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ABSTRACT.

Radioautographic and liquid scintillation techniques using 

uridine and thymidine were perform ed on Pseudomonas 

aeruginosa^infected HeLa cells to study the uptake of these labeled 

nucleic acid precursorso  Herpes simplex and poliovirus type 2, as 

well as Salmonella typhimurium, were used as controls in this study.

New evidence relating to the mechanism of plaque formation 

by P. aeruginosa in HeLa cell cultures is presented  in this paper. 

Radioautographic studies showed an increased  uptake of ^H-uridine by 

HeLa cells around the peripheries  of the plaques and in a reas  where 

bacteria  were visible p r io r  to the appearance of plaques. Liquid 

scintillation experiments confirm the increase  in ^H-uridine uptake 

by the infected HeLa cells. Conversely, there was no increase in the 

uptake of ^H- thymidine by the P. ae ruginosa-infe cte d HeLa cells as 

shown by the radioautographic studies. The liquid scintillation experi­

ments showed a large increase  in the uptake of ^H- thymidine by the 

infected cells, but this was shown experimentally to be uptake by the 

bacteria  them selves.



INTRODUC TION

In 1965, L,udovIci and Christian f i r s t  reported  the formation 

of v irus-like  plaques by bacteria  in  HeLa monolayer cultures (1)» 

Initially v ira l contamination was suspected but on continued incubation 

the fluid became turbid indicating the presence of bacteria .

F urther  investigation into this phenomenon revealed that 

Pseudomonas aeruginosa was the organism responsible for the v irus- 

like plaques in tissue culture (2). This bac teria l contaminant was 

traced  to a technician whose child had developed sum m er d iarrhea. It 

was found that s tra ins  of Pseudomonas fluorescens and Alcaligenes 

feoalis as well as P= aeruginosa were able to produce v irus-like  

plaques on a variety  of established cell lines. Plaque production was 

absent when stra ins of Salmonella typhosa, Escherichia  coli, and 

Staphylococcus aureus were tested .

This same study showed that newborn calf serum  (NBCS) was 

required in the media for plaque formation and that low concentrations 

( 1  to 2 %) perm itted  e a r l ie r  plaque formation than high concentrations 

(5 to 20%). There was a linear relationship between the number of 

bacteria  added and the number of plaques produced. The authors 

presented  p re lim inary  evidence suggesting that these organisms m ulti­

ply int ra  cellular ly.



Coleman, Janssen, and Ludovici (3) investigated toxins 

produced by P. aeruginosa which were cytopathogenic for HeL,a mono­

layers . They found that two types of toxin were produced. One type of 

toxin, designated Y, was produced in.the absence of NBCS but was 

neutralized by the addition of 10% serum . Another, designated Z, was 

produced in the presence of 10% NBCS. Since NBCS was required for 

plaque formation, toxin Z was implicated as a possible factor in the 

formation of v irus-like  plaques in HeLa m onolayers.

The sim ilarity  of plaques caused by P. aeruginosa and those
'■ - ' "
caused by v iruses  and the disadvantages of plaquing in a liquid system 

led Wexlar, Moore, and Ludovici (4) to a study of the agar overlay 

plaquing technique commonly used for virus titra tions. It was found 

that plaques would appear if NBCS was presen t in both the adsorption 

fluid and the agar overlay medium. The absence of serum  perm itted  

colonial growth but no plaques. It was suggested that NBCS might play 

a dual role in plaque production, f i r s t  stimulating bacte ria l  phagocy­

tosis by the HeLa cells and second acting as a nutrient factor required 

by the host cell for possible in tracellu lar multiplication of the bacteria .

V iruses that form plaques a re  known to have an in tracellu lar 

relationship with their host cells. The virus takes over the host cell1 s 

m achinery and manufactures m ore virus partic les by synthesizing, the 

appropriate nucleic acid cores and protein coats. The search  for



evidence to determine whether or not P. aeruginosa is actually phago- : 

cytized by the HeLa cells and multiplies from in tracellu lar loci to ; 

produce plaques led to this study of the uptake of RNA and DNA p re ­

cu rso rs  by infected cells.

The purpose of this re sea rch  was to determine whether the 

uptake of tr i t ia ted  uridine (3H-uridine) or tr it ia ted  thymidine 

thymidine), two specific labeled p recu rso rs  for RNA and DNA respec­

tively, by the HeLa cell would be affected under the influence of 

P. aeruginosa infectidiio Two methods were chosen to determine the 

uptake of the labeled p re c u rso rs ,  so that a comparison might be made* 

The two, methods were radioautography (using a liquid emulsion dipping 

technique) and liquid scintillation.



M A T E R IA L S AND M ETH O D S

B ac te r ia . The s tra in  of P. aeruginosa used was isolated by 

Ludovici and Christian (I) and stored  in the frozen state in liquid 

nitrogen at -196° C. It was maintained on nutrient agar slants through­

out the course of these experim ents. P r io r  to use, the organism was 

added to tubes containing 10 ml of 5% NBCS, Eagle 's  basal medium 

(EBM) with E a r le 's  balanced salt solution (BSS) without antibiotics and 

incubated at 37° C for 6  to 8  h r . Duplicate plate counts using Difco 

plate count agar were made to determine the number of organisms 

per  ml. The bacteria l suspensions were held at 4° C to prevent further 

multiplication, until they were used within two days.

V iru se s . The v iruses  used include an RNA virus, poliovirus 

type 2, Lansing strain , and a DNA virus, Herpes simplex, Mayo 1814. 

Virus stocks were made by growing the v iruses  on HeLa S3  monolayers 

in 32 oz p rescrip tion  bottles. After repeated freezing and thawing, the 

cell-v irus suspension was uniformly d ispersed  and placed in ampules 

and subsequently frozen at -65° C. The virus t i te r  of representative 

ampules was determ ined by the test tube dilution procedure and calcu­

lated by the method of Reed and Muench (5).

Cell cu ltu re . The propagation of stock HeLa S3  was done in 

6  oz p rescrip tion  bottles using 10% NBCS, EBM with BSS supplemented



with 100 units of penicillin and 0. 1 mg of streptomycin per ml. Twenty- 

four hr before preparing cover slip or tes t  tube cultures, the medium 

was changed to 5% NBCS,. EBM without antibiotics. A 0. 25% trypsin 

solution was used to re lease  the cells from the glass for subculture.

Cover slip cultures for the radioautography experiments were 

p repared  by using a slight modification of the technique of M iller and 

Ludovici (6 ). The 11 X 22 mm. No. 1 cover slips were seeded with

c
1 . 2 X 1 0  cells per  0. 4 m l of the medium previously described. The 

cell suspension was trapped between the cover slips and tubes. The 

tubes were allowed to stand horizontally in this m anner at room tem ­

perature  for 1 h r  to allow the cells to settle and attach to the glass 

cover s l ip s . The cover slips were then turned over and dropped to the 

lower surface of the horizontal tubes so that the cells could be covered 

with an additional 0. 6  ml of medium. The tubes were incubated for 

2 to 3 days at 37° C. P r io r  to their use in the radioautography experi­

ments, the cover slips were examined m icroscopically  for healthy 

monolayer sheets and the media was changed to 5% NBCS, EBM with 

BSS without antibiotics.

Tube monolayer cultures used in the liquid scintillation 

counter experiments were p repared  in 16 X 125 mm disposable Pyrex  

culture tubes. The tubes were seeded with 1 ml of the same medium 

containing 10^ cells. The tubes were incubated at 37° C for 2 to 3



days until a confluent monolayer ̂ developed, at which time the media was 

changed to 5% NBCS, EDM with BSS without antibiotics.

Isotopic compounds used . The tr i t ia ted  uridine used was 

obtained as 5 uridine from New England Nuclear (specific activity, 

26. 6  c/m m ole), A stock solution of 10 uc/mM was made using s terile  

double distilled w ater. For the radioautography experiments the stock 

uridine was diluted to 0 . 1 u c / 0 . 1 m l and 0 . 1 m l of this dilution was 

added to each tube to be labeled. In the liquid scintillation counter ex­

perim ents, 0 . 1 m l (containing 1 uc) was added to each tube to be labeled.

The tr it ia ted  thymidine was obtained as 5- m e t h y l - t h y m i ­

dine from the same source (specific activity, 16. 1 c/m m ole). A stock 

solution was made in the same manner and was diluted to 0 , 1 u c / 0 . 1 m l 

for the radioautography experiments and 2  u c / 0 . 1 ml for the liquid 

scintillation counter experim ents.

Radipautographic technique. The method used was basically 

that found in the Handbook of Cell and Organ Culture (7). The media 

was removed from all cover slip tubes and the cultures were infected 

with 0. 3 m l of bacteria  or virus suspension. During the adsorption 

period of 1 h r at 37° C, the 0. 3 m l of infecting suspension was trapped 

between the monolayer of cells on the cover slip and the glass surface of 

the tubes. After this adsorption period, 0. 7 m l of medium was added 

to each tube and the coverslips were dropped to the lower surface of the 

horizontal tubes as described previously.



Isotopes were added to cultures 20 min p r io r  to fixing the • 

cover s l ip s . This gave a 20 min pulse-label. The cells were incubated 

at 37° C during the pulse-labeling period, after which the cover slips 

were removed from the tubes with forceps and placed in Columbia sta in­

ing ja rs  to be washed in four changes of warm, sterile  BSS. Non- . 

labeled control cover slips were washed separately. All cover slips were 

fixed for ten min in absolute methanol. After a ir  drying they were fixed 

to the end of 1 X 3  inch slides with Perm ount (cell monolayer up) and 

allowed to dry at room tem perature  for several days.

Kodak NTB3 Liquid Nuclear Track Emulsion was used. The 

slides were coated with emulsion, a ir  dried, placed in tape-sealed, 

light tight slide boxes and stored at 4° C for the p roper exposure time. 

Exposure tim es were four days with thymidine and three days with 

^H-uridine.

Exposed slides were developed for five min in Kodak 19 

developer, placed in SB-5a stop bath for 15 to 20 sec, and fixed for five 

min in Kodak fixer. All solutions were kept at 21° C. The development 

procedure was ca rr ied  out in a darkroom equipped with a Wratten No. 2 

safelight, at a minimum distance of four feet.

The developed slides were washed for 20 min in tap water* 

rinsed in distilled water and immediately stained in 0. 25% toluidine blue' 

for three min. They then were rinsed two to three sec in 70% ethanol



and allowed to a ir  dry. A second cover slip was mounted over the o rig ­

inal cover slip to p ro tect the emulsion.

Isotope labeling counts. Two methods of determining the 

uptake of radioactive isotopes were utilized. The f i r s t  was actual grain 

counts to determine the average number of grains per cell. This tech­

nique was used for cells labeled with uridine when labeling was light. 

A m icrom eter  g rid  was used in the eyepiece of the m icroscope to a s s is t  

in these counts. The total number of grains and cells within the grid 

a rea  was determ ined for four randomly selected high power (X450) 

fields per  cover slip. From  these values the average number of grains 

p e r  cell for each cover slip was computed.

A different method was used for cells labeled with ^H-thymi­

dine because some cells were too heavily labeled to get an accurate 

grain count. The procedure used counted all cells having a grain count 

above background (five to seven grains per  cell). The percentage of 

labeled cells was computed from the number of labeled cells divided by 

the total number of cells in five randomly selected high power (X450) 

fields per cover slip.

Liquid scintillation technique. Monolayer cultures.of HeLa 

cells were p repared  as previously described. After the monolayers 

were washed with 5% NBCS, EBM with BSS without antibiotics, they 

were infected with 0. 5 m l of the bac teria l suspension and incubated for



one h r  at 37° C to perm it adsorption of the bacteria . After this period / 

0.5 ml of medium was added and the tubes reincubated.

At periodic intervals the tubes were pulse labeled for 20 min 

with the appropriate isotope. The medium was then removed and the 

cell monolayers washed three times with warm BSS. Each monolayer 

was trea ted  with 0. 5 ml of 0. 25% trypsin for 5 to 10 min at 37° C to 

release the cells from the g lass. The trypsinized cells were cen tri­

fuged for seven min at 1200 RPM in an International Model V Type 2 

centrifuge, supernatent fluid discarded and the cells re suspended in 2  m l 

of 5% trich lo race tic  acid. The tubes were centrifuged and washed again 

with tr ich lo race tic  acid in the same fashion. The cells were digested 

by the addition of 0. 5 m l of Hyamine (Packard Instrum ent Company, Inc. , 

Downers Grove, Illinois) and incubated at room tem perature  in the dark 

for 24 h r. The contents of each tube were tra n s fe r re d  to a scintillation 

vial using two washes of absolute ethanol (0. 6  m l total). The vials were 

incubated for 1 h r  at 70 to 75° C and cooled to room tem perature  before 

the addition of 15 m l of the scintillation solution (containing 400 g naph­

thalene, 1. 2 g 1, 4-bis -[2- (4-m ethyl-5 -phenyloxazolyI)} - benzene (di­

methyl POPOP), 28 g 2, 5 -diphenyloxazole (PPO), made up to 3. 8  l i te rs

with dioxane). The vials were analyzed in a Model 314EX Packard T r i-

. . .  . ' :
Carb liquid scintillation spectrom eter and the results  expressed  as

counts per  10 min. The above procedure was s im ilar to the one used

by Singhal and Richter (8 ).



RESULTS

Radioautographic s tud ies.

Effect of P. aeruginosa on the uptake of u rid ine . These 

experiments were designed to determine the uptake of uridine by 

HeLa cells infected with two different dilutions of P. aeruginosa . The

two bac teria l suspensions contained approximately 197 or 113/000
- - ' -

organisms p er  0. 3 ml. This gave a multiplicity of infection (MOI) of 

0. 0015 for the high and 0. 87 for the low dilution. A low inoculum of 

organisms produced distinct plaques; while a high inoculum caused a 

m ore generalized cytopathogenic effect (CPE).

Table 1 lis ts  the general resu lts  of these experiments. 

Plaques began to appear at about 13 h r  after infection with the low bac­

te r ia l  concentration, while there was a 50% CPE of the HeLa monolayer 

a t 12 h r  with the higher concentration. Between plaques, a reas  with 

heavier labeling were noted, which upon c loser inspection revealed the 

presence of bacteria . The cells around the periphery of the plaques 

contained much m ore label than cells fa r th e r  away from  the plaque. ' 

Fig. la  shows an uninfected HeLa monolayer and Fig. Ib -d  show plaque 

development in an infected HeLa monolayer.



Table 1. Time of appearance of P. aeruginosa plaques and characteristics  of the uridine labeling.

P. HOURS
aeruginosa 8 . ■ 1 2 13 15

Plaques absent. Plaques absent. Very few plaques. 8  to 1 0  plaques.

MOI
0.0015

4 to 6  a reas  with 
heavier labeling 
where the mono­
layer is denser.

Some heavy 
labeling in dense 
spots.

Bacteria noted in 
some areas with 
heavier labeling. 
Heavier labeling 
a round plaque 
periphery.

Many dense areas  with 
heavier labeling. Also 
find heavy label around 
plaque periphery.

Plaques TNTC.* Plaques TNTC. 
50 to 75% CPE.

Complete CPE. Complete CPE.

MOI
0.87

Heavier labeling 
in denser cells 
around plaque 
periphery.

Heavy satellite 
plaquing. Heavy 
labeling around 
plaque periphery.

*TNTC--too numerous to count.

Control uninfected cultures developed, no plaques. There were some dense cell areas  with slightly 
more uridine labeling. However, there were no bacteria present in these areas .
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Figure 1. Plaque development in P. ae r ugino sa - inf e cte d He La cell 
m onolayers labeled with ^H-uridine.

(a) An uninfected HeLa cell m onolayer, (b, c) Small plaque at 13 h r. 
(d) A m ature 15 h r plaque with heavy labeling around the periphery. 
Note the bacteria  in c and d. (a, d) X250; (b) X100; (c) X900.
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The uninfected m onolayers rem ained relatively  stable in 

uptake of uridine, p a rticu la rly  afte r the f ir s t  2 h r. G rain counts on 

infected cultures were very e rra tic , probably due to the fact that there 

were some densely packed cell a reas  with slightly heavier labeling. 

These were found to some extent on uninfected cultures as well. Such 

a reas  would tend to shift or bias the counts since they were not p resen t 

in all of the randomly picked fields. Exam ples of these types of labeling 

for both the infected and uninfected cultures appear in Fig. 2. However, 

note in the case of the infected m onolayer, that there are  bacteria  

p resen t and that the labeling is much denser than in the uninfected mono­

lay er. Apparently, such heavier labeled a reas  of infected cultures 

eventually give rise  to plaques since denser labeling was also noted 

around the periphery  of plaques as dem onstrated in Fig. 3.

Effect of P. aeruginosa on the uptake of 3H -thym idine. Two 

dilutions of bac teria  were used to give a MOI of 0.0012 or 0. 88. Plaque 

form ation was noted at 12 hr with the lower dilution of bac teria  followed 

by CPE at 1 6 h r while the higher dilution produced only a few plaques at 

19 h r. Exam ples of an uninfected and infected m onolayer as well as a 

19 hr plaque a re  shown in Fig. 4. There was no difference in the p e r ­

cent of cells labeled (30 to 35%) for uninfected and infected cu ltu res . 

F u rtherm ore , as shown in Fig. 4c, the degenerated cells around the 

plaque periphery  did not take up label.
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Figure 2. Com parison of heavy uridine labeling in P. aeruginosa 
infected and uninfected He La cell m onolayers at 12 h r.

(a, b) He La m onolayers infected with MOI of 0.0015. (c,d) Uninfected
He La cells. Note lightly stained bacteria  in b. (a, c) X250; (b, d) X900.



a

#

b

Figure 3. P. aeruginosa-infected He La cells at 12 hr dem onstrating 
increased  uridine labeling around plaque periphery.

(a) Infected HeLa m onolayer showing heavy labeling around periphery  
of plaque, (b) S im ilar plaque at higher magnification showing some 
labeled bacteria  and cells, (a) X250; (b) X900.



f l t o *a

C

3
Figure 4. He La cell m onolayers labeled with H-thymidine.

(a) T P . ae r uginosa- infe cte d HeLa cells a t 8 h r. (b) Uninfected He La 
cells at 8 h r . (c) M ature 19 h r plaque dem onstrating absence of label 
in degenerating cells. Note sim ilarity  in percent of cells labeled in 
infected and uninfected (a, b). (a, b, c) X250.



: :  ̂ ■ " 17

B acteria  took up some of the thym idine. However, this 

was only a sm all percentage as illu s tra ted  by the photom icrographs in 

Fig. 5. Also Fig. 5 shows that the rounded, degenerating cells gener­

ally  do not take up the label while the m ore norm al appearing, elongated 

cells, do.

E ffect of poliovirus on the uptake of ^H -urid ine. Poliovirus, 

an RNA v irus, is known to cause an increase  in RNA synthesis in 

infected H eL a.cells and to produce plaques as well. F o r this reason, 

th is v irus was chosen as a positive control for the uridine uptake 

studies to dem onstrate the adequacy of the techniques used.

A dilution of poliovirus was p rep ared  so that there  were 

approxim ately 5, 000 v irus pa rtic les  p e r cover slip, yielding a 0. 038 

MOL This v irus dilution produced plaques but was insufficient, to 

perm it a significant increase  in the uptake of label by the po liov irus- 

infected cells (Fig. 6).

Effect of H erpes sim plex on the uptake of thym idine.

This experim ent was run as a positive control for the ^H-thymidine 

studies. H erpesv irus, a DNA v irus, produces plaques and an increase  

in DNA synthesis in infected HeLa cells .

A pproxim ately 100,000 v iru s p a rtic les  (MOI=0. 77) were 

added to each cover slip and at designated in tervals the cover slips were 

pu lse-labeled  with ^H-thymidine. .As is shown in Fig. 7, there  was
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a

b

Figure 5. Examples of P . aerug inosa-infected HeLa cells labeled 
with 3h - thymidine.

(a, b) Periphery  of 15 h r plaques showing numerous bacteria , some 
of which a re  labeled. Note how the rounded, degenerating cells do 
not take up the labeled thymidine, (a, b) X900.



19

<D
U

CO

.5ctiu
00

O
%

3

2

1

0

160 4 8 12 20 24
Time after infection 

Figure 6. Uptake of ^H-uridine by poliovir us-infected HeJLa cells.
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Figure 7. Uptake of ^H- thymidine by he rpes virus-infected HeL,a cells
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a significant increase  in the uptake of thymidine by the H erpes- 

infected cells with a peak at four h r post-infection, a t which tim e the 

uptake slowly decreased . A fter 12 h r, when plaques f i r s t  appeared, 

there was a m arked  decrease in the amount of label p resen t. The p e r ­

centage of label in the uninfected cultures rem ained between 13 and 19% 

throughout the course of the experim ent.

Liquid scin tillation  s tu d ies .

Effect of P . aeruginosa and S. typhim urium  infection on the 

uptake of labeled p re c u rs o rs . This experim ent was designed to d e te r­

mine the uptake of ^H- thymidine and ^H -uridine by He La cells infected 

with P . aeruginosa or S. typhim urium . The liquid scin tillation  studies 

w ere perfo rm ed  to co rre la te  and confirm the validity and significance 

of the. resu lts  from  the "radioautographic work.

S .. typhim ur ium was used because it is known to be phago- 

cytized by and to m ultiply in trace llu larly  in HeLa cells (9) without 

producing plaques, w hereas definite proof fo r the phagocytosis and 

in trace llu lar m ultiplication of P . aeruginosa by HeLa cells is lacking, 

yet it does produce plaques.

The MOI for this experim ent was 9. 6 for P . aeruginosa and 

9. 8 for S. typhim ur ium . A high MOI was used to insure that each cell 

had an opportunity to become infected. The data obtained from  the 

scintillation counter was sta tis tica lly  analyzed by doing an analysis of
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variance a t the 95% confidence level. The confidence lim its and m eans 

were computed and graphed. Fig. 8 and 9 show the resu lts  of this . 

analysis. . ;

The uridine curves (Fig. 8) show an apparent increase  in 

the uptake of the label in the P . aerug inosa-HeLa cell se rie s  after 2 h r, 

while the S. typhim urium -infected and uninfected cells rem ain steady.

It appears from  the graph that the bac te ria  a re  not taking up any of the 

labeled  uridine since the th ree curves generally  lie within the confidence 

lim its im posed by the re su lts .

The converse is true of the uptake curves for ^H-thymidine 

(Fig. 9)o It appears that there was definitely some uptake of the label 

by both b ac te ria  because the infected cell uptake curves were so much 

different than the uninfected curve. The radioautographic study using 

thymidine showed the uptake for the infected and uninfected cells to 

be the sam e. An explanation of this can probably be found in the high 

MOI used in the liquid scintillation work as opposed to the low MOI of 

the radioautographic studies.

D eterm ination of the uptake of labeled p re c u rso rs  by the 

bac te ria . Because the data of the preceding experim ent indicates the 

possible uptake of labeled thymidine by the bacteria , an experim ent was 

1 designed to determ ine how much of an uptake could be attribu ted  to the 

organism s. The uptake of labeled p re c u rso rs  was m easu red  both in the 

p resence and absence of HeLa cells, using P . aeruginosa or £5.
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Figure 9. Uptake of thymidine by HeLa cells infected with P. 
aeruginosa or S. typhimurium.

•  Uninfected HeLa monolayer labeled with thymidine.
aeruginosa-infected HeLa monolayer labeled with 

® 3 H-thymidine.
_________Q Ŝ. typhim urium - inf e cted HeLa monolayer labeled with

^H-thymidine.



typhim urium . The label.w as added im m ediately upon the addition of the 

bac te ria . In o rder to obtain a 20 min pu lse-label, the HeLa cells were 

washed a fte r 20 m in. In the case where HeLa cells were absent, the 

tubes were placed in an ice-w ater bath a fte r 20 m inutes to a r r e s t  the

uptake of label by the organism .
■ . / 

The resu lts  a re  shown in Table 2. The tubes without bac­

te ria  and cells acted as background control counts. Note that both 

b ac te ria  showed a considerable uptake of thym idine; between 25 

and 30%. Only 9 to 12% uptake by the bac te ria  was noted in the case 

of H -uridine.

Table 2. D eterm ination of b ac te ria l uptake of label.

Uninfected P . aeruginosa S. typhimurium

3H -T dr ,3H -U rd 3H -T dr 3H -U rd 3H- Tdr 3H~Urd
With _ 
HeLa Cells 22.5 12.0 30.5 13.5 43.5 13.0

Without 
HeLa Cells 0 .9 0,75 9.0 1.7 17.5 1.2

*A11 num bers a re  tim es 1()3 and a re  expressed  as counts per 10 m in.



DISCUSSION

The purpose of this investigation was to study the uptake of 

uridine and thymidine by P. aerug inosa-infected HeLa cells in 

an effort to gain new evidence on the m echanism  of plaque form ation by 

this bacterium . The evidence compiled by Ludovici and C hristian  (2) 

and W exlar, M oore, and Ludovici (4) points towards phagocytosis and 

subsequent in trace llu la r m ultiplication of the bacterium  ultim ately lead­

ing to cell death and plaque production. Obviously exotoxins may be 

involved in the plaque phenomenon. The role of toxins in plaque fo rm a­

tion was studied by Coleman, Janssen , and Ludovici (3). They found 

two types of toxins, one of which (toxin Z) was im plicated as a possible 

fac to r in the form ation of plaques in HeLa m onolayers. However, 

C olem an's (10) efforts to unequivocally prove (by the use of anti serum , 

complement, and bacteriophage) that the P . aeruginosa was being 

phagocytized m et with m ixed success. His attem pts a t inhibiting the 

b ac te ria  with bacteriophage led to the discovery that the bacteriophage 

actually enhanced plaque form ation by P . aerug inosa .

It appears from  the resu lts  of my studies that P . aeruginosa 

in some m anner affects the synthesis of RNA by HeLa cells . The 

radioautographic studies dem onstrated an increased  uptake of ^H- 

uridine, an RNA p re c u rso r , by infected cells around the periphery  of 

" V  ■■ ■ ' 25 ■' ■ : \
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plaques and by cells in a reas  where the num ber of visible bac te ria  

suggest the development of a future p laque. (Fig. 2, 3 and Table 1). 

Supporting evidence for an increased  uptake of ^H -uridine by P.

. aerug inosa-infected He La cells is given by the liquid scintillation 

studies. They showed a sta tis tica lly  significant increase  in the amount 

of uptake of label, when com pared with both uninfected and typhi- 

m urium -infected cells .

The poliov irus-infected  HeLia cells used as a positive control 

showed only a slight increase  in uridine uptake by the radioauto- 

graphic technique. The reason for this finding was the low MOI of 

poliovirus used. This was n ecessa ry  since a high MOI would cause 

generalized  CPE without v ira l plaques in the liquid system  used. From  

this standpoint the poliovirus cultures w ere not valid positive controls 

since increased  uridine labeling was not dem onstrable in cells surround­

ing the plaques. It was decided that Sh typhim urium  would be a m ore 

appropriate  control in the liquid scintillation confirm ation studies where 

a high MOI was necessa ry , since it is a bacterium  which is  known to be 

phagocytized by HeLa cells, yet does not produce plaques.

In re tro sp ect, the increased  uptake of uridine by P . 

aeruginosa-infected  He La cells would not n ecessa rily  imply that the 

bacterium  is phagocytized by the HeLa cell and m ultip lies in tracellu - 

la rly , affecting the m etabolism  of the HeLa cell in such a m anner that 

an in c rease  in RNA syn thesis.occurs. It is also conceivable that the



organism  m ight attach itse lf  to or form  a complex with the HeLa cell, 

m em brane from  which, in some unknown m anner, it m ight force the 

HeLa cell to increase  its ' synthesis of RNA. F urther speculation could 

be made that, in e ither case, the RNA synthesized is m essenger RNA 

made by the HeLa cells in response to the infection and for the purpose 

of producing substances requ ired  for the m ultiplication of P . aeruginosa. 

Such a confiscation of the HeLa cell m etabolism  m ight resu lt, as it does 

with v iru ses , in degeneration of the cell accom panied by plaque fo rm a­

tion in the m onolayer.

. The synthesis of DNA by the HeLa cells does not appear to be 

affected by the JR. aerug inosa . O bservations of the radioautographs of 

P . aerug inosa-infected  HeLa cells indicate that there  is  no increase  in 

the uptake of ^H-thymidine by the HeLa cells . In the liquid scintillation 

studies with ^H -thym idine, it was noted that both the P , aeruginosa and 

S . typhim urium - infe cted cultures had a much g rea te r uptake than the 

uninfected cultures (Fig. 9). However, because of the high MOI used in 

the liquid scintillation experim ents, it was conceivable that the bac te ria  

m ight be taking up much of the labeled thymidine. R esults of experi­

m ents (Table 2) to te s t this hypothesis indicated that there  was consid­

erable uptake of the label by both of these bacteria . Thus, it is c lear 

that bac te ria l infection of HeLa cells had no effect on the DNA m etab- . 

olism  of the HeLa cells .
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As in the case of the poliovirus - uridine studies, the

h erpesv irus was used basically  as a check on the radioautographic 

technique for thymidine labeling. The uptake of ^H-thymidine in 

herpes-in fec ted  cultures increased  as expected early  in the infectious 

period  and then decreased  after the plaques were form ed and cell 

degeneration occurred .



SUMMARY

Evidence relating to the plaque form ing m echanism  of P. 

aeruginosa in HeLa cell m onolayers has been p resen ted . Radioauto­

graphic and liquid scintillation studies have dem onstrated an increase 

in the uptake of ^H -uridine in P . aeruginosa -infected HeLa cells . The 

synthesis of DNA in HeLa cells was not affected by infection with P . 

aerug inosa . Both the radioautographic and liquid scin tillation  studies 

utilizing ^H-thymidine, a  labeled DNA p re c u rso r, support this conclu­

sion. F u rth e r, it was found that when the MOI was high, the bacteria  

took up considerable ^H-thymidine, but not ^H -uridine.

It was suggested that this increased  uptake of ^H-uridine by 

infected cells does not imply that the bacterium  is phagocytized and 

then m ultip lies in trace llu larly  causing an affect on the m etabolism  of 

the HeLa cell, forcing it to increase  synthesis of RNA. Conceivably 

the bacterium  m ight initiate  the increase  in RNA synthesis in the HeLa 

cell from  outside - the cell, perhaps by attaching itse lf  to the HeLa 

cell m em brane.

29
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