,2 x 106 1.2 x 107
3 min. 2.0 x 106 1.2 x 107
30 min. 6.5 x 105 1.3 x 107
1:1000 0 min. 2.1 x 106
3 min. 1.9 x 106
30 min. 1.3 x 106

*Data plotted for neutralization curve (Figure 2).
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TABLE ITI. K-~values for Anti-T2 and Anti-T1l antisera

Antiserum Pilution Phage K-value/min
anti-T2 1:1000 T2 133.4
1:1000 7% 69.0
enti-Tl 1:100 Tl 5.52
1:100 Th -

K-velues determined for t = 10 min.

o 208
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Neutralizing activity of T2 phage antiserum.
Figure 1.

A 1.8 ml serum sample of anti-T2 diluted 1:1000 was mixed
with & 0.2 ml volume of T2 phage at 5.0 x 10° PFU per ml  One-tenth
of a milliliter samples were taken, diluted, and assayed for phage
survivors (e).

This was repeated with 0.2 ml of T4 phage at 4.5 x 108

. FFU per ml. Both phage-antisera mixtu}es were incubated and maintained
at 37°C during all samplings (¥),

Control cultures of phage in diluent without antisera

were also assayed (o, T2; v, Th).
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Neutralizing aectivity of Tl phage antiserum.
FIGURE 2.

A 1.8 ml serum sample of anti-T1l ailuted 1:100 was incubated
with 0.2 ml of Tl phage at 2.8 x 10% PFU per m). One-tenth milliliter
samples were assayed for survivors ($).

This was conducted for anti-T1 diluted 1:10 with 0.2 ml
of Th phage at 3.0 x 10° PFU per ml and 0.1 ml samples titrated (V).

Control cultures with no antisera were included (o, T1;

v, Th).
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PHAGE~-RESISTANT MUTANTS

Discussion, Results

A. Phage-resistant mutants have been described to be detectable at
low frequency levels. Such colonies mey be isolated and identified
from broth culturegs. Studies were conducted to investigate the
occurrence of mutaetions to the T-pheges under verying experimental
conditions and to identify the common types present (TABLE I).

Under normal growing conditions, it is possible to isolate
resistant colonies to the different pheges. Representative colonies
were obgerved for characteristic colonial and cell morphology. These
were found similar to the perent strain with slight minor variations
in size and surface features. All resistant cells determined by gram
stain for purity check were observed to be gram~-negetive, small,
short rods, as were the perental cells. A number of colonies were
selected and tested for pheage resistance. Most appear to possess
different combinations of multiple resistance, especially to Th and
T7. Some single registance colonies were found for Th.

An alternative method employing a chemical mutagenic agent,
Nemethyl~N'-nitro-N-nitrosogusnidine, was evaluated for i%s effects
in increasing mutant yields. A young E. coli B culture was centrifuged,
resuspended into & volume of medium containing the agent, and incubated
at 37 C for 5 minutes before exposure to phage. The number of resistant
colonies was greatly enhanced. Representative colonies tested indicated

that the isolates were mainly B/4,7. These results, however, reflected
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only a very small portion of the colonies tested, and isolating
other combinations would require the survey of the remaining colonies.

Ultra-violet irradiation has also been knowm to produce
mutagenic effects. Application of this agent was attempted and compared.
It appeared unsuccessful under these experimental conditions, producing
no significant increase in the number of resistant colonies over that
of the normal culture.

The occurrence of B/2 mutants have been described as a rare
event (107!9). Under each of the varying experimental conditions
already employed, all results obtained were negative. In an effort
to increase frequency‘of isolation, another method involved the con-
centration of T2-infected cultures and plating increased numbers of
infected centers. No B/2 mutants could be detected.

For study purposes, it is adequate that isolation of
phage~resistant mutants may be accomplished successfully from normal,
groving cultures. Variations may employ the use of different iInduction
agents. Nitrosoguanidine has been demonstrated to be an effective
agent, although its carcinogenic property presents a hazard and should
limit its use in student laboratories. Ultra-violet irradiation may
prove more applicable if appropriate experimental design can be devised.
As for the isolation of a rare mutant, this may require the plating of
more than 1000-fold increases in the number of infected cells and the
continuous screening of resistant colonies, to isolate a resistant

mutant strain.
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TABLE I.

Nitrosoguanidine was incorporated in a volume of medium
containing resuspended culture of 2.5 hours E. coli 8. The culture
was incubated with the sgent for 5 minutes at 37 C prior to phage
infection.

Five ml samples of a 2.5 hour bacterial culture was exposed
to a germicidsl UV lamp for 10 and 15 seconds from 8 distance of 20
cm and kept in foiled-covered tubes during phage infection and plating.

A normal culture was prepared ag a young 2.5 hour culture
and plated in phage exGess.

All isolates were tested for purity by the Gram stain,
restreaked for single colonies, and observed for distinct colonial
morphelogy.

The number of resistant colonies were cumulative results
cbtained from the 5 replicate plates. The type of mutants cbserved
were indicative of the isolates identified from 5 representative colonies

selected for each study.
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TABLE I. Effects of Inducing Agents om E. coli B8

Ho. of Resistant Mutant Type
Inducing Agent Coloniece Isolated
Nitrosoguanidine 265 B/4,T
Ultra-violet 7 B/4,T
B/4
Normal culture 79 B/h
B/1 b
B/h,T
8/1,4,7

216

20k




PHAGE-RESISTANT MUTANTS
Discussion, Results

_B. Host resistence has already been demonstrated for E. coli 8
to the various T-phages. The basis for this resistance was investi-
gated by monitoring evidence for phage adsorption and virus yields
of a phage-resistant mutant of T2 (obtained from Dr. S. E. Luria's
collection) with that of the sensitive parent.

The growth rate of the mutant strain was determined ini-
tially to standardize its growth with that of the parent strain. As
deseribed (5) growth of the two strains does not aiffer appreciably.
The B/2 culture was observed at varying time intervals for a 2L-hour
period, growth being monitored by viable counts and optical density
determinations and compared to the parent culture (FIGURES 1 and 2).
Comparisons were made up to the 6~hour <Lrowth period, particularly
noting cell concentrations at 2 to 2.5 hours, which would represent
the experimentel cultures to be utilized. Results appear similar
to the parent culture. The overall growth of the mutent, however, was
not comparable under these experimental conditions final and cell
densities were lower. It should be considered sgain, that this may
reflect the influence of various physiologicel and other environmental
factors on bacteris] growth.

With these observations, young cﬁltures of the mutant strain
as well ag of the parent strain, both similar in age and cell concen-

tration, may be used in parallel experiments testing host resistance.

Q 2065
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A desiénated amount of phage was incubated with each bacterial cul~-
ture (2.5 hours} in the presence of KCN and assayed for virus yields
after disruption with chloroform. KCN is described as & metabolic
inhibitor which interfered with the progress and formation of virus
progeny (1, 3). Its action is observed as & resulting loss of
infectious centers early in the latent period (3).

Sampling was teken during the latent period (15 minutes)
of & T2-infected E. goli 8 parental strain incubated in the presence
of KCN. The assay results (TABLE I) were compared to & control cul-
ture incubated in the absence of KCN. The slightly higher phage numbers
mey be due to early release of phages from some cells, &3 chloroform
was added to inactivate infected cells by premature lysis. GSamples
were also assayed at 30 minutes, after allowing intracellular multi-
plication to occur. The contrel culture exhibited normal viral
growth as evidenced by increase phage-yields. The phage-infected
culture with KCN at 30 minutes demonstrated ylelds comparable to
those obtained by the 15 minute assay. This finding supports the
observation of early loss of infected centers by the action of
KCH which appeared to prohibiu further phage development into
nature progeny, as evidenced by no increase in either sample of
phage numbers with premature lysis.

This experimental procedure was used with a 8/2 mutant
culture. If one assumes that host resistance was attributable to
alterations of phage development within the host cell, then it would

be expected that phage numbers would decrease significantly due to
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adsorption. This was not observed, as assay samples taken at 15 and
30 minutes reveal that virus yields did not differ appreciably in the
presence or absence of KCN (TABLE I). It appears that host resistance
results in the failure of phage to adsorb to host cells.

Controls containing KCN with the bacterial culture or phage
sample indicated slight eell killing and little or no inactivetion of
free phage partiecles,

These experimentel observations and results appesr to support
the view that one basis of host resistance to bacteriophage infection
involves some alteration of the host and, as discussed previously,
partieularly changes at specifiec sites of attachment on the cell

surface.
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TABLE I. Host Resistance to Bacteriophage T2

Experimental Assay Time (min.) FFU per ml
E. coli 8 + T2 15* 1.07 x 105
E. coli 8 + T2 + KCN 15' 4.5 x 10
8/2 mutant + T2 15! 3.3 x 106
8/2 mutant + T2 + KCN 15° %.75 x 106
E. coli B + T2 30! 1.02 x 107
E. coli 8 + T2 + KCN 30' 3.9 x 10*
8/2 mutant + T2 30! 3.6 x 108
8/2 mutant + T2 + KCN 30! .65 x 108
Controls:

Phage T2 3.9 x 108
Phage T2 + KON 5.4 x 108
E. coli 8 8.0 x 108
E. coli 8 + KCN k.3 x 108
8/2 mutant 3.7 x 108
8/2 mutant + KCN 3.6 x 108

22}
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FHAGE-RESISTANT MUTANTS

Discussion, Results

C. Phage titrations were carried out employing & mixed indicator
assay composed of equal amounts of the sensitive parent E. coli 8
strain and the resistant mutant /2 strain (obtained from Dr. S. E.
Luria's collection for this particular experiment). The 8/2 culture
was observed to be gensitive to Ti, Th, and T7 phages, while completely
resistant to the T2 phage.

The data in TABLE I indicate sensitivity of the parent
culture to both T2 and Th, as expected. The £/2 mutent is only
sensitive to T4 and resistant to T2, as evidenced by the presence
or sbsence of plague formation. Using mixed indicators in equal por-
tions, phage titers were comparable. The main distinguishing charac-
teristic in this assay is found in plague morphology. Sensitive
strain indicators reveal clesr plaques. Mixed indicators, as in the
cage for T2, demonstrate turbid plaques, supporting the observation
that the sensitive cells are lysed by the phage with continued growth'

of the resistant cells.

221




210

Fig. 1. Growth curve of T2 phage mutant of E. coli B.
Fig. 2. Growth curve of E. coli B.
Figures 1-2.

Both normal and mutant cultures were prepared by 1:200
dilution of an overnight culture into fresh, prewvarmed medis
(TPOL). Incubation wes made st 37 C. Samples of 4.5 mls of each
culture were taken at the indicated time intervals and determined
for optical density st = wavelength 550 my. Samples of 0.5 ml
of each culture were taken at different times, diluted, and

assayed for visble cell counts by the spread plate method.

¢ viable cells

¥ optical density
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TABLE I. Plating Mixed Indicators with Phages

T2 end Th.

Indicator Culture Phage PFU per ml
E. coli B T2 5.5 x 1010
8/2 mutant T2 0

E. coli B + B/2* T2 5.7 x 1010
E. coli B + p/asw T2 5.5 x 1010
E. coli B ™ 8.4 x10°
g/2 mutant i\ 7.3 x 10°
E. coli B +B/2% Th 7.7 % 10°

* Equal portions (0.05 ml) of both cultures were
inoculated.
#*% Equal portions (0.10 ml) of both cultures were

inoculated.




LYSOGENY

Discussion, Results

In a lysogenic culture, it is possible to detect a low
baeckground phage level which results from occasional spontaneous
cell lysis. Increase in phage production in such a culture may be
accomplished by the use of various experimental inducers that enable
the prophege to enter the lytic cycle. One example is the use of ultra-
violet irradiation. This agent was used with Egcherichia coli K12
(1) and the culture studied for UV effects in enhancing phege numbers.
TABLE I indicates results obtained when 5 mi samples of E. coli
K12 () were subjected to varying lengths of exposure to UV light.
After incubation for cell lysis, the cultures were titrated with an
indicator organism to detect virus particles. A low background level
wag detected in the non-irradiated control. However, incresses of
greater than two-fold above the control level were observed after a
3 second treatment. This was noted for the other exposures employed.
The 5 second time was selected 88 the more appropriate exposure for
use in subsequent induction experiments.
The presence of phage may also be evidenced by cell lysis,
as determined through optical density meaesnrements. This was monitored
in cultures irradiated for 5 and 10 seconds (FIGURE 1). Control
and irradiated curve profiles showed noticeable differences in optical
density units, hence, cell lysis and phage production. It has been said

that the proportion of phage-producing baecteria will be a function of
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different varisbles. For UV light, considerstion is given to the distance,
wevelength, and exposure time, in sddition to the type and quelity of
medis employed.

Investigations were csrried out to determine the number of
surviving bacteris &8s compared to the numbers of phage-producing bdsc-
terin. Samples taken from the 5 second irrsdisted cultures during the
incubation period were diluted and titrsted simulteneously for visble
cells a&nd phage numbers. These results have been plotted and shown in
FIGUR: 2. Control cultures continue cell growth with time snd & low
level of free phage was detecteble. Irradisted cultures reflected &
decrease in cell numbers, meinly due to cell lysis and cell killing
by IV, with 8 corresponding incresse in phage numbers that eventually
resch & maximum and then decresse to 8 rate affected by the UV dosage
on the bacterial culture.

In & lysogenic culture, it hes been seid that no infection
of lysogenic cells will occur, as was evident in the T-phages. This can
be demonstrated, ss presented in the experimental design described,
by incubstion of the supernatant fluid conteining infectious phage with
the non-irrsdisted culture. Titration for visble cells should reflect
significant changes in the cell concentration from the original culture
if cells were sensitive to phage infection. This was not observed
and is sttributed to an "immunity factor,” protecting cells from
homologous lysogenic or very closely-relsted phages.

Lysogeny has been demonstrsted in seversl becterisl systems

83 the unique potentisl by which cells have the capability to produce
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infectious phages under the appropriate conditions. As described,
thia phenomenon has elready provided areas of extensive study, especially

in experimental induction and genetic analyses.
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Optical density of UV~induced lysogenic cultures of E. coli K12 (1).

Figure 1.

Five ml aliquots of a young lysogenic culture of E. goli
K12 (1) were UV-irradiated and incubated at 37 C. Optical density
readings at a wavelength of 550 my were maede at indicated time

intervals for cell killing by induced prophages,

® A, 10 sec UV=irradiasted culture
¥ B, 5 sec U¥-irradiated culture

¢ C, control culture, no irradiation
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Virus titration and colody formation of UV-induced lysogenic cultures of
E. colt K12 (a).
Figure 2.
Lysogenic culture of E. coli K12 ()) was prepared by

8 1:200 dilution of an overnight culture into fresh, prewarmed
broth (TPO4) at 37 ¢ and grown to appropriate density. Cells were
pelleted and resuspended in synthetic M9 media. Culture were
UV-irradiated and at indicated time intervals sampled for viable
cells and presence of infectious phage,

A, 5 sec W-irradiated culture =-- visble cells

phage (o cells, o phage)
B, non-irradiated control cuture -- vieble cells

phage (¥ cells, V phage)
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TABLE I. Induction of E. coli
K12 (A} with varying
exposures of UV light

UV exposure
(sec.) PFU per mi
0 7.3 x 103
3 1.4 x 108
5 2.25 x 106
10 2.3 x 108
25 2.8 x 106
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TABLE II., Optical Density Measurements of &
Lysogeric Culture of Escherichis

coli K12
Time UV culture UV Culture
{min.) Control (5 sec.) (20 sec.)
10 0.95 0.9 0.9
20 0.96 0.87 0.88
30 0.94 0.88 0.87
4o 0.99 0.89 0.89
50 0.96 0.87 0.87
90 0.97 0.83 0.83
105 1.0 0.85 0.85
120 1.0 0.81 0.81
150 1.1 0.75 0.75
240 1.1 0.73 0.73

Data plotted as optical density curve (FIGURE 1).
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TABLE III. Viable Count and Phage Assay of Lysogenic
Culture of Escherichia coli Ki2

Sampling time

Assay (min. ) Bacteria/ml PFU/m1
E. coli K12 0 1.68 x 108 3.89 x 106
30 3.4 x 108 3.91 x 108
60 5.3 x 108 6.8 x 106
o0 7.2 x 108 5.8 x 108
E. coli K12 0 1.36 x 10° %3 x 107
(irradiated 30 9.3 x 107 9.5 x 107
for 5 sec.)
60 4.2 x 107 1.48 x 108
90 4.0 x 107 1.51 x 108

Data plotted as titration curve (FIGURE 2}.
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T4 MORPHOGENESIS: IN VITRO COMPLEMENTATION

Discussion, Results

In vitro complementation experiments were attempted with cell

extracts with two different tail fiber mutants (Tham N52 and Tham
B252) with gene defects at gene 37 and 35, respectively. Cell extracts
were prepared 8s described with the nonpermissive host, E. coli 8
(su™). Assay of the reaction mixture was performed using the per-
missive host, E. coli CR63.

Several trisls were conducted with different cell extract
preparations. Incubation of the control extracts alone demonstrated
no increase in active phage numbers. Generally, little success was
observed with the reaction mixture, with no significant increase
above the level of the controls obtained {TABLE I). fThis suggests
that in our hands, expected complementation did not take place between
the two defective mutants.

In addition, complementation tests were conducted with tail-
fiberless perticles {(Tham X4E, & multiple amber mutant with several
mutations: B25, A455, B252, N52, B280, and B262 which causes tail
fiber genes 34, 35, 37, and 38 to be defective) and & head protein
extract (Tham B17, defective in gene 23 that controls head morphogene-
sis). As reported {1), the number of active phage produced should be
proportional to the number of tail-fiberless particles added to the

extract. No increase in phage titer was indicated by incubstion of the
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extract or particles alone. Although the number of particles was not
determined here, the kineticg of infectivity, or active phage production,
remained level throughout the incubating period and reflected no positive
sctivation of the tail-fiberless particles (TABLE IT).

It is apparent that the complete inactivity of the various
extract combinations indicates that the complementation reactions did
not proceed effectively as hoped under the present experimental con-
ditions described. These experiments have demonstrated little success
here. It is difficult to ascertain the various factors involved in
these problems. Among problems to be considered, the nature and optimal
condition for cell extract preparations as well as the character of the
amber mutant stocks employed are suggested. TFurther, whether they are
truly defective as reported and produce an accumulation of the incomplete
phage components is not known for our stoecks. It is necessary, therefore,
to reevaluate in detail the procedures and especially the materials
deseribed here and to maske further modifications before conducting

other extract complementation tests.
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TABLE I. Extract Complementation of Tail Fiber

Mutants
Experiment Infected-cell Time

Number Extracts {Min.) PFU per ml
1 A 0 1.5 x 10%
B 3.5 x 107

AB 1.1 x 107

A 90 1.5 x 104

B 3.4 x 107

AB 1.0 x 107

2 A 0 7.8 x 108
B 3.0 x 108

AB 1.5 x 108

A 90 ¥.5 x 108

B 2.9 x 108

AB 7.0 x 107

A, infected-cell extract by amN52, control
B, infected-cell extract by amB252, control

AB, combination of both extracts
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TABLE II. Extractive Complementation of Tail-fiberless
Particles and Head Protein Defective Extract
Experiment Infected-cell Time

Number Extracts (Min.) PFU per ml
1 C 0 1.6 x 103
D 6.0 x 103

cD 1.2 x 104

cD 10 1.1 x 10%

cD 30 2,5 x 103

CcD ks 3.5 x 103

cD 60 2,5 x 103

C 60 1.9 x 103

D 60 2.4 x 103

2 C 0 4,3 x 107
D 3.8 x 107

cD h.9 x 107

cD 10 4.8 x 107

CD 30 3.0 x 107

CD 45 2.0 x 107

CD 60 2.0 x 107

C 60 4.1 x 107

D 5.6 x 107

C, tail fiberless particles amXiE, control

D, infected-cell extract by amBl7, control

CD, combination of both extract




ENZYME INDUCTION

Discugsion, Results

Enzyme induction poses several problems for study of enzyme
activity under varying conditions. Inducer efficiency and effects of
phage infection provided two areas of investigation, especially for
determinstion of the presence of the induction phencmencn.

The assay procedure, already described, is a modification from
Lederberg's original method. Certain preparations should be considered
to asvoid experiments] problems. For example, bacteris]l cultures grown
in & synthetic medium rather than a colored nutrient medium eliminate
interference with colorimetric determination of the indicstor, o-nitro-
phenyl. Csutior should also be taken with the ONPG solution as it is
relatively unstsble and upon long periods of storage the appearance
of & yellow color may be seen (1).

Easrly studies demonstrated that direct, apparent detection
of the induced enzyme could be facilitated when the enzyme was liberated
from whole cells by cellular disintegration. Various chemical agents,
e.g., toluene, benzene, have been employed, with the observation that
& more intense indicator color could be obtained. The amount of color
determined represents the totality of B-galactosidase enzyme present.
Some investigators have introduced the use of deoxycholate in addition
to toluene. Their results indicate the possibilities of a more repro-

ducible and accurste as5say method than with toluene alone (2).
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Ordinarily, 8-galactosidase is inducible by its normsl sub-
strate lactose. In a number of cases, the enzywe may be induced by
substances which do not act as substrates, but which are structural
analogues of the substrate. One such related compound is metbyl-f-D-
galactoside (TMG). Enzyme activity of induced, toluenized cells was
monitored by optical density measurements of ONPG (FIGURE 1). Results
indicate that induction had occurred both with T™G and with lactose.
Noticeable differences were observable for lactose, its efficiency as
an inducer being several times greater than T™G. Thus a higher enzyme
content can be expected with lactose. Under these experimental conditions,
this may be attributable to the differences in inducer concentration
employed. It would appear probable, however, that lactose should be
equally efficient even at the lower concentration.

In the presence of an alternate substrate, e.g., glycerol,
however, cells do not exhibit the ability to elicit the synthesis of
B-galactosidase. Such an effect can be attributable to the difference
in structural configuration of the substrate. This result is shown in
FIGURE 2, in which the glycerol-induced culture indicated little sig-
nificant changes in optical densities .aring a 2h-hour period. As
expected, the lactose-induced culture reflected B-galactosidase induction
at an appreciable level. Since the enzyme is necessary for the utili-
zation of the substrate, an increase in enzyme content may then result
in an inerease in cell growth, as the enersy source is transformed into
an available form for use by the cells. Increase may be implied to

coinecide w.th cell growth. Then as nutrients become exhausted, especially
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the concentration of the inducer, a corresponding decrease in enzyme content
becomes evident.

Addition of phage prior to exposure of the inducer will also
prevent the synthesis of f-galactosidase in a bacterial population.
This study was conducted under conditions of lysis-inhibition, in which
& high input of phage, usually greater than five phage per cell, was
employed for infection, so that cell lysis would be extended for
several hours (TABLE I).. Results in FIGURE I indicatesg that enzyme
induction had been completely arrested by T2 phage infection for & 2
hour period.

A cell contains many distinct enzyme proteins. With the
induction phenomenon, the cell is shown to be endowed with the potential

under appropriate conditions to produce additional enzymes.
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FIGURE 1.
Kinetics of B-galactosidase induction and the effect of
different inducers and phege infection.
Each culture of E. coli B grown in synthetic M9 medium and
aliquots of cell pellet resuspended and treated as follows:
e A, addition of lactose (0.5%) 4 min after resuspension;
¥ B, sddition of methyl-B-D-thiogalactoside (0.004 M) 4 min
after resuspension;
a C, resuspension of cells, infection with T2 phage at a multi-
plicity of 6-8 phage per cell, addition of lactose 4 min after infection;

A D, control, no inducer.
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FIGURE 2.

Kineties of B-galactosidase by different substrates. Each
culture of E. ¢oli B grown in synthetic mediwm and aliquot of cell pellet
resuspended and treated as follows:

® A, addition of glycerol (0.5%) 4 min after resuspension;
¥ B, addition of lactose (0.5%) 4 min after resuspension;

e C, control, no inducer.
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TABLE I. Lysis Inhibition of T2-infected

Culture of Escherichia ¢oli 8

Time (Min.)} Bacteria/ml PFU/ml
0 1.7 x 108 k.4 x 107
30 5.7 x 10° 1.4 x 107
60 5.4 x 105 2.8 x 107
90 3.7 x 105 7.1 x 107
120 5.5 x 105 1.6 x 108

Phage infection at a multiplieity of 6 phage/

cell,




DNA EXTRACTION

Discussion, Results

Bacteriel DNA was extracted from E. coli 8 as described.
Several different extractions were prepared for duplicate analyses. It
is of interest to note the dramatic changes that take place during
each step of the extraction.

The addition of lysozyme initiates degradation of the cell
wall and lyses those cells resistant to detergent action. Treatment
with SDS continues cell disruption and suppresses enzyme activity by
nucleases. Lysis is completed by repeated freezing and thawing. The
resulting emulsion possesses two characteristics ~- 8 remarkable increase
in viscosity and a pool of liberated cell macromolecules. Subsequent
extraction with phenol initiates deproteinization, destroying degrading
enzymes and proteins. Centrifugation removes the cell debris and proteins
from the aqueous layer (top) containing the nucleic acids to the phenol
layer (bottom) and/or at the interface of the two layers.

Treatment with ethyl alechol precipitates the nucleic scids
from the aqueous layer and allows collection of the sample by spooling.
Further purification with isopropanol will selectively precipitate the
DNA from the RNA to provide g better yield of DNA product. Although
the latter procedure has not been used here, it should be attempted to
determine whether further purification is demonstrable.

Each sample is stored to be treated by acid hydrolysis. The

resulting base hydrolysate are to be analyzed for purine and pyrimidine
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content as described under "Base Determinations."
Alt.érnat.ively, extraction of DNA from various phages or mammalian
cells should be attempted for comparisons of composition from various

sources.
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BASE DETERMINATIONS

Discussion, Results

The bacterial DNA samples obtained from the prior experiment
by phenol extraction were hydrolyzed with formic acid and subjected
to bage composition anslysis by paper chromatography. Analysis followed
the general procedures described for tﬂzé techniques, choosing the one-
dimensional ascending technique at room temperature.

A get of controls were prepared to provide a basis for com-
parisons of separation and identification of components and correlation
with known Rf values. Individual base controls were cotiposed of known
purine end pyrimidine bases prepared in HCL--adenine, gusnine, thymine,
cytosine, uracil, and S-hydroxymethylcytosine. A mixture of these
bases as well as a commercial grade of DNA and RNA, treated with acid
hydrolysis in fashion similar to the bacterial DNA samples also were
analyzed.

Several different sets of chromatograms were developed in the
two golvent systems employed -- isopropanol-HCl and isopropanol-NH3.
All tests reflected varying problems. The first problem was insufficient
resolution of the control bases (TABLE Ia). In many cases, guanine,
adenine, and thymine failed to appear on the chromatograms in either
solvent system. It is probable that the amount in solution or applied
to the paper was insufficient. Messured quantities of each base must

be used for controls. Solubility differences were observed. Thymine
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appeared most soluble. Both cytosine and $~hydroxymethyleytosine were
readily soluble. It is suggested that repeated epplication of all

samples be made at the origin of each chromatogram. Cytosine was ob-
servable in both solvent systems with Rf values felling within the range
of the values reported for the same system {TABLE X}. Yt should be noted,
however, that the vealues given were obtained by descending chromatography
(3), but ascending values have been reported not to differ.significantly,
but they are frequently somewhat lower. We found S5-hydroxymethylcytosine
was discernible only in the isopropanol-~HCl solvent.

Similar problems frequently were encountered in the resolution
of the control base mixture {TABLE II). Separation of only one component,
cytosine, commonly was observable in the isopropanol~HCl system with
correlation in position and value to the individual base control. A
nucleic acid sample that has been extracted suitably and prepared free
of extraneous contaminating substances should chrometograph with good
separstion and reflect a distinct base component profile, a profile
representing relative purity of the originel sample obtained. This
was demonstrated for the analysis of the commercisl DNA sample in the
isopropanol~HCl system, with visible separation into four components
and slightly higher Rf values. In the second solvent, resolution was
less distinct and values relatively unsatisfactory for comparison pur-
poses. The commercial RNA sample was poorly resolved and proved less
usaful. Unfortunstely, the class bacterial DNA samples generally prove
even less desirable for analysis. In the second experiment, resolution

appeared as a continuous band profile with faint separation of possibly
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one component, identifiable by position and value as cytosine {TABLE
I1I}. The limited success may be attributable to an impure DNA sample,
in which the extraction was poor, leaving contaminating substances
which interfered with appropriate separation and resolution of compo-
nents.

The thin-layer chromatography on silica gel plates has already
been described as useful in the study of nucleic acid components. It
is expensive and further study of procedures and development of appro-
priate materials will be needed to modify this method to class condi-
tions.

Under the present experimental conditions, various problems
have been encountered that limit successful anslysis of nucleic aeid
samples. Paper chromatography has demonstrated utility as one method
for analysis, especially as a means of determining composition and of
relating purity of semples. Extension into the extraction of other
DNA phages, RNA phages, mammalian viruses, or mammalian cell DNA
should provide interesting comparisons for analysis of nucleic acids

from a variety of these sources.
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TABLE I. Rf Values of Purine and Pyrimidines#®

Solvent
Base Componeuth Isopropancl-HCl Isopropancl-NHg
Adenine 0.37 0.32
Guanine 0.16 0.22
Cytosine 0.22 0. bk
Thymine 0.52 0.76
Uracil 0.38 0.66
SeHydroxymethyleytosine 0.25 0.4k

% B, Chargaff and J. Davidson, The Nucleic Acids, Volume I, Chapt. T,

Academic Press, 1955.




TABLE Ta. Rf Values.for Control Base Samples

Base Component

Solvent System

Isopropanol-HC1 Isopropanol-Nil3

Adenine
Guanine

Cytosine

Thymine

S5-hydroxymethylcytosine

Uracil

0.22
0.29
0.27
0.28
0.1k
0.23
0.16
0.1k

not done
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TABLE 11I. Rf Values for Control Mixtures

Component Solvent System
Control Identified Isopropanol-HCl Isopropanol-NH3

Base Mixture Cytosine 0.23 _—
0.32 —

Commercisl DNA  Adenine 0.47 0.54
Guanine 0.30 ——

Cytosine 0.38 0.62

Thymine 0.64 0.92

Commercial RNA Cytosine or 0.3 0.4k

Thymine
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TABLE III. Rf Values for Class Bacterial DNA (E. coli B)

Experimental Component Solvent System

Sample Identified Isopreopanol-HC1 Isopropancl-NH,
Sample la — —_— ——
Sample 1b — —— ——
Sample 2a Adenine 0.372 -—
Sample 2b Cytosine - 0.47




ANIMAL VIRUSES: IN VITRO STUDIES

Discussion, Results

A. Preparation of Cell Monolayers -- Growth in Serum-free Media

Investigations have already been described which successfully
employed serum-free medium for growth of a variety of cell lines in sus-
pension cultures. An attempt is made here to evaluate the growth of
cultures of chick cells in serum-free medium, especially in heat-
stable, autoclavable peptone medium introduced by Nagle {5). Studies
also were conducted with the more recently introduced heat-stable
glutemine-~free chemically-defined medium developed by Nagle and Brown
(8). Cells were prepsred as described in the laboratory procedures,
suspended in sSerum-free medium and dispensed in glass tissue culture
dishes. Observations of monolayer formation were made at 37 C incu-
bation under C0y and normel incubation at 37 C, with consideration
of attachment of cells to surface, pH chenges, and appearance of cell
sheets. Comparisons were masde with control cells grown in serum-
containing medium (Eagle's minimal essential medium).

Initia] attempts to grow monolayer cultures proved unsuccess-
ful, a5 cells remained rounded and failed to attach to the plate surface.
It was possible, however, to obtain what appeared to be confluent
c21] monolayers under C02 for both types of media. Cell attachment
was evident, and comparisons with control cultures indicate no signi-
ficant differences in pH changes or appearance during early periods

of growth. However, dfter 18-2h hours of growth, some difference in
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the completeness of the cell sheet can be discerned. There was & less
pronounced flattening and elongation of cells grown in serum-free
media.

Cell ecultures grown and maintained in peptone medium in
pyrex milk dilution bottles thus providing an airtight atmosphere
vere observed to grow with some Success and form cell sheets similar
in appearance to peptone plate cultures under €02 and with 1little
PH change.

Studies were eventually extended to the growth and maintenance
of continuous cell lines in serum-free media. Hela and mouse L-cells
gave little Success upon initial transfer of cells direetly into the
medium. The cells would not attech and remained rounded. Each cell
line was then slowly exposed to varying portions of serum-free
and serum-containing media. Growth has been reported for suspension
cultures, but it is apparent that a longer period of adaptation is
required for monolayer cultures.

It has been noted that the serum-free medium employed appears
to be nutritionally complete and adequate as chick cells are able
to adapt and grow with some success. However, it should be considered
that since the nutritional environment has been modified from the
standard serum-containing media, e.g., a possibie lack of additional
growth factors, differences and elterations do exist. There may be
qualitative differences in the formation and fine)]l appearance of mono-
layers in serum-free media. Addition of serum to the serum-free media

produced cell sheets comparable to control cultures.
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B. Virus Growth and Plaque Assay on Serun-free Grown Monolayers

Serum—-free cultures of chick cell monolayers were prepared
as previously described and evaluated as to whether they could serve
as effective systems for virus titrations. Plaque assays were conducted
employing the large plaque variant of Sindbis virus. Plaque formation
was investigated with respect to visibility of plaques, size, and numbers.
Studies with the initial serum-free peptone cultures at one or two days
of growth yhen monolayers seemed apparent indicated production of plaques,
but results were variable, being influenced by the degree of confluecnce
of the monolayers. When growth of monolayers in serum~free medis
appeared consistent, assays were carried out and comparisons made
with assays on serum-containing control grown cultures (TABLE I and II).
The plaques produced on the peptone-grown monolayers were visible,
countable, but diffuse and less distinct as well ag smaller than
were the control culture plaques. In most cases, virus titers were
comparable (TABLE I and II). Growth of cells and reading of assays
may be facilitated on plastic plates, but no great difference was
apparent (TABLE II).

Serum~containing cultures produced visible and prominent
large plaques. With the addition of serum to the serum-free peptone
overlays, it was possible to obtain plaque enhancement to a degree
similar to control cultures. It also was noted that overlay »f serum-
free media on control cultures did not diminish visibility of plaques,

but did increase plaque numbers (TABLE I}.
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Serum-free cultures of chick cell monolayers were investi~
gated for their competence in supporting viral replication, as determined
by monitoring the growth cycle of the large plaque variant of Sindbis
virus during a 24-hour period. Perallel growth in serum-containing
cultures were also monitored for comparisons and showed comparable
results in virus growth rates and titers to those in serum—containing
control cultures (GRAPH 1). It is also noted that storage of virus
sample at 4 C for a short period indicated no greater decrease in
original titer of the serum-free stock than for the control stock.

A more prohounced decrease in virus yields was indicated after 10-12
hours of growth in the serum-free medium than in the control cultures
(GRAPH 2).

Presently, from the various studies described, serum-free
cultures appear to provide a possible system for virus assay. Differing
from conventional serum—containing cultures, the preparation of media
involved fewer components and can be autoclaved easily rather than
being sterilized by time—consuming filtration. Results indicate that
the state of cell and consistency cf monoluyer growth are important
in plaque formation. The observed higher efficiency of plating with

serum~free medium reflect enhanced cell protection as well as non-~

specific virucidal activity.
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Both Figures: Growbth of LP Sindbis virus in serum-free and serum~containing
media.
Figures 1-2.
Serum-free and serum-containing cultures of chick cell

monolayers were prepared and infected with LP Sindbis virus at
time zero. At indicated time intervals during a 24 hour growth
period, duplicate samples of virus were harvested and later assayed
for virus titers.

e serum-containing
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TABLE I. Plaque Assay of Sindbis Virus (LP) on Serum~free

(Peptone) and Serum-containing {(Eagles) Monolayer

Cultures
Type of Overlay--PFU per ml
Assay No. Cultures Serum-free Serum=-containing

1 Pep-1 day 1.0 x 10° 7.0 x 108
Pep-2 day 1.0 x 10° 7.0 x 108

2 Pep-2 day 1.7 x 109 1.4 x 109
3 Pep-2 day 2.4 x 109 2.0 x 109
L Pep-1 day 1.7 x 108 7.5 x 107
5 Pep-1 day h.h x 107 6.8 x 107
1 Eagles-1 day 9.6 x 108 8.5 x 108
Eagles-2 day 1.1 x 109 5.4 x 108

2 Eagles-2 day 9.8 x 108 8.4 x 108
3 Eagles-2 day 9.0 x 108 8.4 x 108
4 Fagles-2 day 1.3 x 109 1.0 x 108
5 Eagles-1 day _— 7.0 x 108
Glu-l day 1.0 x 109 8.8 x 108

Glu~2 day 1.5 x 109 5.4 x 108

These results represent initial plaque assay studies.

Comparisons are made with the corresponding assay numbers indicated
and the days indicate the age of the monolayers when employed
for the assay.

Assay was conducted on glass tissue culture plates.

Virus adsorption was at 37 C for 30-60 minutes. Plaque readings made
after 2 days of incubation at 37 C under CO,.
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TABLE II. Plaque Assay of Sindbis Virus (LP) on Serum~free
(Peptone} and Serum-containing (Zagles) Monolayer
Cultures
Types of Tissue Culture Plates
Assay No. Cultures Plastic Glass
1 Pep-1 day 2.2 x 10? 1.7 x 109
2 Pep-1 day 6.2 x 109 7.2 x 108
1 Eagles-1 day 9.0 x 108 7.5 x 108
2 Eagles-~l day 1.0 x 1¢° 1.6 x 10°

These results represent recent plague assays performed on

60 mm plastic and glass tissue culture plates.

adsorption at 37 C for 30-60 minutes.

Virus

Plague readings made after 2 days incubation at 37 C under COz.




IN VIVO STUDIES

Discussion, Results

Outbred conventional white mice, newborn and young adult
weanlings, were inoculated with anesthesia intracerebrally and intra-
peritoneally with large plaque Sindbis virus containing about 10% PFU
per ml. Under these eXperimental conditions, mortality rates for
newborns injected IC occurred between the Lth and 5th day, whereas
newborns injected IP died between the 6th and Tth day. The onset of
infection was manifested by several symptoms including decreased
activity in movement and developing paralysis of the limbs with cul-
mination in death. For weanlings injected IC and IP, however, both
groups of mice remained well, showing no signs of apparent infection
during a two week period.

Organs were collected 2 days and 5 days post~inoculation
and prepared as homogenate suspensions for virus titrations. The
results indicate that virus multiplication in both ages ¢‘ mice was
apparent but to a lesser degree in weanlings (TABLE I). The high
viral titers in the prain tissue (a major target orgen) and in the various
organs of the newborn mice groups reflect widespread infection. A high
viremia should be present as well, but the assey of the serum samples
did not confirm this. This is time-dependent. The viral content in
weanling organs showed limited multiplication, as indicated by the lower

titers. Assays of serum samples were variable with presence of virus
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2 days post-inoculation and no detectable virus after 5 deys post-
inoculation.

The data presented show that changes in susceptibility to
Sindbis virus infection is age-dependent, @3 resistance develops
with increasing age. Newborns lack & mature defense system and
therefore are subject to infection which results in death whereas
weanlings have developed resistance and are able to slow the progress
of Sindbis infection.

Different studies have been cited (1) which have suggested
that this resistance phenomenon may be attributable to & number of
pogssibilities including development of some type of anatomical barriers
in the resistant animals cells, a change in receptor site profile
of the brain tissue of adult mice, an increased activity in the immune
response, or resistance by maturation of the defense system gas a function

of age.

268




TABLE I. Recovery of LP Sindbis Virus from Various Organs and Tissues of

Newborn and Weanling Mice

Day of
Age of Mice Harvest Route of FFU PER GRAM OF TISSUE
(Days) p.i. Inoculation Brain Spleen Liver
Newborn (2) 2 days Ic 3.7 x 108 2.1 x 108 1.5 x 108
3.2 x 108 2,3 x 106 1.1 x 108
IP 3.5 x 106 2.3 x 105 8.6 x 10°
2.8 x 108 3.6 x 10" 4.1 x 108
Weanling 2 days ic 4.5 x 105 1.2 x 103 1.1 x 105
{20}
IP 9.6 x 10° 1.5 x 103 2.1 x 10%
5 deys Ic 3.5 x 10* 8.0 x 10} 8.6 x 10}
IP 3.2 x 10% 1.4 x 102 2.9 x 102

Inoculum of 0.05 mls of Sindbis virus stock injected intracerebrally and

intraperitoneally into both ages of mice.
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MEDIA

Tryptose Phosbhate Broth:
29.5 grams commercial tryptose phosphate broth powder
1000 mls distilled water

Autoclave and store at % C.

Nutrient Broth:

8 grams Difeo nutrient broth powder

5 grams NaCl

1000 mls distilled water; adjust to pH T.k.

Autoclave and store 8t L C.

Synthetic M9 Medium:

Prepare the following 3 sterile solutions:
(1) L40% glucose
40 grams glucose (dextrose)
100 mis distilled water
(2) salts in 10-fold concentrations:
10 grams NH,Cl
30 grams KHyFO,
60 grams Na,HPO,
1000 m}s distilled water
(3) MgS0, - THLO:
26.6 grams MgSO, - TH,0

1000 mls distilled water

271
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Combine the following amounts to prepare the stock solution:
75 mis glucose (to give 3% final concentration)
100 mis salts
10 mis MgSO,
815 mis sterile distilled water

Mix and store at b C until yse.

Diluent Broth:

Prepare nutrient broth as described above.

Prepare physiological seline:
9 grams NaCl g
1000 mls distilled water
Autoclave.

Mix as 1 part broth to b parts saline. Keep chilled until use.

b
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AGAR MEDIA

Soft Qverlay:

29,5 grams tryptose phosphate broth powder (May substitute nutrient
broth powder for TPO,.)

9.0 grams agar

1000 mls distilled water

Steam mixture to melt agar. Dispense as 2.5 ml or 7.5 ml volumes into
tubes. Autoclave. Tubes should be stored at 4 € until use,

when steamed to melt.

Basa]l Agar Plates:

29.5 grams tryptose phosphate broth powder (May substitute nutrient
broth powder for TPOy.}

18.0 grams agar (1.8%)

1000 mls distilled water

Autoclave. Dispense as 18-20 mls per sterile petri dish.

Agar Slants:

29.5 grams tryptose phosphate broth powder

1.5 grams agar (1,5%)

1000 mls distilled water

Steam to melt agar. Dispense as 5 mls per screw Cap tube. Autoclave.
Slant tubes and sllow to solidify. Allow to cool at room temperature

overnight, Check and discard contaminated slants. Store at 4 € until

use.

Q 2 ?t?
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Salt-free Agar Plates:

10-20 grams Bacto-tryptone
1 gram glucocse

10 grams ggar

1000 mls distilled water

Autoclave and adjust to 7.2. Dispense 15-20 mls per plate.

Salt=-free Agar Overlay:

10 grams agar
1000 mls distilled water

Autoclave and dispense 2.5 mlg per tube.
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REAT-STABLE PEPTONE MEDIUM

Add the following components to distilled water:

Component Amount L)
Bacto-Pzptone (Difco) 1000
Proteose Peptone {Difco) 1000
HaCl 7400
KC1 400
CaCl, * 2H,0 265
MgCly - 6H20 275
NaH,PO, + H,0 100
Glucose 1000
Ha Pyruvate 110
L-cysteine * HC1 75
L-glutamine 200
Phenol Red 15

Be sure all the components are dissolved. The solution may be
dispensed into 100 ml serum bottles and autoclaved for 15 minutes.

Allow the solution to cool and store at 4 C until use.

At the time of cell inoculation, add sufficient sodium bicarbonate

(5%) to give the desired pK {cherry red color).

262



HEAT-STABLE GLUTAMINE-FREE CHEMICALLY-DEFINE MEDIUM

1. Each of the following components is dissolved ih the appropriate

amount of hot distilled water {970 mls):

Component Amount (g/L)
L-alanine 0.4
L-arginine 0.1
L-asparagine 0.3
L-cysteine HC1 0.075
L-glutamie acid 0.15
L-histidine HC1 0.06
L-isoleucine 0.15
L-leucine 0.3
L-lysine 0.3
L-methionine 0.06
L-phenylalanine 0.12
L-proline 0.3
L-serine 0.3
L-threonine 0.135
L-tryptophan 0.06
L-tyrosine 0.12
L~valine 0.15
Glucose 3.0
Na pyruvate 0.11

Q 22:76;

l;}glﬂ;‘ 263




20

26}

Component Amount (g/L)
NaCl 7.4
KC1 0.4
CaCl2 - 2H20 0.265
‘Ferric NHy citrate 0.003
MgCly, « 6HpO 0.275
NaHoPO, + H0 0.3
7Zns0y * THoO 0.003
Phenol Red 0.0

Prepare the following vitamin solution as & 100x solution by adding

the following ingredients to distilled water:

Component Amount (g/L)
D~biotin 0.1
Choline-Ci 5.0
Folic acid 0.1
Nigeinamide 0.1
Ca Pantothenate 0.2
Pyridoxiasl + HC1 0.1
Thiamine « HC1 0.1
I-inositol 0.1
Riboflavin 0.01
B12 0.002

The vitamin stock mey be frozen and thawed for use, Add 10 mls

of the 100x stock per liter of glutemine-free medium,
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3. Autoclave the first mixture for 15 minutes. Allow to cool and dispense
to 100 ml sterile serum bottles. When ready for use, add 5% sodium

bicarbonate to obtain the suitable pH (cherry red color).




HANKS' BALANCED SALT SOLUTION (10x)

Component Amount L)
NaCl 80.0
KC1 k.0
Mgs0,, - THy0 1.0
MgCl, - 6H20 1.0
NaoHPO, « 2H,0 0.6
KHoPQ, 0.6
Glucose 1¢.0
Phenol Red .2

#CaCls 1.4

Procedures:
1. Add components individually to 1/2 the final volume of distilled

water. Allow each to dissolve,

*2, Prepare a separate solution of CaCl; and add as the last ingredient
to the solution to give the sufficient concentration indicated.

It is noted that CaCl, requires some time to Gissolve in solution.
3. Bring up to final volume.

4. Correct the pH with saturated sodium bicarbonate solution (cherry

red color}.

5. Filter sterilize. Store at room temperature.
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PHOSPHATE BUFFERED SALINE (PBS} 10x

Component Amount (g/L)

NaCl 80.0

KCl 2.0

Na,HFO, 11.5

KH, PO, 2.0

H,0 Bring volume to 1 liter

Procedures:

1. TFirst dissolve NasHPOy in 200 mls of water.
2. Add 1/2 the final volume of water to the dissolved NajsHPOy.
3. Add the remaining components.

4. Bring up to the correct volume.

TRYPSIN (0.125%)

Mix the following components:
1 vial of Difce trypsin
40 mls of 10x PBS

360 mls of sterile water

25¢)
267




APPENDIX II1

Adids for

Individual Experiments
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PREPARATION OF BACTERIAL CULTURES

A. Indicator Cultures
1. Inoculate loopful of bacteria from stock slant culture into a
volume of broth media in Erlenmeyer flask (medium volume
should not exceed 1/5 flask capacity). T

2. Incubate on shaker with vigorous action at 37 C for 18-24 hours.

B. Log Cultures (2.5 hours)

1. Prepare an 18-24 hour cuylture.

2. Mske a 1:200 dilution of the overnight culture into fresh,
prewarmed media.

3. Incubate the culture at 37 C for 2 to 2.5 hours, depending on
the type of bacteria employed, the type and volume of medium
used. For example, a log culture of E. coli 8, grown in
TPO,, can be obtained within a 2 to 2.5 hour period, containing

3-5 x 108 cells per ml.

C. Lysogenic Cultures

1, It has been observed that the growth of the experimental culture
of E. coli K12 {1} is facilitated in an enriched medium such as
TPOH broth.

2, Inoculate from slant culture into the appropriate medium and
incubate at 37 C 18-24% hours. Prepare a log culture by dilution
of overnight culture into fresh, prewarmed medium (1:200).

incubate at 37 C for 2.5 hours.

o 252
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Centrifuge the culture at 2000 rpm in an Internafional centrifuge
for 20 minutes to pack cells. Resuspend the pellet in the same
volume of synthetic M9 medium.

The culture can be exposed to UV irradiation. The source of

UV employed was a GE germicidel lamp at a distance of 20 om

for 5 seconds.
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+  PREPARATION OF PHAGE STOCKS

Broth Method

Prepare an overnight culture of E. coli B in one of several broths--
tryptose phosphate broth, nutrient broth, or synthetic Mg.

From the overnight culture, prepare a young culture by dilution
(1:200) into fresh, prewarmed media. Any volume msy be used.
Incubate on & shaker &t 37 C for 2-2.5 hours at which time the
opticael density of the culture &t 550 mu should have reached &
reading of 0.5 to 0.6, For synthetic medium & longer lag veriod
cen be expected, epproximately 3-4 hours.

Infect the culture with the desired phege at a M.0.I., of 1 phege
per 50 cells. Aerate the mixture vigorously, or place on & sghaker
with vigorous action &t 37 C for 5-6 hours.

At the end of the incubation period, &dd chloroform (1 ml per 20
mls of culture) and shake an additional 15 min at 37 C. Transfer
the contents to & sterile centrifuge tube or bottle and centrifuge
at 6000 rpm for 20-30 min to sediment cellular debris. Save the
supernatant as phege lysate., Add a sma)l amcunt of chloroform to
the lysate to help maintain sterility, shaking vigorously for a few
minutes, Allow to settle.

Titrate the phage stock, storing at 4 C.

This method allows for the preparation of several hundred milliliters

of lysate with a phage yield cf 1-5 x 1010 yirus particles per milliliter.

27
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Plate Method

Determine the near confluent lysis titer of the phage stock by the
conventional soft agar overlay technique.

Prepare & 12-15 hour culture of E. coli 8. Inoculate 30 basal

sger plates using 0.1 ml of the indicator culture and 0.1 ml of the
near confluent lysis dilution of the phage into each of 2.5 ml of
soft agar overlsy.

Overlay and allow to solidify. IYncubsate 8ll plates at 37 C for

12-15 hours.

Harvest the plates by addition of 3 mls of warm medium per plate.
Allow the plates to sit for 15-20 minutes.

Gently scrape off the soft agar layer with a sterile glass

L-rod into a sterile Ten Broeck tissue homogenizer. Homogenize

with three to four pestle strokes. Decant homogenate into sterile
centrifuge tubes or bottles. Complete a)l thirty plates in a similar
menner. Rinse homogenizer with 5-15 mls of mdditional medium and
decant into bottle.

Add chloroform to the pooled homogenates (1 ml per 20 mls of culture).
Sheke vigorously. Centrifuge at 7500 rpm for 10-15 minutes. Decant
and save the supernatant gs phage lysate. Additional chloroform

mey be added to maintain sterility. Titrate and store at 4 C.

This method allows preparation of about 100 mls of phage lysate

with a yield of 10%-1010 phage particles per milliliter. Alternatively,
the soft agar laeyer may be homogenated through a large syringe

{30 or 50 ml), or scraped directly into a centrifuge bottle with no

R85




homogenization,

Add the chloroform; shake vigorously and centri-

fuge. Phage yields gre comparable,
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PREPARATION OF PHAGE ANTISERA

Immunization

Materials:

sterile syringe

70% ethanol

cotton or gauze pads

2 rabbits for each phage stocks

designated phage stocks {10!0 to 10!! PFU per ml)

Procedure:

1. Centrifuge crude phege lysates several times at & moderate
speed {(e.g., 6000 rpm for 15-20 min) to remove bacteria and
debris before use.

2. Beveral routes of injection may be used -- subcutaneous, intra-
venous, or intraperitoneal. Subcutaneous is the more simple
method.

3. Sterilize the skin ares by rubbing with T0% ethanol. Before
injection, check syringe to avoid air embolism. Tap lightly
to dislodge any trapped air bubbles.

b, Two 1 ml injections per week over & three week period appear
to be adequate. A booster injection will increase the final
serum titer if given about two weeks after the end of the first

course.
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B, Collection of Antisera

Materials:

inoculated rabbits

Goose neck lamp or Xxylene

soap and water

sterile centrifuge tubes -~ 30 or 40 ml

gauze or cotton

razor blades

Procedures:

1. The animals are usually bled one week after the last injection.

2. Carefully shave over the inner marginal vein of the right ear
with the razor blade.

3. Dilate the vein with a heating lamp or rub with xylene.

h, "With 2 quick stroke from the razor, mske & slit across the
marginal ear vein sufficient to nick but not sever the vein.
Hold the top of the ear in a horizontal position and allow the
blood to drip into & centrifuge tube, {Collect an initis]l test
sample of 2-3 mls if desired).

5. If xylene is used, wash the area with soap and water before
Placing a piece of cotton over the cut, Press firmly agnd remove
vhen bleeding has ceased.

6. Aliow the blood to clot at 37 C and carefully separate the clot
from the tube wall. Place in the refrigerator overnight.

7. Centrifuge at 1000 g {2500 rpm} in an International centrifuge

for 15-20 min.
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8. Remove the serum with & sterile Pasteur Pipette. Repeat cen-
trifugation to remove residusl red blood cells or bits of clot.

9. Assay the test sample for gserum Potency. If adequate, rabbit
may be bled egain, collecting as much as 40-50 mls of blood
every two~three days for two weeks using the procedure de-
scribed. )

10. After a week's rest, the rabbit may be given a second set of

iciections and bled 8gain. All serum samples can be stored
in screw cap vials or bottles and preserved by freezing at

=20 C, 7Tt is desirable to freeze in small aemounts.

Testing Potency of Antisera

Materials:

homologous and/or heterclogous phage stocks {(diluted to a level
of 1-5 x 107 PFU per ml)

antisera semples

basal agar plates

soft agar overlays

sterile dilution tubes

chilled diluent

sterile 1.0 ml pipette

sterile 10 ml pipette

ice bath

Procedures:

1. Dilute the test antisera sample to various concentrations, e.g.,

3-fold, 10~fold, and so forth.

289

]




k.

5.

The dilution of antiserum that yields 50-250 PFU per mi is the most
useful for neutralization tests. -
A more approximate and precise walue for serum potency may be

determined from the eqQuation:

All samples and materials should be prewarmed at 37 C for 10-15
nin to avoid temperature shifts during the experiment.

At time O transfer 0.1 mi of each test antisera dilution and

rix with a 0.9 mi phage sample. Immediately make the appropriate
dilutions. Inoculate 0.1 mi of the selected dilutions to seeded
soft agar overlays and plate.

Repeat procedures at 5' and 30' for each antisers concentration.

Incubate all plates 18-2h hours at 37 C. b

A DN s

K = 2.3D/t 1log B/P
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PREPARATIONS FOR Th MORPHOGENESIS

Preparation of Th Amber Mutants

1.

Prepare an overnight culture of the permissive host E. coli
CR63 in broth. Incubate at 30 C on shaker.

Prepare a log phase culture of E. coli CR63 by dilution of the
overnight culture 1:200 into fresh medium. Incubate at 30 C
for 2 - 2.5 hours with an approximate optical density reading
of 0.5.

Infect with the desired amber mutant (Th am N52, B252, B17,

or XiE) at & m.o.i. of Q.01 PFU per céll. Shake while incubating
at 30 C for 5-6 hours.

Adéd chloroform (1 mi per 20 mls of culture) to lyse the cells.
Shake for 15-20 minutes.

Centrifuge at 6000 X g for 20 mimutes.

Decant and save supernatant as phage lysate. Phage stocks are
titered using the permissive host E. coli CR63. Preparation
of phage stocks under these conditions for 100¢ mis of culture

will give & phage titer of 105-10% PFU per mi.

Preparation of Infected-cell Extracts

1‘

2‘

Prepare an overnight culture of the non-permissive host E. coli

B. Incubate at 37 C on shaker.

Prepare a log phase culture of E. coli B by dilution of the over~
night culture 1:200 into fresh medium. Incubate at 37 C for

2.5 hours to obtain approximately 5-7 x 10% cells per mi. Prepare

25 ﬂ!s of culture for each gtudent assay extract.
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3. Cool the culture to 30 C at room temperatur:e or in an ice bath.

4. Infect the culture with the desired mutant (amN52, B252, or
Bl7) at & m.0.i. of 4 PFU per cell. Aerate vigorously at 30
C for 30 minutes.

5. Cool the culture in an ice bath for 5-10 mimutes. Centrifuge
at 5000 x g for 10 minutes in Sorvall refrigerated centrifuge.

6. Resuspend the cell pellet in 2 mis of buffer containing DNAse
at 10 pg/ml for each 25 mls of culture prepared. The cell pellet
will be very viscous and will require pipetting to obtain adequate
digpersion.

7. Transfer to & screw-capped tube. Freeze the pellet in a dry
ice«athanol bath. Thaw at room temperature.

8. The cell extracts may be used after thawing, or stored by
refreezing in the dry ice-ethanol bath and kept at =20 C

wntil use.

Preparation of Tail-Fiberless Particles

1, Prepare an overnight culture of E. coli B at 37 C.

2. Prepare a log phase culture of E. coli B by dilution of the
overnight culture 1:200 in fresh medium. Incubate at 37 C
for 2.5 hours to obtain about 5-7 x 10% cells per ml. Prepare
25 mls of culture for each student assay extract.

3. 1Infect with the mutant emXAE at & m.o.i. of 4 PFU/cell. Aerate
the culture for 3 hours at 30 C. Lyse with chloroform (1 mi

per 20 mls of culture). Sheke for an additional 10~15 minutes.
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E L, Centrifuge at 5000 x g for 10 minutes to remove cell debris.

| Save the supernatant and centrifuge in the ultracentrifuge at
35,000 x g for 1 hour to sediment the tail-fidberless particles.

5. Decant and resuspend the pellet with 2 mls of buffer containing
DNAse (10 pg/m}). Obtain an optical density resding of 1.0
at 265 mp. Assume a phage particle concentration of sbout 1.0 -

1.2 x 10}! particles per mi.

D. Preparation of Reagents

1. Buffer
Prepere 1 liter of 5uffer with the following ingredient concen-
trations:
0.039 M Na,HPO,
0.022 M KH,PO,
0.07 M NaCl
0.01 M Mg50,
Adjust to pH T.4. Ad4d DNAse at a concentration of 10 ug/ml.
2. Deoxyribonuclease (DNAse)
(Bovine, grade 3, obtained from Miles-Seravac (Pty) Ltd.)
with the following data:
Activity 390 u/mg »
Salt-free
Absorption E280 = 12.5
Lyophilized, stored below O C

For use, add the desired amount to buffer.
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PREPARATIONS FOR ENZYME INDUCTION

Preparation of Substrates

1, lactose and glycerol
These inducers are used as & 0.5% solution (weight/vo;ggg) in
synthetic medium containing no glucose. o

2. metbyl-B-D-thiogelactoside (Sigma Chemical Company, St. Louis)
This reagent is used as a 0.004 g.(M.W. 210.3) solution in

synthetic medium conteining no glucose.

Preparation of Reagents

1. N-methyl-N'-nitro-N-nitrosoguanidine (Sigma Chemicel Company,
St. Louis)

CAUTION: This is & carcinogenic a#d mutagenic agent. Avold

skin contact.

Dissolve the nitrosoguanidine in sterile water or directly

in the appropriate media at a concentration of 20 ug/ml (M.W.
147.1}. It should be noted that nitrosoguanidine does not go
into solution reedily. Frequent agitation of the mixture is
required to gid in solution.

2, O-nitrophenylgelactoside {Sigma Chemical Company, St. Louis).
This color indicator is used &s & 0.013 M (Anhydrous, M. W. 301.3)
solution in 0.01 M phosphate buffer at pH 7.0, just prior to use.
Prepare & 0.2 M stock phosphate éuffer containing monobasic
phosphate (NaH,PO, + H,0) and dibasic phosphate (NaliPO,) in

distilled water. To obtein pH 7.0, mix the solutions in the
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following proportions:

e

39 mis of 0.2 M NaHpPOy + Hz0 + 61 mis of 0.2 M NeHPO,

For use, dilute 1:20 to obtain a 0.01 M phosphate buffer.
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PREPARATIONS FOR DNA EXTRACTION

Preparation of Bacterial Cell Mass

Prepare 100-200 mls of & 15-18 hour E. coli 8 culture grown in tryp-
tose phosphate or nutrient broth at 37 C. Centrifuge the culture

at 6500 rpm for 15-20 minutes. Wash the pellet with saline-citrate
buffer and recentrifuge. This method should provide sufficient

cell mass for one DNA extraction (approximately 1 ml packed cells).

If a large number of cell pellets are required, the batch method may
be employed. A large vat containing 1L-16 liters of medium is ino-
culated with 100 mls of & 24 hour culture of E. coli # and incubated
at 37 C. Bubbling air through the culture to increase oxygen tension
will aid in increessing the rate of bacterial cell growth. Centri-
fuge the culture and pool all cells. Wash with saline-citrate

buffer and centrifuge again. Determine the cell mass needed and
resuspend the centrifuged culture in an appropriate amount of saline-

citrate buffer. Distribute as 1 ml sample for each student extraction.
If necessary, the cell pellets may pe stored at b C until use.

Preparation of Reagents

1. Lysing Medium
Prepare the following solutions just prior to use:
1M Tris at pH 8.0
1.2 M EDTA (ethylenediaminetetraacetic acid)

Pgg white lysozyme, 4 mg/ml
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Combine in the following proportions:
100 mls 1 M Tris
k.5 mls 1.2 M EDTA .
2.5 mls lysozyme
For use, dilute the prepared solution 1:20.
Saturated Phenol
For effective results, the phenol should be redistilled to remove
contaminating ions'.w Prepare as a water-saturated, neutralized
phenol solution (80%) and store in dark bottles at & C until use.
Saline-citrate Buffer
Prepare & 0.15 M NeCl solution. Add sodium citrate to the salt
solution to give a final concentration of 0.015 M of sodium
citrate. Adjust to pH T.1l.
SDS Detergent
Prepare as a 1.5% detergent by addition of sodium dodecyl

or lauryl sulfate to saline-citrate buffer. AdJjust to pH 7.1.
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PREPARATIONS FOR BASE DETERMINATIONS

A. Preparation of Bas drolysates

l.

One day prior to use in the laboratory, transfer the spooled
DNA sample to a lyophilizing vial containing 0.5 ml of 88%
formic acid. Seel the tip vith. a hot flame.

Autoclave at 121 C (15 1bs pressure) for 1 hour.

Carefully break the tip of the vial and evaporate in an 80 C
vwater bath.

NOTE: It has been observed that a long evaporation periocd
(4-5 hours) is required. It may be shortened by directing air
from a fan blower over the viel to aid in circulating acid
fumes.

After evaporation, the samples are redissolved with 0.1 ml of
0.1 N Hel.

The sample is covered and stored at 4 C until use for analysis

the following day.

B. Preparation of Base Fluates

l.

Base discs should be cut out from the paper chromatograms and
shredded into smeller pieces. Transfer to clean test tubes.
Several hours prior to the laboratory {(4-6 hours), add 5 mls of
0.1 N HC1 to each test tube to immerse the shredded samples.
Place on a shaker for continuous &gitation during the extraction

period.
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L. The eluted samples are presented to students for centrifugation

and preparation for optical density determinations.

Preparation of Developing Solvents

1. Isopropanol~HCl System
Mix 65 mls of reagent isopropanol with 16.7 mls of 12 N HC1.
Bring to & total volume of 100 mls with deionized water.

2. Isoﬁfopanol—NHs System
Mix 85 mls of reagent isopropanol with 1.3 mls of NH,OH

(28% NH3). Add 15 mls of deionized water.

Preparation of Individual Bagse Controls

1. A quantity of each base should be measured and dissolved. The
solvents employed have been reported to resolve up to TS5 ug per
spot of each base. It is suggested that 100 ug of base be dissolved
in 0.1 ml HC1.

2. Apply 0.05 ml of the solution to each chromatogram. Trial runs
should be tested to determine whether this amount gives satis-
factory resolution. If not make appropriate modifidations in

the sample amounts; repeated spotting can be used.

Preparation of Base Control Mixtures

1. Dissolve the determined amount {from above) of each base into
0.1 ml HC1.

2. Subject commercially prepared DNA to acid hydrolysis with 88%

formic acid as described in section A, Preparation of Base

Hydrolysates.
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REFERENCES FOR PREPARATORY AIDS

Preparation of Bacterial Cultures and Phege Stocks

1.

Adems, M., Bacteriophages, Interscience Publishers, Inc., New York,
1959,

Adams, M., Methods in Medicsl Research, Volume 2, pp. 1-15, Year

Book Publishers, Inec., Chicago, 1950.
Eisenstark, A., Methods in Virolo&£, Volume 1, Academic Press,

New York, 1967.

Preparation of Phage Antisera
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W. A. Benjamin, Inc., New York, 1970.
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Preparation for DNA Extraction

Cantoni, G. L. and D. Davies, Procedures in Nucleic Acid Research,
Harper & Row Publishers, New York, 1966.

Preparation for Base Determinations
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Grossman, L. and K. Moldave, Methods in Enzymology, Volume XII,
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2. Wyatt, G. R. and S. S. Cohen, Biochem. J. 55: 774, 1953.

Preparations for Th Morphogenesis

Edgar, R. S. and W. B. Wood, Proceedings of the Nationsi Academy

of Sciences 55: 498, 1966.
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