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. ABSTRACT

' Radidautdgraphic and liquid'scintillation techniques using

3H-uridine and 3H-thymidine were performed on Pseudomonas

aerugino’sa-infected HeLa cells to sfudy' the uptake of these labeled;

nucleic acid precursors. Herpes simplex and poliovirus type 2, as

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

: New evidéncé relafing to the mechanism of plaque formation
'by P. ééruginosa'ih HeLa cell cultureé is presented in fhis paper.
Radiéautdgraphic studies showed an increased uptake of 3H-uridine by ‘ )
HeLarc':ells_ around the péripheries of the plaques‘énd in areas where
bacteria were 'viSib.l'e 'p‘rior‘ to the-appearance of pl?:).(:fples° Liquid‘
scintillation expelri;nen;cs confirm the increase in 3H~uridihe.uptake
by th»e» infected Helia cells. Conyer‘sely, there was no increase in the
uptake of ‘3H—’thymidir>1e“by the P. é;eruginosa—infected Hel.a cells as
shc;wn By— the radioautographic. étudies. " The liquid scintillation experi-
ments sh§wed a large -‘i:_n'crease in the uptake of 3H-thymidine by’thé
.infectéé‘l- cells, but thi..s. was shown e‘xpefimen’cally to be uptake by the

bacteria themselves .

. vii



INTRODUCTION

In 1965,. Ludovici énd Chriétian first reported the formation
of virus-like plaques b'yvbactgrira in HeLa monolayer culturés (1).
Ini-tiallly viral cbontaminati'on was suspected but on continued incubé.tion
‘the fluid _be came turbid indicating the presence of bacteria.

Further investigation into this phenomenon revealed that

Pseudomonas aeruginosa was the organism responsible for the virus-
like plaques in tissue culture (2). This bacterial contaminant was
traced to a technician whose child had developed summer diarrhea. It

ﬁvas found that strains of Pseudomonas fluorescens and Alcaligenes

fecalis as well as P. aeruginosa were able to produce virus-like.

, plaques on a variety of 'establ'ishe,d cell lines. Plaque production was

- absent when strains of Saimdhella typhosa, Escherichia coli, and

‘Staphylococcus aureus were tested.

This sarhe study éhoﬁved that newborn calf serum (NBCS) Wars-
.requix"'eid- i-nr ;che m.ed;a for plaque fo%mation and that low ‘concAenti-ajtions
(1 to 2%) permitted-e'arl-ier vpla'-que formation than higil 'concentrafibps
' A(S to 20%). AThere was a linear relationship between the number of
Batté ria added, and the number -Qf plaqués pl;oduced. »’I“he‘ authors |
presented prelimipary evidence sﬁgges.ting that these .érkganisrms‘multi—»l '

ply intracellularly.



Coleman, Jaﬁssen, and Ludovici (3) in%restigated toxins
produced by P. aeruginosa which were cytopathogenic for Hela mbno;
Alaye;,s. Thg:y found that two types of toxin were produced,- One type of
‘t’dxin, .désignated Y, was éroducéd ip_the' absence of NB:CS but wasr ‘
heu'tr‘alizeld b}#‘ the addition of 10% serum. Anothér, Vdesign.ated Z, \%/;,s B
iﬁroduce’d in the preseﬁ.ée of 10% NBCS. Since NBCS was'-.reqpired for
prlaque formation, toxin .Z was implicated as a poséible factor in the |
formafi_og of virus-like plaques in HelLa monolayers.

-~ The 'éimi'}arity.of.plaques caused by P. aeruginosa and those
caused .bgr"v.irlise’s and .tfie' disadvantages of plaquing in a liquid system
. ied Wexlar, Moore; and Lu'dovici (4) to a study of the agar overlay
’ I});aqliingv_technique:commonly used for virué titrations. It was found |

that plaques Wc;uld appear if NBCS was present in both the adsorption -
' 'ﬂuidbband the agarv overlay vmekdium. The absence of serum pérmifted :
| colonial growth but no plaques. It was suggested that NBCS might play
’..é.'dual fgle in plaque prodﬁction, first stimulating bacterial ,p_ha.gocy—
tosis By the HeLa cells and second acting as a nutrient factor required
" by the host cell fér possible 'intracéllu.lar multiplication of the bacteria.

Viruses that form plaques are known to have an intracellular
"_felétio.nship with _their host éells. The virus takes over the‘host cell"s
‘>~~1;hachi’nery and manufa'ctufes more virus particles by synthesizing the |

‘., appropriéte nucleic acid cores and protein coats. The search for



' 'evidence to determine whether or not P aeruginosa is actually phagQ,-:i S

Rkl > Sl dodd
cyt1zed by the HeLa cells and multiplies from 1ntrace11u1ar 1oc1 to

produce plaques led to thlS study of the uptake of RNA and DNA pre- T

cursors by 1nfected cells.

The purpese of this researlch was’to deftermine whether the

uptake .of tr1t1ated urldlne (3H urldlne) or tritiated. thymldlne (3H- |
".thym1d1ne), two spec1f1c labeled precursors for RNA and DNA respec— |
: t1ve1y, by the HeLa. cell would be affected under: the 1nﬂuence of
'lnl_?.7ae-r:uglnosa.lnf_ec'tlon.- Tv%zo methods V;(ere choee‘n- rto,de.-term_lne the o
: Lip:take, of t}re“labeied precu'rser'sA," so thaf a -c'o,rnpa‘-risorr might Be made., '
. The two:'_methods were radioadfography'(ueing a 1ie1uid, emuls:i.on dipping

':Ee-chni’que)» a_nd liquid scinj:illatioh,




MATERIALS AND METHODS

Bacteria. "‘I‘he strain of P. aeruginosa used was isolé.ted by
Ludoviéi and Christian (1) and stored in the frozen state in liéuid
nitrogen at -196° C.. It was maintained on nutrient agar slants through-
out the‘ course of thesé .e.xperiments., Prio? to use, thc_a organism was
added to tlvl‘besi.cohtaiﬁ:in.g 10 ml of 5% NBCS, Eagle's basal medium
(EBM) w1th Eaﬂe’s balanvéed. salt solution (BSS) withoﬁt antibiotics’ aﬁd '
incubated atv3v70 C qur,"() to’8 hr. Dupliéate plate counts using Difco
p}late‘- count aga} Wev_rre made to determine the number of orgaﬁisms
pér ml. The bééteriéi suspensions were held at 490 C to prevent further B
rnul‘tiplicativon', '- until they we re used within two days.

Viruses. ‘:The viruses used include an RNA virus, ;polio_virus:
- tYpéZ, Lansing strain, and a DNA virus, Herpes simplex, Mayo 1814.
Virus‘- stpcks were r‘:rmade by growing the viruses on HeLa S3 monolayers
in 32 oz presc‘r.ipbtion bottles.  After .repea’ced f;eezing and thawing, .:the
cell-virus suspension was uniformly dispersed and placed in ampules
| and subsequently frozen at _650 C. The \;irus titer of repfesenta.tive
ampﬁles v;/asrdetérmine,d by the test tube dilution procedure and calcu-

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

'Cell culture. The propagafion of stock Helia S3 was done in -
6.0z prescription bottles usiﬁg 10% NBCS, EBM with BSS suppllemrentéd‘ :



With 100 units of peAnicilli‘n andr 0. l_'-mg of streptomycin per ml. . 'I_‘W_e;hty_ .
. four hr beforg preparing .coverélip‘ or tésf tube cultures, the mediuﬁ
was changed to 5% NBCS,i EBM W.ithout antibiotics. A 0.25% trypsin
Asolution was used to feleaée the cells from the ‘glas's for-s%bculture.
Coverslip cultures for the radioautography experiments were
»p_repé,red by using a slight hnodifi:ﬁz_atioh of the technique of Miller and
Ludovici (6). The 11 X 22 mm, No. 1 coverslips were seeded with
1.2 X 10° cells ioer 0.4 ml of the —iﬁedium ;Eaé'eviously described. 'I“he
cell suspension was frappé'd between the coverslips and tubes. The
fubés were allowed to stand horizdnta_.lly in this manner at room tem-
pe‘ratlire for 1 hr to é;llow the cells to settle and a‘ttach to the glass
~coverslips. The co;\r_erslips AwerAe‘then turned over and dropped to the
lower surfa‘Ce of the horizontal tubes so.f;hat the cells could be covered
with an addiﬁonal 0.6 n.nl of medium. The tubes were incubated for
2 to 3 days at 37° c. .;Priox"'to their use in the rédioautography experi-r |
ments, the coverslips were gxaminéd microscopically for healthy
: monolayer sheets and the media was changed to 5% NBCS, EBM With
BSS without antibiotics.
Tube mon'olayer“c‘:ulttirés Lised in the liquid scintillation
counter experirnentslWerf(‘a'p.repar.ed in 16 X 125 mm disposable Pyrex
culture tubes. The.tub.es were s:.eeded with 1 ml_of the same medium

conté,inirig 102 cells. The tube}s‘ were incubated at 37° C for 2 to 3



6
days until a confluent inonolayer*devel.oped, at which time the media was

‘changed to 5% NBCS, EBM with BSS without antibiotics.

~' Isotopic. compounds u.sed.,r The tritiated uridine used was

ébtained as ~5--?’P.[-b,fidirle from Neﬁv Englaﬁd Nuclear (specific activity,
26. 6 c/mmoi'e). A stock solution of 10"uc/mM was made using steril‘e‘
double distilled water. ‘ For the ra_dioautogfaphy experiments the stock -
.3H-ruridine was dilutea to-0.1 ué/O. I ml épd 0.1 ml of this dilution was
added to ~¢ach tube to be labeled. - Ip 1-:he iiquid scintillai:ioﬁ counter ex-
periments, 0.1 mll(containir;g ‘1 uc) was added to each tube to be labéled, .

The tritiated thymidine was obtained as 5-methyl- 3H-thymi-
dine from the same source,(speciﬁc'act.ivity, 16. lk.é/mmole). A stock:
solution was made in the ‘same rhannex; a%L.n_d was diluted to 0,1 uc/0.1 ml-
, f&r the radioaﬁtography expér-iments'.ar;d 2 uc/O. 1 ml for the. ligquid

scintillation counter experiments.

Radipautographic technique.. i’I‘he method used was basically

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

was removed from all coverslip tubes and the culfcures were infected
with 0.3 ml of bacteria or virus s'uSPension.‘ During the adsorption
period of 1 hr at 37° C; ‘the 0.3 ml of»infecting suspension was trapped
between the rno.nolajrer of cells on the coverslip and the glass surface of
the tubes. A;Et’er this adsorption Aper'ic;d,' 0.7 rnl of mediu.ﬁn \-Nas added

. to éach tube and the covefsl_ip.s'i‘;ve'ré droispéd to the lower surface of the |

* “horizontal tubes as described preViou’sly;-_' -



Isotopes were ;.dded to cultures 20 min prior to 'fixing the .
coverslips. This gave a ZO.mi_n pulse-label. The cells were'inc‘u;bat:e’d"
at 379 C during the pulse-labeling period, after Wthh the coverslips
were removed from the tubes with forceps and placed in Columbia staixr1-—,'
ing jars to be washed in four changes of wa‘rm, stéfile BSS. Non- .
labeled control cov;erslips w-e'r-e washed separately. All coverslips We,ré .
fixed for ten min in absolute methanol. After air drying they were fixed

to the end of 1 X 3 inch slides w1th Pe rmo@t (cell monola.yel; up) and
all_owed to ary at room temp.erature for Vseveral days. ' o

Kodak NTB3 Liquid Nuclear Track Emulsion was used. The
>slides were coated with eﬁmlsion, air dried,_placed in tape—sealed,
1ight tight slide boxes and stored at 4° C for therplloper ebxpoAsrufe time.
EXposﬁr'e >tirrne.s were four days with 3H-thymidine and three dé.ys with 7 .
3H-uridine. |

Escpos'ed slides were. devéloped for fiye min in Kodak D-19
developer, placed in SB-5a stop-bath for 15 to 20 sec, and fixed for five
min in f{odak f‘ixér. All solutions were kept at 21° C. ‘The deve’lopment‘r -
procedure was ;arried outrin a darkroom equipped with a Wi‘atteﬁ»N"o. Z
safeligh,t; ‘at‘a minimum distance of féur feé_tc | : |

The déve'loped slides "were.wa-shed for 20 min in tap water,

- rinsed in distilleci water énd inﬁnediately stained in 0.25% toluidine biuef’ o

fox"_three‘min., They then were rinsed two to three sec in '(Q%:e'thandl o



8
"and allowed to air dry. A second coverslip Wasrmount‘ed over the orig,—-rr

inal coverslip to protect the emulsion.

Isotope labeling counts. Two methods of cieterndining the -
uptake of radioactive isotopes were utiliz‘ed. The first was actual graih;
counts to determine the average number of grains p’ef cell. This teéh-' :
nique was used for cells labeled with 3H-uridine when labeling was light.
'A micrometer grid was used in the eyepiece of the migroscoPe j:o assisf
in these counts. The total number of grains and cells within the grid |
area was detefrnined for four randomly selected high power (X45C) s
fields per coverslip. From -thése values the average number of grains
per cell for'eaéh coverslip was computed.

o A different method was used for celAls labeled with 3H-thyr¥iig B |
dine because s'ome‘ cells were too heavily labeled to.get an accuraté
graih count. The procedure used counted all Ee.lls having Aa g‘rainA count
above backgroq.ﬁd (five to seven grainé per cell). The percenfage of
labeled cells was corhpu,ted'from the humbef of labeled cells diﬁrided by
the total .'nurnbe;r ‘of cells in five randomly sélected high power '(X4SQ) '

)

fields per coverslip.

Liguid scintillation technique. Monolayer cultures. of HeLa.’.'A
cells were prepared as previously described.. After the monolé.yer.s

Cwe re washed with 5% NBCS, EBM with BSS wifhout antibiotics, ‘they

were infected with 0.5 ml of the ba;c.teri‘al suspension and incubated for S



oﬁe hr af 370 (ISVto permit adsorptién- of the Bacteria. Afte.r’t.»h'is;period,
' O 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 monolafe'rs washed three times with warm BSS. Each rﬁonolayef )
" was treated with 0.5 ml of 0.25% trypsin for 5 to 10 minvaitit'_37° C to
rvelr.ease-the cells from”the glass. 'The trypsinizéd cells we‘re 'Ce,ntri-

_fuged for seven min at 1200 RPM in an Irllterna‘tional Model V Type 2

centrifuge, supernatent fluid discarded and the cells resuspended in 2ml

of 5% trichloracetic acid. The tubes were centrifuged and washed again
with trichloracetic acid in the same fashion. The cells wefe digested

| by the addition of 0.5 ml of Hyamine (Packard Instrument Company, I‘nc.. s
"Downers'Grove., Illinois) and incubated at room temperature in the dark
-for 24 hr.” The contents of each tube were transferred to a sé;intillaﬁion
vial using two washe_s of absolute ethanoi (0.6 ml total). The vials 'Wére
" incubated for 1 hr at 70 to 75° C and cooled to room temp'eratui-e befo;e
‘the addition of 15 ml of the scintillation solution {containing 400 g naph}-
thalene, 1.2 g 1, 4-bis-[2-(4,-methy1-5-ph_enylox;zolyl)‘].- benzene (di- |

’ methyl POPOP), 28 g 2,5~ dlphenyloxazole (PPO), made up to 3.8 llters
-w1th dloxane)._ The v1als were analyzed in a Model 314EX Packard Tri-
'Cé.rb liquidséihtillation spectrometer and the results eﬁpressed as
counts lpei' 10 min. The abqve procedure was .s-imilar to the one,usé_@il',, |

by Singhal and Richter (8).



RESULTS

‘ Radioaufog raphic studies.

Effect of P. aeruginosai_o_ri the uptake of 3H-uridine. These

experiments were aesigned to determine the uptake of 3H—gridine ]?Y, : E
He.L'a. cells infected with two different dilutions of P. ae rdginosa.’ The
two bacterial suspensions contained approximately 197 or 113, 000:
organisn‘uvsper 0. 3:m1. This gave a multiplicity of infection (MOI)ﬁ of
0.0015 for the high and 0. 87 for the low dilution. A low ino‘cqlul.;n of
organisms produced distinct pla.ques; while a high inoculum caused a
more generalized cytopathogenic effect (CPE).

Table 1 lists the general results of these experimeﬁts.
Plaques began to a"ppea'r»at about 13 hr after infection With the low bac- |
terial concentration, while there was a.SO%ICPErof the Hel‘;a» r;i-onolayer'
at 12 hr with the higher concentration. Between plaques, a“reae with
heavief labeling were noted, which upen closer inspection revealed tﬁe- |
presence of bacteria. | The "lcells areund- the periphery of,the plaques
'confa_.ined much more label than cells farither away frem the ’placiue. :
 Fig. la shows an uninfected HeLa monolayer and Fig. 1b-d show plaque '

development in an infected Hela monolayer.




‘Table 1. Time of appearance of._P. aé.ruginosa_plaq'ues énd characteristics of the uridine labeling. -

P.

HOURS

. aeruginosa

s

L12

13

15

- MOI
©.0.0015

Plaques absent. -

4 to 6 areas with

“heavier labeling

where the mono-
layer is denser.

Pl.aque's. absent.
Some heavy
labeling in dense
spots.

| Very few plaqlies;

Bacteria noted in

‘sorne areas with

heavier labeling.

'Heavier labeling

around plaque
periphery.

8 to 10 plaques.

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

MOI
. 0.87

Plaques TNTC, *

Heavier labeling
in denser cells
around plaque
periphery.

. Plaques TNTC.

50 to 75% CPE.

Heavy satellite
plaquing. Heavy
labeling around
plaque periphery.

Complete CPE.

Complete CPE.

¥*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.’

1T
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Figure 1. Plaque development in P. aeruginosa-infected HeLa cell
monolayers labeled with “"H-uridine.

(a) An uninfected HelLa cell monolayer, (b, c) Small plaque at 13 hr.

(d) A mature 15 hr plaque with heavy labeling around the periphery.
Note the bacteria in ¢ and d. (a, d) X250; (b) X100; (c) X900.

12
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The uninfected monolayers remained relatively stable in
uptake of uridine, particularly after the first 2 hr. Grain counts on
infected cultures were very erratic, probably due to the fact that there
were some densely packed cell areas with slightly heavier labeling.
These were found to some extent on uninfected cultures as well. Such
areas would tend to shift or bias the counts since they were not present
in all of the randomly picked fields. Examples of these types of labeling
for both the infected and uninfected cultures appear in Fig. 2. However,
note in the case of the infected monolayer, that there are bacteria
present and that the labeling is much denser than in the uninfected mono-
layer. Apparently, such heavier labeled areas of infected cultures
eventually give rise to plaques since denser labeling was also noted
around the periphery of plaques as demonstrated in Fig. 3.

Effect of P. aeruginosa on the uptake of 3H-thymidine. Two
dilutions of bacteria were used to give a MOI of 0.0012 or 0. 88. Plaque
formation was noted at 12 hr with the lower dilution of bacteria followed
by CPE at 16 hr while the higher dilution produced only a few plaques at
19 hr. Examples of an uninfected and infected monolayer as well as a
19 hr plaque are shown in Fig. 4. There was no difference in the per-
cent of cells labeled (30 to 35%) for uninfected and infected cultures.
Furthermore, as shown in Fig. 4c, the degenerated cells around the

plaque periphery did not take up label.
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C d

Figure 2. Comparison of heavy uridine labeling in P. aeruginosa
infected and uninfected HelLa cell monolayers at 12 hr.

(a, b) HeLa monolayers infected with MOI of 0.0015. (c,d) Uninfected
Hela cells. Note lightly stained bacteria in b. (a, ¢) X250; (b, d) X900.



b

Figure 3. P. aeruginosa-infected HelLa cells at 12 hr demonstrating
increased uridine labeling around plaque periphery.

(a) Infected HelLa monolayer showing heavy labeling around periphery
of plaque, (b) Similar plaque at higher magnification showing some
labeled bacteria and cells, (a) X250; (b) X900.
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Figure 4. HeLa cell monolayers labeled with H-thymidine.

(a) TP. aeruginosa-infected HelLa cells at 8 hr. (b) Uninfected HelLa
cells at 8 hr. (c¢c) Mature 19 hr plaque demonstrating absence of label
in degenerating cells. Note similarity in percent of cells labeled in
infected and uninfected (a, b). (a, b, ¢c) X250.
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Bacteria took up some of fﬁé 3H—thymidine. However, this
was only-a sxﬁall percentage as illustrate& by the photomicrogré,phs_ in
F1g 5.7 Also Fig. 'SVéh'ows' that the rou.rgded, degenerating cells gener-
: ally ao not take up the '1é,bei §vhilé the >mo're normal appearing, evlongrated ‘

cells, do.

Effect of pblio&irus on the uptake of 3H-uridine,. -PoliovAirus,
an"R.NA virus, is.kno‘;vn, to cause an inérease~in RNA synthesis in
infe‘cted"He'Lavcells anvd to produkce plaques as well. For this reason,
this virus was chosen as a positive contr§i for the 3H-uridiﬁe ﬁptake
studies to demonstrate the adequacy of the techniques used.

A dilution ofvvpoliovi‘rtus.'was prepared so that there were
ai:;proxim'ately 5,>000 vifus particles per co%rersli.p, yielding Aa.AO. 038
MOI., This v1rus d_llutlon produéed pléques buf was insufficient to
?erfnit a'significant inc.rease in the uptake‘ qf label by the poliovirus-
| infected cells (Fig. .6),

.. Effect of Herpes sirﬁplexgli_ the uptake _o_f?’H—thymidine,

. Thls éi{perimenf wa's run as a positi\}e_ control for th¢'3H-thy'midine
‘studies.  Herpesvirus, a DNA virus, produces plaques and an increase
in .'DNA synthesis in infected HeLa cells. |

| App:oximatély 100, 000 virus particles (MQOI=0.77) Wez;e
adde}d. to each covers;lip and at desigﬁétediﬁtervdls the covefslips wére

pulse-labeled with 3H-thymidine. As is shown in Fig. 7, there was
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b

Figure 5. Examples of P. aeruginosa-infected HelLa cells labeled
with 3H-thymidine.

(a, b) Periphery of 15 hr plaques showing numerous bacteria, some
of which are labeled. Note how the rounded, degenerating cells do
not take up the labeled thymidine, (a, b) X900.
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a éignif_icant increase in. the upté.k.e of 3H—fhyrﬁidiﬁe By the Hefpés- |
infé_cted <.:e11's with a peak at .four hr- IPOSt-infection, at which time the
:uI()take slowly decvreased. After »1.2 hr, when plaques-.first appeared,
,theré r'rwas a markéd decrease in the amount of label present. The iaér;
ée;ltage of label iﬁ the- \J;ninfected cuitures remained between 13 and 19%

throughout the course of the experiment.

- Liquid scintillation studies.

- Effect _o_f_- E aeruginosa and S. typhimurium infection on the

uptake of labeled precﬁrsors. This experimeht was designed to deter-

7 mihe the uptake of 3H-thymidine and 3H-uridine by Hel.a cells infected

with P. aeruginosa or S. typhimurium. The liquid scintillation studies
were performed to correlate and confirm the validity and significance

of the‘;reVsullts from the radioautographic work.

S. ..typh_irﬁ\.lriurn was -us:e'a'beca'use it is known to be phé,go'o'
dytizedby and to rﬁultipiy intracellularly in-HeLa cells (9) without
pfod\icihg pléque_s,' whereas definite proof-'for the phagocytosisand
intracéliular multiplicatior;‘ of P, aeruginosa by Helia cells 15 laéki'rig,
yet it does produce plaques.

The MOI for this expe‘rirhent was 9.6 for P. aeruginosa and

9.8 for S. typhimurbiuxn, A high MOI was used to insure that each cell
3 .h‘édr» an opportunity to become infected. The data obtained from the. -

scintillation counter was statistically analyzed by doing an analysis of
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va;-iance at the 95% confidence level. The confidence limits and means
were computed and graphed. Fig. 8 and 9 show the resﬁlts ofthls
-analysis.

The 3H—1iridine c‘urv'*e-s ‘(Fig, 8) show anlappar.ent increase in

the uptake of the label in the P. aeruginosa—HeLa cell series after 2 hr,

while the _S_.V'typhimur‘ium-infected and uninfected cells remain steady.
It-appears from the graph that the Bacteria are not faking up-any of the
labeled uridine since the three curves g'enerally lie within. the confidence
' iim’ifs impos,ea by the results.

B The converse is true of the uptake curves. for 3H-—thymic'1ine
’(Fig. 9). | It appears that there Wasrdefinitely some uptake of the label
by both Bacteria because t.he infected cell uptake curves were so much
" different than the uninfected cur.ve. - The radioautographic study I;Lsing
3H-'tl'iymildi1;ie. show’ed t.“ne uptake for t?n_e infected and uninfected celis to
be the same. ‘.-An-eﬁcplanation of fhis can probably bé found in the high
MOi usecll‘in the llquld sgintillation wbrk as opposed to the low MOI of
the radioautographic studies.

Determination of the uptake of labeled precursors by the

bacteria. Béféau»se"the data of th'e"" 'pr.e>ceding expe riment indicates the
possiblé uptgké of labeled thymiaine bythe -ba.c.t,e ria, an expe riment was
e de's}iéned to ae.términe how much of zba.i_nbnuptake c‘ovuld be att;ibuted to tile
organisrﬁs; The uptake of labeled iare.Cursors was meaéuréd'bothv in the

presence and absence of Hela cells, using P. aeruginosa or S.
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o typhimurium. The label was added immediately upon the addition of the

bacteria. In order to obtain a 20 min pulse-label, the HeLa c':ellls were
'Awashed after 20 min. In the case where Hel.a cells were absent, the
“tubes were placed in aﬁ ice-water bath after 20 minutes to arrest the
| ilptake- éf label by the >organis'm.

| Thve r.e"sults are shown in Table 2. The tubes without bac-

téria_- and cells a‘lcted as background control counts. Note that bofﬂ
’ _b'a.u':te"'ria showed a considerable u;;take of 3H-thymidine; between 25
' aﬂd 30‘7;. ~ Only 9 fo"lz%: uptake by the bacteria was noted iﬁ the case

of SH-uridine.

‘Table 2. Determination of bacterial uptake of label.

Uninfected - P. aeruginosa S. typhimurium

3H-Tdr | .3H-Urd| 3H-Tdr| 3H-Urd| 3H-Tar | 3H-Urd

-With -

‘Hela Cells | 22.5 12.0 30.5 13.5 | 43.5 13.0
Without o _
Hela Cells | 0.9 0.75| . 9.0 | 1.7 | 17.5 1.2

" *#Al1l numbers are times 103 and are expressed as counts per 10 min,



DISCUSSION

The fmrpose of this investigation was to study the uptake of
_ ,E;Hfulfidiné and 3i{-thyrhi,dine by P. ae ruginosa-infected Hela cells in
éﬁ~§fforf to gain new é'vide'n'ce on i:h‘e mechanism of placiue formation by
thls bacterium. The ex}idence compiled by Ludovici and Christian (2)
'”a:.nd Wexlar, 'M‘ooife, and Ludovici (4) points towards éhagocytosis and
4t:§‘ubrsefq{;vte-nt intracellula.‘f multiplicatibn of the Bacterium ultimatel-y le‘aal.d—r
: 1ng to cell death and plague production. Obviously exotoxins may be
: fihx}olvé.d in the plaque phenomenon. The» role of toxins in plaque forma- -
>btio'n \x}as studied by Céléman, Janssen, and Ludﬁvici (3). 'I‘I.ley' found
two types of toxins, one of which (toxin Z) was implicated aé a possible |
:factor in the formation of plaques in HeL.a monolayers. However, |
T'Co»iéfhaﬁ's (10) efforts to unequivocally prove {by the use of aptiserum,
coﬁplem‘ent, and bacteriophage) ’cha.‘t th_e, P, aeruginosa was being
'phago‘cyﬁzéd met With‘mixed success. His attempts at ihhibitiqg the
ba-cfei-ia with bacteriophage led to the dis cove'ry that the bacterioéhége |
] .éétual"l.y'enhanqed plague formation by P. aeruginosa. |
o It appears frbfn the results of my studies that P. aeruginosa
in somé manner affects the synthesis of RNA by Hela cells. The
, fadiéautographic stﬁdies demdnstra’;ed an .increased uptéke of 3H- -
: pri'(‘ii-f.ie, an RNA prequr-sor, by infected ceils around the periphéry: of

25
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plaques and by cells in areas where the number of visible bacteria

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

: Suﬁporting evidence for an increased uptake of 3H-uridine by P.
,aertiginosa-infected Hela cells is givén by the liquid scintillation

f s‘éudies. They showed a s_t‘atistic'ally'éignificant increase in the amount
of‘.upta-ké of label, ‘when compared with both uninfe‘cte&'and S, Er_p_'l_:_l_l— ,
fnuriu::n—_infecil:ed cells. |

The po‘liovirus-_iﬁfected‘ HeLa cells used as 'apo.‘sitive control -

- .showed only a slight incféaée in 3H-uridine u.ptake by the 'radioagto-.-
grapvhric technique. The reason for this ﬁnding was the low MOI of
: pgiliox}irus used. This was necessary since a high MOI would cause
gene rali-é'ed CPE withou.t .viral plaqués in the liquid systém used. From
this stahdpoinf the poliovirus cultures were not valid posit_ive controls

since increased uridine labeling was not demonstrable in cells surround-

_ -'ing the plaques. It was decided that S. typhimurium would be a more
app’fbp‘%iva[te‘ control in the liquid scintillation confirmatipn studies where )
Vi‘a’ illﬁg'h MOI was hecessary, since it is a bacteripm which is known to be
: 'phagocsf-tizéd by HeLa cells, yet does not produce plaques.

In retrospect, the increased lipta;ke of 3H-uridine by P,
-igrugino_s_g—infected HéLa' cells would not necessarily imply that the
= Paqte rium is phagdcytized by the HelLa cell and mﬂtiplies intracellﬁ-
1ar1y, affec‘;ing the metabolism of th'é Hela cell in such a manner that’

' an increase in RNA synthesis occurs. It is also conceivable that the
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organism might attach itself to or form a complex with the Hela cell. |
rﬁembrane fr'o1;n which, in somé unknown manner, it might force vthe
HeLa cell to increase its' synfhesis of RNA. Further s_peculation‘ could
be'maae that, in either case, the RNA synthesized is messenger RNA
made by j:he Hela cells in reépons-e to the infection an.d'for the purpose
of prpducing substances required for the multiplicationrof P, aéruginoéa,
Such a confiscation of the Hela cell metabolism mright result, asbitrdoes
with {riruses, in degeneration of the cell accompanied by plaque forma-
tion in the monolayer.

. The vs;rrnth'esis of DNA by the Hel.a cells does not appear to be
affected by the E aeruginosa. ”Observa;tions of the radioautographs of
: P. aeruginosa—infected Hela cells indicate that there is no increase in
the uptake of 3.H—thymidine‘by ,t'hé.HeLa cells. In the»liquid ‘s cintillation\
sfudies with 3H—thymid;ine, it was 'noted that both the P, aeruginosa and

S. typhimurium—’infected cultures had a much greater uptake than the

uninfected cultures (Fig. 9). Hdweve'r, ‘.Becaﬁs‘e of the high MOI used in -
the liquid s cinﬁillation expe riméﬁts, it was conceivable (.thé.t the bacteria -
_ x'faight be taking up mu‘ch of theilabel‘ed thymidine, Results of 'exepervia
ments (Table 2) to test this hypothesis indicafed that there was consid-.
érable uptake of the label by both of these bacteria. Thus, it 1s clear
that bactez;ie;l infe-ctvion'of‘ Hel.a ‘cells‘v had no e‘ffect on the DNA. me't;.b-l .

olism of the HeLa cells.’
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aAs in the case of the poliovirus-3H—-uridine studies, .th;a
herpesvirus was used bé.sically as a check on the raciioautograph_ic
‘4 technique for 3H—thymidine labeling. The uptake of 3H-thﬁidine in
herpes-irﬁe’ctéd cultuz,;es increased as expected éarly in the infeéfious .
4period and then decreased 'afte.r the plaques were formed and cell -

degeneration occurred.



SUMMARY

Evideﬁce rélating to the plaque férmving mechanism of P.
aeruginosa in Hela cell monolayers has beeﬁ preseﬁtéd. Radioauté-'_
graphic :_and liquid scin;cillation‘étudie s have demonstrated an increase
in the uptake of 3H-uridine in P. aeruginosa-infected HeLa cells. The
synthesis of DNA in HeLa cells was not affected by -i;lfection with P. |
ae rﬁ'giné‘éa. Both the Vra'dioakkxtog;raphic and ligquid scintillatior_l studies
utilizing 3H-_thy¥ﬁidine,' a labeled DNA precﬁfsor, svupport thj.s conclu-
sion. Furthe;;, it was ‘found'that when the MOI was high, theﬂ bacteria
’éo?:k up cons'id;rablé 3H-tﬁymidine, but not 3H-uridine;

| It Wéé suggested thaf this :incrAeased uptake ‘o:E 3H-uridine by -
infected cells does not 'imply that the bacteriurﬁ is phagocytized and
then mult.iplies. intré.cellularly causing an affect on the metabolism of
the HeLa cell, 'forcir;g it to increase synthesis of RNA. Conceivably
the bac-teriurri: might initiate the increase in RNA synthersAis in the Her:La;
cell frbm bc’Jutside ‘the cell, péfrhaps by attaching i‘;‘sglf.to the Hela

cell membrane.
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