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ATITERCTD

#I5rE3 310 &u&’{ VItURs AL ATID
izx"ut)I At AHT3 IN #lAN SEIN CHELL COLTUN

by Janes ilartaann

The eninn acid requirements for productien of herpes
virus fn tlsasue cell cultures were stucied, Each of thirteen
essential auino acite (i-1somers) in mininua eszential mediom
(H1) or banal metiun Eazle (%) were in?ividually omittes
and the axount of virus projuced was assayed by plague
technigquees I[ne regquirements for the AU (hunan ein epitheliun)
were stulled in ;articulary Hi=p=-2 {(hunan entderacid carcinomm)
was investi ated in conparieon to resulte with AJ cellee 1o
provide a con;lete chexnically define? melium mathycellulose
replaced serume

retnionine was the most and histidine the least required
for AJ cells in %% The methionine requirement wasm less
marked with 5.8 than Mide Cystine was least required by both
AU and Hijp=2 when i3I was eaployed, Denmonstration of an
arginine requirement for virsl replication derendesd on its
concentration in the aediunm enployed, elther Nii or M:iMe

AJ cells and {7 p=-2 cells ha? simillar requireunents for
twelve of thirxteen amino acids in B¥3e In & glutamine deficient
neliug, il -2 cells produced one geventh the amount of wvirus
produced by Aj cells, when compjared to the emount produred in

complete nediue



Janap idlartuam

Tihe neceesity of feterzining the optical time of ansay
for virus fyom infected cella in deficient me?is, 2n? the
{aportance of recogsnizing what nelia to ennloy were
discussel,



INTRCRUCTION

A model gystem for the stuly of humen tuzor virus ant
Sumor eell relationshin was neededs Since the wart virue
caness a tunor (verruca wvulgaris) in humans, isolation an?
sharacterization of the virus and a host cell wae highly
desirable,

BEayashi (22) cemonstrated wars virus infection by
inoeulation of particulate wart tissue onto cultured human
skin epitihelium designated AU by Wheeler ot al (50)¢ Twelve
other ¢ell lines were tested but only the AU line supported
grouth of the wart virus, detected dy degeneration of the
esllse The virus coul:l be sabrultured only by pasexge of
infected cells onto noxrmal eolls, and 1t was not isolated
from cellefrse tisme culture mediume Latent or masked viral
growth would sometimes ocour, exhidiiing infection only on
repesated passazee A uinimally eanrished mediun afforied dest
growth of the azente

The presence oOr absence of certain azino acids in tisme
sulturye meliun has beca showm to markelly effect the anount
of virus produced (15) (356) (44), and the dsvelorment of
latency (29) (30) (36)s The particular amino asids required
by the AU eell for virus production were unknown prioy to this
studyes 5lucilation o0f these requirements may provide a medium

for inereased virus production and perhaps eventual isolation
| of infective wart virus particles from tissue culturee The
virus could then be moye reatily studied in its relation

1
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to host eell infection and tumor (wart) productions

S5inee the wvarS virus was not readily ieclated or
quantitates on the AU cell line, another related virus,
herpes sinplex, had to be useds Another cell line was
tested Ior sxzino acid requireaents as a coanparison to those
of the huusn #kin epitheliunm, AUe A unique requirement by
the AU oell line may indicate why it wae the only one of
thirtesn csll lines which was susceptidle to infeciion by
the wart viruse
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Investizations on the role of anino acids in viral
multiplication have utilized anino acid analogues, an
excess of thc natural anino acid, or a éeficliency of the
anino arid in the meliume Early studlies employes
analo;ues, chemieal compounde similiar to the metabolite
bus with different substituted chemical groupse It was
assused the snaloszue eompeted with the natural amino ecid
for utilizatione

Thonpsom (45), etudlied vaccinia virus growth in
chick ezbryo tissue cellse iethoxinine, the analogue
of methionine was usc! in varying eoncentrationss Viral
multiplication was inhibited, but 1t was not determined
Af methoziaing was cospeting Oor toxlsce Ackernen (1)
found that nethoxinins was not destroying virus or host
oelle, nor 414 1% prerent infectiones He suczssted the
analorue reduced the concentration of the essentiel
aetabolite or competed for encymatio sites,

Vaceinlia virus growth was inhibited in chick endryonic
cell culture when B-2-thienyalanine wae salded withou$ the
natural metadslite phanylalanine (46)e S5ince inhibition
was reverced by addition of phenylalanine, the analogue
was conpetitives ¥hether Be2-thianyalanine actel directly

on the cell or on the virus was not detemined,
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Exoess lysine at one a:/x) allowed very little
reproduction of Theller®s virus in minced mouse brain
(35) (37)e Eistidine and tryptorhan hal to be pressat
a8 three mz/ml to inhidity other anino eclds were not
inhibitory even at this high ecncentrations The lack
of radioactive phosphate incorporation into phos-helipid
. and protein=-dound phosphate fnotlon sugzestel that an
excess of azino acids antazonized incorporation of
phosphate into host tismuee

Excess anino aclds innidited sunpe and influsnza
virus re;lication on ch?rioallantoic meadbrane suspended
in Hanks' balanced salt solution (17)e The basio anino
scids arzinine, lysine, omithine and some others were
innidbitory in concentrations varying from 1 to 10 mr/=),
Anino scids with two basie groups were most active, and
the effects was augnented by high piHe

iysins ssrine and ornithine were inhibditory at one
nz/a2l for Theiler's virus in wouse tissus cell culture
(3%)e rhenylalanine and others were inhiditory but at
3 n:/=l econcentrations Lysine was found to be the most
inhibitory in this system; even 5 mz/ml showed activity,
Iysine inhibition was reversed not only by methionine but
by leacine and Ntms&m as welle

rRevarsal or augmentation of lysine innhidition by
other snino ecids has Leen related to transport of lyeine
aocross the cell meadbrane (13)s Krebbs 2 ascites tumor
oells were chosen as the 14eal cell for this study and
infectel with influenza viruse Khen virus infected cells
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were placed in a minimal media with an inhibitory concentrsa-
tion of lysine, addition of histidine caused inoreased
uptake of lysine into the free anino acid pool of the cell
and also increased lysine inhidbition of virel replication.
Cther azino acids decreased transport of lysine and reverses
its inhibitory effects However, it was later shown (13),
that reversal of inhidition was not related to the prevention
of the szino acid from entering the celle For instance,
proline and alsnine reduced transpors of lbc phenylalanine
into Krebls 2 ascites tunory cells and also reversed phenyle
alanine inhibition of hemagzlutination (protein ooat) fornse
tiones Serine which also reverses phenylaline inhibition,
€18 not reduce phenylaline transpors dut increased 1it,

A possible mode of action of lysine, once inside the
eell at inhidbitory eoncentrations (13), was & danaging
effect on synthesis of a viral prscursor protein or enzyme
formed during the first three hours of infectione Lysine
added at 15 millizolar concentration several hours after
infection had little effect on replication of virus protein
coate If added during the first three hours, it was
inhibitorye Labeling lysine with l“c iniicated an interaction
with the protein-nucleic acid fraction of cells, perha;s the
viral precursore

Viral replication inhibition by s2ino acid excess has
been extenied to inoclude leucine, tryptophane ani phenylaline
(19)e Their ability to inhibit, with the exception of leucine,
oould be reversed by aldition of each of 13 other anino aelds
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at non=inhidbltory conomtnu% / Ferhaps the presence of
excens axino acids *"in nature® may play & role in resjulating
the amount of virus a cell ocan synthesizee If a cell was
present in an orraniea a8 & site where the surrounding
nediun contained an excess of an anino acid, this cell woulé
be an unfavorable hoste The findinz thal D-anino acids were
much less effective as inhibitors or reversors indicated a
specifie glits of attachaent for the natural I-isomers.
Uptake of uc-hnctno into oell proteim also indicated that
6X0088 anino aocide inhibited cellular as well as viral
protein gynthesise

Of the amino acids ¢iscussed adove, lysine and histidine
were related to virus growth in mouse brain in vive (40).
Asounts of these two smino acids were reduced in virus
infected tirssue, indicating a role in ocell metabolimm durinz
viral propacatione Purtherzore, virus infection stismulated
incorporation of nc from glucose into most amino aclds
except lyesine and histidine,

Ferhars analozues were not indleating a true require-
ment for an &1ino acid, In the case of phenyalanine (34),
analogues were inhibitory as 0.l wz/ml, whereas the metabolite
had to be at thirty times this concentration.

The first evidence indlcative of some of the liaitations
in the use of analogues was presented by Erown (#)e In
growth studies of polionyelitis virue in monkey testioular
cell oculture, five out of nine amino acid analogues were
inhidbitorye Four were analogues of aspartio, methionine or
phenylalanine an? mizht indiocate thelr essentiality, but
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many of thess same analogues inactivated virus in the
sapernatant fluide This indicatel the compsunis not only
may not be useful in determmining aaino acid reguirezents,
bus may also renter the cells incapable of viral multirlica-
tione

Host of the work up to this point sug:ested little
correlation between axino acid requirements of a partiocular
virus and certain cell linese Lysine and methionine, when
in exaess, ssened to de the proninent inhiditorse Morgan
(32) inlicated common needs arong various host-virus systeas.
His finding that the analogues B-2-thienyalsnine, 6=nethyl
tryptophan and ethionine inhidited psittacosis virus multizlica=-
tion in minced chick embryo tissue, correiated with comnon
needs in othexr systemss The analogue ethionine indicatsl a
need for metilonine, proven essential for wvaccinia (&%),
" influenza (1), snd Lansing polionyslitis viruses (&) (30).
The requireaent for phenylalanine csorrelated with a nsed by
Theiler's GD VII mouss enoephalitis (34), vacoinla (45), and
lansing polioayelitis viruses (4)s Yorgan®s determination of
the try;toshan requirenent for psittacosis multiplication
was not shared with other virusss in tissue cultures

It should be noted that the correslation among viruses
for certain anino acid requirenents was not absolutes A
oonaon need, as reflected by an antinmetadolite, may indicate
the metabolite was more crucial for cell funcbion and survival
than virsl synthesise The antimetabolite ocommonly used mey

have caiusel temporary or unnoticeable danaze to the oell,
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Eoth thess ;araneters made it difficult to assess how valualtle
an axino ecid was in viral reproduction or general funotionin:
of the cell,

The deterzination of similar anino acid requirements
aaonsg viruses becane more complicated by the use of ¢ifferent
eell ty. 68, There was evidence that an anino acid pool
existed within eells and supplied anino acids for virue
propazation (6)e Therefore, as the intracellular pool of a
eell lins varied, 80 €414 1ts cayacity for virus productione
Another variastle was introduced when different media were
ased to zrow the cells becsuse the intracellular concentrae
tion of azind acids was depenient on their conceatration in
the extracellulay mediun,

Alzost three hundred anino acids end anino acid enalorues
wers testal for inhidbition of influenza A & B viruses grown
in embryonic chiekx lunz tissue (26)e Toxicity of the conpounis
was determined Dy mieoroscopio examination of tissue incubated
with the analoxue and virus. If the cellas were altered or
their growth depressed, the compound was Judzed toxice

The stuly showed inhibition of influenza virus by
norleucine and other methionine analozuess The inhibitlon
¥as reversed com;etitively by methionine and resembled
inhibition by methoxine and ethionine shown by Ackermann (1l)e
B-phenylserine, canavanine flavianate and Se-etnylcystelne
were also innibitory and were competitively reversed by
rhenylalanine, l-arzinine and oysteine or cyetine rescectively.

Feversal of viral inhidbition by aidition of the natural
metadbolite was snconpanied by a paralled reversal in toxicity
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of the inhibitor to the tissiee The relatively large
ooncentrations required to inhibit virue formation su:r:;ested
the analo:;ues were not éirectly inhiditing sites of virus
formation but zay have been incorporated into virus proteins
The compounis found inhibitory to the viruses were teste?d
in mice infected with vaccinia but none were effective.

Viral latency (a hidden infection) ean be produced by
growing cells in deflolent media (23)e When minced chick
|adryo was ;laced in a salt plus glucose meliua there was
oell growthe When pmittacosis virus was added to the culture,
no viral multiplication eccurrede Both cells and virus were
viadble, bBut the virus remained latant or hidden, ¥hen anino
acids and vitanins were added to this latent systen, viral
multiplication was iniuceds This sugzests that the cell ean
odbtalin auind aclds necessary for sirvival from either protein
degradation or dlozynthetiec pathways. However, higher intra-
oellular concentrations of sxzino acids were required dbefore
viral re;lication ocourreds In this system, the pressnce of
phenylalanine and tryptorhan were found to be the most essen-
tial in reactivating the latent state into viral re;licatione
These saue &:1no aclids are also required for maanalian oell
growthe.

Eazle and fHabel (15) and I'sxnell and Eagle (5) found
11ttle corrslation dbetween anino acid requirenents for eell
growth and thaose for virus productiones 'hen iela cells,
starved for 12 hours of all comronents but glucoss, glutaaine
and salts, ¥ere placed in a mediunm eontaininz only these

three com:onents and infected with poliovirus type I, virus
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was synthesized, Cell growth had been arrested and cell
injury had occurre? due to the absence of other amino anids,
vitaaine, and seruames Without glutamine, viral production
was delayeld, su-gestive of latencys If only glutamine alone
were aifed, there was a two thousand fold increase in virus
productione uith only glucose alone there was a 170 £o514
increase and a delay in virus productions UIecreased virus
production wvas not due to lack of adsorption to host cells,
Thus a cell line which needed 13 anino ecids for zrowth,
required none excert glutamine for viral synthesise This
prodatly reflected eynthesis of virsl protein from emino
asids pre~existing in the cell or froa breakdown of the cells
own proteins The cell can not synthesize any of the other
12 onitted from the medium.

Because cell injury was evident it mizht be ascumed Laat
absence of zlucose and glutamine in connection with retuces
virus out;ut reflected cell deathe Dut since addition of
glucose and xlutamine restored virus production, iapaired
oell function rather than death was su:zssteds The obvious
oorollary to thie observation was that glucose and glutanine
might de preservinz cell intezrity anl not bde actively
involved in viral synthesiss This was not true because there
was obvious cell de:eneratione Another possibility was that
glucoses and slutauine eerved either as sources of ener-y,
Frecursors for synthesis of viral nuclels aclil or dotie

Glucose was also demonstrated essential for herresvirus
growth in the flela cell (27)¢ Unlike the yesults with
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poliovirus (5), glutanine was note WwWnhen glutamnine was
onitted froa the extracellular mediua there was an enhance-
aent of virus productione The reason for this is unknowns
It was not attributed to removal of glutanine as an inhidbitor
because hizher concentrations were not inhibitoryes Serua
or an inhibitor in serum mey play & role in this phenoaenon
because stizulation ocours only in the absence of serun.
roliovirus types I, 1I and 1113 had different require-
nent than was found with type I in Hela ocells (15)e When
monkey kidney cells were infected and a mediun deficient in
cystine a‘ded, eytopathic effect (cell dezeneration) was
delayed, Adsorption was eliminated as the causee A require-
ment for ecystine which was not shown by Fasle and Habdel (15)
was indicatedes This systemz also suizgested a latent state
sinoce the virus had & longer eclipse phase than was usuale
Fapra;ort (41) had previocusly shown that oystine re;laced
all other a:ino acids for the multiplication of poliovirus
in monkey heart cellse Tubes (7) therefore sugzested that
an antizetabolite to eystine and/or cystine be usel as a
therapeutio azent azainst polioviruse
Tne requlrenent for L-cystine in virus-host cell systens
was extan’ed by Tyndall an® Ludwig (47)e¢ Coxsackie By and
vaocinia virus were found to require cystine when zrown in
rabbit kidney, chick embryo, vascular endothelium, monkey
heart, and to some extent in Hela cell culturee. ioliovirus
ve Il also yequired cystine when grown in monkey heart but
\bbit kicdney only balanced sal$ solution, glucose, and
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glutanine were needede The inability of glutathlione, ascorbdbie
acld or thiozlyecollate to effectively replace the requirement
for eystine inlicated its function was not as & hydrozen
aceeptor or enviromental stabilizer, sinsce these coxpounda
function as suche It may mean that it was an actual struce
tural unis in the synthesis of virdc eoat or in enzyxes
involved in production of new viruse

The eystine requirenent was hizhly specifie (43)e
Cystine analogues with variocus substituted chemical groups
would not effectively replace oystines The analogues
demonstrated the apecifiec need for the presence and sratial
orientation of the amino group, sulfur atom, eardbonyl group,
and the three carbon chaine If oells were first starved for
twenty-four hours and then infected, the virus remained latent
or hiddens Ad4ition of eoystine activated viral multiplicae
tione KO virus eould dbe found during the latent staze,
poerhaps 4% was present inside the cell as viral ridonucleioc
acid and not intact particlese

relmont an? Morgzan (36) wers the first to completse a
comprehensive study of the thirteen essential anino acids as
rogaircements for herpes viruse %They ex;lcyed the L strain of
mouse fidbrotlasts for virus growth, and titrated the virus by
oounting lesions procuced after inoculation of chick
choriocallantolio meabranes

The cells and virus were grown in a smthetio metium
composed of the DL forms of the &1ino acids, not the naturel

i~isocers. C(mission of phenylslanine, tryptonnan, arsinine,
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threonine, lsucine, valine anl hiagtidine marizelly dacreasel
virus growshe Isoloucliae, lysine, alanine and clycine were
renoved without any effect on viral replicatione Tha
ronalinin: ailno aciis showel & sll-nht decrease in viral
production when oxitted.

It was also deternminel that herpes proliferatei in
a syrnthoetlie m3lium which 211 not allow :rowth of the L
cellse If cells wers infectsl while in Tarle's talancel
salt solutione, no multiplication ocourrels The virus wns
activatel from thias latent astate whsn the salt solution
wag replacel with a cozplote mediun contalnin: horss gerunsa
Latency was inlucel by the adlition of ethionine, the
analosue of methlonine, a% 60 m. /2l concentrations

Tenkersley (44) also stuillel the thirteen essential
auino acids as rejuirexncnts for herpres virus multiplication,
using natural I=igoners of the a=ino acllae Another
izproverment over FPelmont and “or:can's work (35) was the
replacement of the serunm regquirenent by methylcellulosa,
allowin: complete cheulcal definition of the test meiiun,

A zore Tyrical host cell than mouse fibrotlasts, human
eszophazeal apithelliuz, was eaplorel,

{ininally 1afected ¢olls wers first placel in a
cozplets meiiun with gerua for 2i=Ls hours to assure infece
tione Infected sheots of cells were then riased with salt
sdolutlon, anl bazal maiiun Fa.le deficiont 1a ons azino

acid was allole After soventyetyn hours furthor lncuhtion
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the supernatant f£luld was discar?et anl the monslayer
azsayel for virug by theo stanlarl plaoque nethol,

nleven of the thirteen esszentlal a=110 aclls and
glutanine were rejuiredes Lysine was not noclel anl was
evon partially inhititorye Oczisslon of hlstiiine causel
the yreatest decremse 12 viral replicatione 1Ia tho atsence
of ar_inine ani yresence of lysino, no virus was forme?
anl nd cytapatiile effest wny dotectel.

iolzaane Spring and Doane (52) crex & nmacroplague
straln of herpesvirus ia human epidermoll carcinona cells
a1l confiraed that onlssinn of the esseatial anino acid
ar:;inine narkelly rolucel reclication of horpeaviruse
Ar:inine was not neelel durin; the first four hours of
infection but wm3 rejuirel six hours after inloction, anl
tiereafter, for virus multiplicatione Thiaz was ghown by
al2itisn of ar inine from C=4 hours after in®ection, withe
drawal the renninin: lLel5 hours, anl a subsequont titer of
2.7 x 132 polykaryocyte foruln; units per mle If ar inine
was ozittol O=5 and alled 4=15 hours aftor iafections the
titer w3 2.4 x 10“ polylkaryocyte forain: uuits por ml.
The virus was assayel dlrectly in the flrst geries of
experimenta by count of polyiaryocyte foralin; units.

The saconi series of experinents was perforned wlth
the knowlal: e that ar_inine wmmg requirsl 4=15 hours after
infectione <Cells ;rown on coverslips were ar inine starvel
for O=4 houras a7l than infectels Cells on one half tha

coverslips receivol ar_inine, the other half 411 not,.
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riznhteon hours after infectlon cells wers stained with
fluoroscent huan ¥e_lobulia {deronstratin: cytoplaaule
virus) anl rathit hyperizncune sarul a_2inst Hoilsd infoo-
tel colls (dcmonstrating nuclear virus)e Allition of
ar:inine causel a 30=190l3 increase 1a the nuzber of
cells oontalinia~ oytoplasmie anl nuclear {luoreszant

rrantles reapectivelye

aidaata thg fooh of " asmalaad
4. % ¢ ’ {)r‘!h‘ - ) , « lypy
: L1 MDA S N Saadl,

2arly developaental molla £or tho rowth of tissue

cells in vitro were usually extmota fros tissues or
other sources rich 1n growth factors fenerally choom
ically unlafinele Io stuly the effcct of certaln
nutrilites oa cell netabolisa, e3pacially virus infeow
tion anl =ultijplicatlons each grorth factor preseat in
the mediua should be knowme Such chenlsally defined
nelia have been developrsl with the daemania of the o2ll
for each nutrilite estiintoel (12)e It was thus pousidle
to preclzely vary the melliun cozpasition ant obssrve
the guhzegquent effest oa cell fuactlone Unfortuanately
1t was s8tlll nacessoary 9 all an urlelined couponent,
8oTue 4in Oordlar for the cells to proliferats raplilly
(10)e ethylcellulose may roplace serun in protectinag
¢clls anl koopila; thea vialble, but 4t dil not poruit rapil
erowth (20).

tyelenl chentianally defined neilua eontalnn a

Talaical s8alt 80lution, & Bsu_ar, vitazlag a1l aulno acils,
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The anino aclia usgel have beea mosh extanslvely stulled
since thoy are tha dulliins tlonlg 0f cell protolne.
Tatatlishiet ecll lines utilize anl literate a2ino acliis in
a characteriatis waye It wns poasitle to 2ifferentiate
coll 1ia03 on this Ymzis (27).

Tho eino aclid requirezsats for a particular cell tyre
have been divilel into essentisl a1l noeessentiale The
essential ailno aclis were thoze which nust be providel ia
the noliun for the cell to (row while none=ecaentlal anino
aci?s ocan de srmtheslzed by the celle

tazle (11) (12) (13) found that thirtoen Iea:ino aclis
of the natural twentywone are esszntial for rrowth ¢ human
carsinona anl mouse fitrotlast cellse Ox=ission of any of
these thirtoen froa tha molliun, causel microscorle chansos
in the cells withiin ¢two to threo Aaryse 7Thae chan 03 roflactal
cellular injury an? Aifforol ncooriin: to particular azino
aclida, prohatly inlicative of thelr collular function.

Tha requirencat of thirteca essential auino aci?a by
moat coll lines wns correlatol with the collls intracellular
auing acll pool (37)e 03t easential auino aclig, were
actively traisportol 1ato the cell arl conceatratel five to
eleven tizos greater than ia the extrasellular =ellum,
Lysine enl ar_1inine wore consontratsal only two to three
tizonr, ¢0ysting wna not concentmtols THe nowesgontlal
azino aciis hatl a very hi~h intrncellular concentration
ratio since they wors syathesizol interaally by tho celle

The free axino azlls of the intvacellular posl were cennmlly
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the sane in most cell lines, althou:h there were sl nife-
icant differences (37).

The role of the intracellular amino acll pool ia viral
replication has beon demonstrated by ladelin: experizontse
Dernell and Levintov (5) have sho'm that the proteia coat
of poliovirus was male froa twelve a2ino acl?s in the intrae
cellular poole Thus in order to stuly the anino acid
rejulrernents for proluction of virus protein coat, the
mailua the cells wers srown in coull dbe depleted of an
essential anind acii (25)s This depletion was raflected
in the intracellular pool, anl the proteia coat mi ht either
be deficlent in the aninog scil or not synthesizel at all,
The cell coull cozpensate for this deficlency by breakiowm
of its own protein or usze of dipeptides.

An a231no acly deficlency can probably effect viral
replication in many other wayse [‘any are unindoWwne 5076 mAYy
be 89 intimntely assoclate? with cell function that they
are inserara®les Viral 42irsctel syntheslis of early enzynes
neelel for the btilosyathetisc machinery iavolvel 17 rerlicas
tion can be alversely effectels The stulles of auino acld
deficleincles rely on a decrease in the azount of virus
prolucels The gpaczific effect et the nmolecular level is

unknowne
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Terpes siznplex virus (137) iclntyre gtraln,
Aaxerlican type culture six, s ohtalnel froa
i"lchizan Ztate ilealth lLabdoratory, iast laasia:,
idchl:ane
g o ..
le AUs & normal human gitin type, derivel by ‘heeler
ete 8le (50),

2¢ 1iwl3 normal rabdhlit kidney, Nenle et. ale (3)
was procurel from Zaenry Tord llospital, Detroit,
“ichi;ane courtesy of Ge Lo Cridpos MeDe

Je IPe2y humnan eplliersoll carcinoma of the larynx,
“oore ete 8le (31) *ms odtainel froa low

iahorntories, fockville, “arylaal.

“he procedure for the propasatlon of HiIV was
a moiification of Faplan's (24)e 1abbit kliney
cells wers grown to confluency 1a a 150 ml milk
2ilution bottle with a final melliun volume of 10
mle !irinmal ezsontinl mediua with 3% nathocel
(methyicellulose,s 15 cpse premiun, Dow Chenical
Coee Z11lani, iichi;an) supplementin: gerun wma
eaployele Cne tenth ml of untitratel virus stosk
was 1inoculatel 01t0 a Tield cell monslayer ant

1
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allowed to adsorb to the cells for one houre The
inoculating fluld was then decanted,

aftar a total 541 hours incubation at 37°c, the
calture was rrozen' and thawed! three timos, and
centrifuzed at 550 mariaunm relative centrifuzal
force (International centrifuze molel Vezize 2) for
three minutess 7Five ml aliquots of the supernatant
flaié, with a virus titer of 19% pru/al, were placed
ints sorew cap tubes, sealed with plastic taze, an’
frozens The stock was re-titared Jjust Lefore use
to outaln the desired inonulume
talnnred salt Mlution

ls :tarle’s balanced salt polution (E533-10x%) (14)e
Tt aanan® Aranng yre-avetion

Unit 41 Natl 63,00 ¢gm Iigeolve in
900 nl water®

KCL 4,00 g
¥allpin®ia®  1le25 mm
Ea50, TH0 2:00
Zlucoze 1200 g
ihenol red 020 im
Unit 42 Call, 2400 g2 Iisgsolve in
100 ml water
Two ml of chlorofora was a'ded to unit #1 aen?
both saaglea refrigerateds For a 1X eolution, 9 =l

of unit #1 and 1 wl of unit <2 wera alled to 93 =l

* All materials vers frozen at -2o°c.

*+ 411 water used was glass d1lstille? twice,
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of wntar anl gterilizal by avtszlavia: at 15 1vs,

2572 for 15 minuteode

2. 5!(1»5‘ 3‘ bﬂL"LIGOI 8115 3\)3.1»;413'1 ('-—‘\. ,!’ \Js) (”1).

"V gty 34 g am o e B YRy

vl 1 ratl

E’\ dd

woed o

4,0

x;:34'7323 240 0

,32::3&‘2*20 0eb 70
Glucose 10,0 ¢
o ,,: Uu OeH 7
'henol red 0e2 i,

tnit 72 33312

Yhen undt 1 was eonplately disaolvel, uald ~

lczv" #.0

Y e an o gy do

Tingolve in

1
- ¥
g 2 nl mter

PA

Taznlve in
50 il

w3 allel to it an? the finn) voluzs Lrou-ht to

1l 1litere Two 1l of 331&

ofri. oratele

L]

‘a_ll_ &}...,..l. a aug,. -

"agal Ualiul Tenlo (12)e

Nintin

*olio asii

Choline 7L

“icotinanile

Ca=D=iantothonate
(continu

."’r)- L)

Y e

m3 allel axl tho stock

0001
0eC21
CeCC

0001

ol on next pa-e)

1
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<l
comnonond
vyridozal HCL
inlaxine RECL
tiboflavin
Inoslitol

Cali
00001
04001
040001
00013

inrcnased frozen as 103X from Mleroblologieal

Aseoacliates, Lethea'a, Mele

T™he solution was

thawed, disrensed into § ml quantities, and

refrozen at ~80°c until ueed,

A<1nn Arid ftoek

folutinons for mininel essentiel medilun (%:3:) and
basal wedium Larle (RiE)e

unit #1

wnit #2

l~ar;inine il
i=cystine
il=histidine L[
i~1s0leucine
i~leucine
i~lysine HCL
l~methionine
I=phenylslanine
imthrecnine
~tryptophan
i=tyroaine
imvnline

imzlutasine

5.
Oe126
0e025
04042
Ce0525
0e082h
04073
0.C13
0.03)
04043
0,010
0,035
QeGl7
O0ec32

0021
0.012
000033
0025
04028
00355
0e0075
001558
0024
000
0a013
0eG225
Cecy2
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All of the anino acii uzed wore purchased a3
the natural Lefora from utritional Niochaxzleal
{ompanye Clavelant, Chioe Unit 1 wns prepared as
50.¢ anl sterllized bty sutoolavin: at 123°2 for
15 mine <Cyatinae, tyrosine, anl mathilonine wore
firat 4issolved separately in +25 I [ICl, then
allel to a water solution of the remaining azlno
acldne The stock solution was hell at =20°C until
usol,

Unit 72 wos preparod as 100X in wnter, sterilize?
by Hillipore meabrane filtration, aal frozea (=20°C)

until unel.

bl abhl g e

A final conceatration of 120 ualits penlcillin

and 120 u~ strentomycin par w1l of tissus sulture

nelius was erployale

fie

1. inlandl ezcential motiun (HL=li) (1)

e rvtiorereore A=t
llanks? TielX or 53e5 =l
tarle's T =1X as
daglirel
vitanin stocl=100x 1l
Anino acll gtocine"""U =504 2 ol
Im; lutaninowllloX 1l
Jtock antibtlotios lnl
3 ﬁafcaj i PSS N

125 ml
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The balanceil sal% s0lutinn was sterilizoeld by
auvtoclaving a¥% 13303. 15 cin, &2 the renalning
sterile 1n:redients aidzd ancptically. The azount
of 532333 variel $,5 =nl, depeniin. on the Zezired
Pie
fasal “etium ”acle (2:7m1x) (12).

The composition anl proporation was identical
to that for 1 except RV anlno acld stock was
guprleaantel for the M1 anino aclld stoclks

sxverizental E7 and LT nolia deficient i3 one
nino aclile

Theca wore rmle Ytantical to the prenarations
idven adove except for sulatitutlion of a stock
azino acid solution 50.0, male up froa in?ivitual
21110 acils (a3 degcribel in part T) with one auino
acll? onltteds

rethocel (Dow Company, i2lan?, .ichiian) at
e37 concentration, 15 centipolsa viscosity was adled
to nelia as a suppleonant for the usual serum require~ .
nont (22)e 7This allowsl coanlete chanlcal definition
of a noliune Tha materisl wna alded to bollinc:
water, male %0 & slurry, and autoclavel at 120°C
for 15 ninutese [inal hyiration wns eccouplisghed
by first coolin; at roomn tenperature for two houra,
then refri eratin; (=42C) overnitas The components

of the nmedium were then allel asaerticallye






L
2%

Ie [lannue Aneay cvamiav ("7),

zathocel, 27 ¢omocontration, 4,000 centipolsa
viscoaity, was includal in 7! me?lwt with Jaals?
D33e The procadure for hyiraZiny the rroiuct was
identisal to that siven for ezperinental nelia part
G socotion Je¢ A-ar wag not exployel sinzce At
inhidlits herpes virus (43).
Je Zzuzaine
A o254 solution in lanka® 753 was achievel by
warzin: at 379 for } houre sterilization was
etfoctol by 3eltx filiration.
Ke mr,-lln '53;.’_*--3"?::"“] "12223 QQ]"“QSO
Cryetal violet 0.1 rm anl citris acll 2,1 ¢n

wore alied to 100 zl water ant autoclaved at 120°C
for 15 minutes.

[ YW -
jotf U?IO',‘Q

The particular cell tyre usel in each experiment
waz first crom to a monolayer in s 150 ml milk
dllution dottle, anl the nonolayer renovel dy elther
trypainization or uge of a rudder tippel rods The
cells wera countel in a heuncytonoter and properly
éilutel to 105 colls/=1 with meliuna containiny 203
heat inacstivatsl, sterile calf serua (Tlow Lade
oratories, fockville, HeDe)e

All tests wera done in sorow cap stanlarl tlssue

culture tudoa which wero gceclel with 1 ¢l of the
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cell suspension. The cells were growm at 37°C and
the mediun replaced with fresh meiiun plus 10%
serum every 24 hours. J+hen a monolayer had formed,
usually 2=-3 days, the medium was decanted and 0.1 ml
of the desired titer of virus addedl. After adsorp~
tion for one hour at 37°C the inoculatins fluid was
decantede. Media deficlent in one anino acid was
adled at this time unless otherwise inilicatede Each
test was done in tripliocate.

After the desired incubation time, l.0 ml of
Hanks' balanced salt golution, containing 5% serunm
was alded to each tube as a stabilizer rdr virus
activity, and to neutralize the aoclid pie The tudes
were sealed with plastic tape ani immediately frozeng
with the medium coverin: the rmonolayer until the

tine of assay.

dﬂ’lﬁlﬂ‘]& ;Qa“m -

The procedure was simillar to the method used
by Kaplan (24) with modifications given here. The
cells weres rupturel to release the virus by freezing
and thawing three timess hile thawin., the 1ce
sheet was gshaken inside the tudbes to free the cells
fron the surface of the tubde,

The triplicate tudbes for each deficlency test
weres then pooled, and the cell debris centrifu:el at

550 maxe ReCeTe (International centrifu-e molel V
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siza « 2) for three minutas, The virus costaining
gupernatant fluil was withlraim ant dilutel throu h
four tenfoll dllutions by adlin: 0¢5 =l to Le$ =l
of 33

Cna tonth nl of each dillution was inoculated
orto a ratbit kidney monolayer srowm in a 1.0 oz.
Fronch oquars dbottles The virus wns alsorbdbed for
one hour at 37°c with rotation of the bottla every
15 minutes to as3ure even distridition. The inosulun
tm3 decantel anl three ml of & 27 methocel overlay
nediul was atied,

Ffellowini incudation for ?2 hours, 6 ml of water
(22°C) waa added ant gently mixel with the methocel
£o it woull bocone less viscous enl eazlly decantol,
Zhe cell monolayer was stained with citric aciie
orystal vioclet solution for two minutes, rinsel with

wvatsr anl the plajues couvntels
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Prelininary studles have inllcatel that the hvaan
g:in epithelial cells (AL) unlerwent de-encrative chances
within soveaty=two hours when zrowm in a meliun doficient
in ono essential azino aclie Thig de:eneratloan hal teen
otgervel nicroscopically, dut the subsequent effect on
viral replication within these cells was unknowae

sxperinent I was performsel to deteruine the
aprorsriate time the virus infectel colls ghoull reuain
in doficlent meiiun in order that azino acld require=
nents for viral replication woull be best demonstratede

All cell moavlayers ware sinultaneously infectel
with 520 plaque forzin: units, anl deflclient meliun
containin: «37 nethocel aliel one hour aftor infectione
After incubation for 24, 434 anl 72 hours, the cultures
wore frozon until tinoe of assaye

“he results in tatle 1 are in plajue fornins units
(pfu) per millilitare Cne plaque forzin: unit was showm
by Dulbecco to ropresent an area of cell lysis caused
by one virus particle (7).

The data revealel replication 1n the a:iino acii
defliclent nolia until geventy=two hourse At this tize
a narkedl drop in the nunher of plajues was observels
In conplete meiium, containin. serun or methocel, viral

27
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Table le¢ Tffect of 1nouhatiom tine on azount
of virus profucel in experizental nelia

Hediun 24 nrse L3 hrse 72 hrase.
Ariinine®* 314°° 2360 72
Cystine 650 1700 790
wlutanine 59 150 Y
filstidine 330 1750 125
Isolaucine 675 2329 163
Leucina bs3 1540 oh
Lysine 225 129 4
lethionine 52 Lo 2
Freaylalanine 420 2000 72
Threonine L53 2750 23
Tryptorhan 512 2550 130
Tyroasine 655 2529 G5
valine 45% 1250 34
1.l mepthocal 35 24530 teneteCo
Kl eegerun L53 3230 teNeteCe

8¢ pisnin: amino aclide

be pru per ml at 10°1 ailution.

®¢ t.nete0s = too numerous to count.
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multirlication continuoel; ant at the 41lvtion azcayed
h8 plajues ware tod nuzerous to count (teneteCe)s

Thoe extrens reluctlon in anount of virus at geventy
two hours wn3 best explainol bty de enoratlion off the
cells anl dovoloynment of leslona, as previously ehowm
by tale (12)e 0% only would viral multiplication
cease, dut intracellular virus woull be releazel or
loft unprotected by rupture of the cellse

31ace herpesviruz wag shoym td be an extrenely
therdolabile virus et 37°C (32) (22), toth the extrae
collelar virus normally presont ent that release! froa
1ajurel cells coull bo Lfnnctivateles Thus the anount
of virug woull not ba lesz, But thae nundber of infectious
rarticles survivin: 27° would ¢ive aa aprarent reduction
ia nunber of virua particleos as oaly infectious partislen
wore assayele

Another exzplanation wns that the anino acid pool
wvas daepletel, especlally i1a the particular auno acid
ozitted, and that viral multiplication covli not occur
without these preszente This was likely to account for
part of the reluction 4n titer; tut §if =multiplication
stoppel without de enaration, much virus nust have
roxaldned within the cell. ilowever, this virus should
have romninel infectlious anl detected durins acsay,
glnce the cella worse rupturel by freezin: anl thawing

Just prior to assaye
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It was anparont £ro1 nicroscopdie evilence ani
parizad reluction in ixfectlious virus that .[ross coll
4a=a:0 occurred fron Li=72 hours after infectione
Tortymel ht hours wng then chosen as the eanjropriate
tize to a33ay @ll future expariuoats a3 wmultiplication
wos abt a peale anino acii pool derletion evilently
ocsurrely anl srecific anino acil requirecnts wore bost
danoaatratole

The 2% hour ezparinent was not dane in triplicate
at thils tiae, but later experizents ghowvel all deficlent
molila with leas virus than coapletee ot all the axzino
acil roquirononts were evitent at 25 hours, many beln:
flostical at tals tine, 8o 43 hours wn3 chozen as the

2eal tiza for 1ncubation anl assaye

~ - 4
Arontalt A7

Tivig Twentuart

- -

3ince 1t hal beon conclulel fron exporinont one
that L3 hours waa a1 arpropriate tine far assny, the
next thres ezporizonts ware porformad with mozays a3
this tine. Tnch exuorimeat s contuctel in trirlicate
for each arlno aclle Cthorwise the procelures wore
fdantical to experizent o:noe

The avern e nuider of plajuoes for the three
experizonts are :1von in tatle 2. Virus proluction in
deflcient melia w9 also calnulatol in terza of percaant

rroduced in complote noliune Joxpleto motiun wns 10075,
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Aqvunt of virus nrolucel by AU
-

cells 4n winimal gazantial noliuz dz2ficiant n

010 a::ino aclle

igreoab
ot L

aouclabae Lisag
Ar. Lrine 7.1 x 1% 2 ¥
cyatine Se6 x 10% 53 b
Clutanine 1.3 2 10& 15 x5
meatiline S5 x 107 73 &5
Isoluucine 1.0 x 0% el 23
Leucine 1.5 x 10” 13 12
Lyaing 2¢9 X 193 2e5 % o5
rathioaine 5.7 x 102 0e5 & o2
Thenylalanine 5.5 x 13" LS 4 W10
Threontia el x 13a 5% &2
Tryztophan 3.0 x 10“ 25 25
Tyroeine 3.5 x 10" 1 2.6
valine 1.1 x 207 10 13

Conplete .ot

11l x 20° 100

* Avera a8 0f throo eiporinents done 1in triplicate.

Avora o doviation =

X‘Pl

L g Rwi'n #X-rl

™ t
chore x w LY o ¥ Pq

3

3

% %
an! P = nuzhor 02 pfiue

“ ~. - .
® rmuilage 07 Cee Juantitative Analysicze Tam™mios lohle,
inces "0 Yorie 1J30s Pe 2lhe



ARGININE
CYSTINE
GLUTAMINE
HISTIDINE
ISOLEUCINE
LEUCINE
LYSINE
METHIONINE
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—————————————

P
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PHENYLALANINE e —

THREONINE
TRYPTOPHAN
TYHOSINE
VALINE

Fig. 1.
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[—————

—— 2 1
50 100

Percent pfu in complete medium

Comparative virus production by

AU cells in serum free medium defielent in one

amino acide.
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as here the greatest anount of virus was produced, The
percentaze on a deficient medium indicated what prosor-
tion of the virus produced on complete mediuaz was proiuced
when that partiocular amino acild was oaltteds The sualler
the perscent, the more required the amino acid was for
viral replication.

The resultes are seen graphleally in figure one, alm
en a persentile dasiss It was found that upon omission
of wethionine from the mediun least viral multiplication
ocourred, only 0.5% of the smount produced in eon-lete
mediaun.

Lysine was the next nmost required, the remaining
aning aclds resquired in wvarying degrees, Withous
histidine, 73{ of the normal virus cutput was achleved.
I8 should de noted, in relation to Tankersley®s work (44)
that arzinine was the second least required matrilite
in this particular system.

irus _:rofuctio v/ al%g in Pasa] refiun fa:le
eficlest in (ne_411n3 Acile

he results in the previcus expsrizents differed

greatly froa the requirements shown by Tankersley (44%).
For this reason experiments were repeated using a
procedure siuiliar to hise

Pasal mediua EZagle (MME) was sudbstituted for minimal
essential meltune The eells were grown in complete
mnellun, then starved of the particular anino aoid in
question for 24 hourse After 23 hours in the ¢eficlent
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meiiun, each monolager was infeotesd wita 100 plaque form-
inT valtse Incudation was tersinated et 43 hours slthough
Tankersley eontinued ineuhation for 72 hourse 7Ths remilts
froa erperinent one denonstrated the disadvantarse incurred
by inculation of this cell line in deflisient meliun for
72 hours,

The use of a 41fferent mediun and procedure &1i4
alter cons raquirements for the AU cell line, aa recorted
in tadle 3¢ Arzinine now apjeared as much of a reguiree
ment as methionines The data indicated valine was the
most essential, But since the results were very close to
methionine and lysine requirements, 1% cannot be def-
initely seid which was more erucial for viral synthesie.
A requirensnt for histidine was more merked in tais
systez whereas with 24 mecium 1t was the least required

anino acld,

Aning Acld Cesulre-ent for Virms rroductisn bz the aYy
¢ell Tn coxarison to tae (. =2 Celle '

Tne anino socld requlireasnts for the A} eell in these
ex;erizents were 4ifferent from thoss of the huaan
esohazeal epithelium experiments done by Tankersley (i%)

IS was contended thalt the discrerancies may have been

due to éifferences in ¢ell types rather than erperizenlal
proceduree T0 test this hypathesis sncther csll line,

hunian ¢;:1dsrmold carcinoma, was esployeds This eell line
hald beocn uszed Ly Folznman (42) when he eonfirmed Tankersley's

fintinz (44) for an arginine requirenant.
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Medium mmm (] cells C—) HEp=-2 cells

ARGININE

U]

CYSTINE i %§§
GLUTAMINE o _mmm  43%
HISIIDINE
ISOLEUCINE
LEUCINE
LYSINE
METHIONINE
PHENYLALANINE |
THREONINE
TRYPTOPHAN

TYROSINE

ullJl[[mu1"1" mmr

VALINE

5= 10
COMPLETE BlE L — iogé

A A A ']

5% 10% 15% 25%

Fige 2. Comparative virus production by AU and HEp-2

cells in basel medium Eagle deficient in one amino acld.
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Teble J¢ Aount of vims produced by AlJ
eells in comrarison t9 that produced
by Hipe2 cells in basel mellum Eazle

deficient in one axino scide

Vedlun AJ ealls H3p=2 cells

zinine 2508 136‘
Cyetine 5200 4000
Glutanine 3738 h1s
Eisticine 6090 n3
Isoleusine X0 191
loucine 423 210
Lyeine 243 141
Yethionine 229 83
fhenylalanine 550 243
Thrsonine 599 339
Tryptochan 620 355
Tyrosine i#) § 26%
Valiane 132 224
Cozzlets R:2 9000 €33

Fesults of ons experiaent done intriplicate
8. 0u/71 2 20 avee stde Gove

b, fa/21 x 10~} 2 25 avze 8t leve
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The =2 cell line waas tested sirultaneously with
the AJ cell lines The procedure was Lfentical for both
cell lines and hag been gilven unfer part 111 of the remlts,

The realts of the experiment are given in taile 3 end
figure 2¢ Ih9 amino ecld regquirenonts vwere ziailiar for
toth ecll lines exce;t for one euino acide Clutamine was
regaire! to & much greator eéxtent by the LT)=2 cellge If it
was ozitted Suring viral prroliferntion in the AJ ceoll, &3i
of the gasunl replicatel in conplete meslun was protuced,
iiowever, 1f clataiine ¥as onitted during re:lication in the

Lip=2 ecell, only 6J of the normal anount was praduceds
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Exazination of the results indicated that methlonine
wae the most required amino acid for the maultiplication of
herpes sinplex virus in AU eslls whan mininsl essential
mediun was used, Tankersley (&%) reported that ar;zinine
was most required for herpesvirus growth in human esorhaceal
epitheliune ils aystea 4differed in three ways--virus straln,
host csll, and mediuie The styain of her;es virus was
f1solated in his laboratorye The Xeolntyre straln of American
type culture six was used in this studye Different anino
acid requireasnts ean de due to different virus types an?
mutants as was shown with poliovirus (8 ) (51)e

Tanzersley use! basal medius Eagle, & synthetis mediua
develo ed for optimal growth of mouse fidrodlastse The
etudy re;orted here originally employed zminimal essential
mellun, optizal for growth of human earcinoua (iela) eells.
The AJ cell grew optimally in K27, which eontained twice the
szount of each azino acid in B4Z, except ones FKinimel
essentizl medium eontained six times the amount of ar.:inine
in BMZ,

Wnen minimal essential mediux was used, the requirement
for methionine was very warked in comparieon to other require-
nents (fize 1)s When B E was eaployed in following ex;eriuents,
five a’2itisnal requirsaents, including arzinine, were as
marico?! ag the methionine requirements Thess may Le require-
ments for general funectioning of the cell rather thaa for

viral re lication. -
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A ¢eficliensy of intividual anino acids was reflected
in viral multiplication ad 43 hours (table 1l)e Additional
fnoubation caused eell Cegeneration and €14 nog accuratealy
denonstrate grecifia viral reguirementss This eame effect
may have been achieved when B#32 wes used, especlally with
prolonzeld ifnsubations Deletion of an smino acid from a
medimm which alrsady had a saall anino acid concentration
wad soon reflected in viral replication, as the amino acld
pool 18 ¢e;leted within 12-28 hours (15) (37)e Thus the
requirsnents demonstrated by B7E eould have been ¢due to a
gross anino acid depletion and smudseguent cell dezeneration.
A timed gtuly would be necossary to 200 Af a single deficliancy
had the sxae affect on viral multiplication doth early and
1ate in infection.

Tanzersley®s Cenonstration that lysine inhibdited
mltiplication of herpesvirus ean not de explained by use
of a éifferent mediums Both E4I and ¥4 tests with the AU
oell indicated 1t was second to methionine as a requirenent
for viral replieations Lysine has definitely deen shown to
be an essential amino acid for survival and growth of mamae
1ian cells (11) (12)e I8 inhidited certain viruses, tut only
when present in excess (13) (3)s It 18 a conatituent &n
the protein coat of several viruses (6).

folznan o8 ale (82), using a éifferent esll line,
eonfirned Tankersley®s finding (43) for an arginine require-
ment in heryesvirue multiplication. iaok of arzinine during
multiplication remilted in decreasesd virus prosuctions The
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relative requirenents for other snino acids were not
deteralne’s iinless connarative stulies are male, the enino
acid which 18 nost required is not knowne

fhe diecrepancien betwean Tankersley®s work and the
study hore could have dDeen due to uese of different cell
liness 7T0 test this possibility the HEIp«2 cell line uset by
bolzman was compared to the AU celle The proceturss, exce;t
for a giorter incubation period, ant mediua were like that
of Tankersley®se Thls motification was nscessary as noted
in the remilts on the effect of incudetion tinme on proluction
of virus in defielient nelium (27)e Zach of the thirteen
anino aeld deficlenciss, except glutamine, hat a siziliar
effect on viral aultirlication in bHoth the AU and HIZpe2
celle CGlutazine wam nore neceessry for the iip-2 cell than
AJ celle <Culy ona reventh of the &mount of virus protuce!
by the AJ cell was profuced by 2372 in glutanine deficient
nedlur,

a8 varying requireqsnts £or replication of the smane
virus do pot a;pear to de end on differing amino acild metad~
oliem aa0ony hoad cellos In nanialian cells, the thirteen
essential azino acl’s, exce.t slutauine, are astadolized ¢
8 =iniaal de;reey they are primarily incorporsted ints cell
protein (13)e Umisasion of one essential srino acid ;robvatly
linitse the 1ncorsoration of that enino acld into viral enzyues
and virzl ;rotein coat.

Wien one anine snine acld was deleted fron the extracellular

neliua, host cells malntained the concentration of the remalning
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ernino e£ci%s with 1ittle change foar twenty=-{four hours (37)e
Secanse Lhe varsing ssind acld regalrements 342 noet relate to
different cning gaid metabollim:, the #44ifferent anino acid
requirearenta nisht have beesa due o the concentretlon of on
&iino £¢12 1a the intracellular pool and ite effzot on contrel
mechenliezs of the host calls Thers was g minimel intracellular
enino aci? cancentration, penullar to each anino scld, thet
¥ad ndcsysary for a cell to initiate proteln syathecls (li)e
This may alo3 corresyont to virsl proteln eynthasiss 17 the
concentroticn of an aninoe acit droped below a aritiszsl threshe
aldy viral rrotelin and thus edz;lete virug, was nd>t cynlhesized,

A minizal econrcantration of an anins acld may ales play
& role ina niclels acld grnthesise 1t has been ghown that a
gaunly of asxing aclds wag necesanry for nucleles asld gynthesls
in the hacteriam %o 0211 (33)e A simllar pattern in maniae
lizn ¢cells hag not been demomstratede If one erxlsted, 1%
might Inileate anino reqiirenents for resllieation of viral
nuclela antile

The intracellulary anins enid concentration Aepen’s on
the exiranelilular azing asld econnentration, the grecifie
a3ing ecld asd the eall linee I thisg studty the first two
factors were constan®, only the cell lines diffarets Thore-
fore, the Aif{Terent arino anld requlrenentsa for the Hiw=g
and AU talle must raflect their caranity to concantrate a
rarticulay c2ino acid, in thia case glutaning.

ilez ead Fazle {(37) have mhowm that the Prse auing aocid

pools of noviallian aells 40 not differ sicaificentlye ine
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azino acl?, methionine, was not faun?t in ths free asino aclis
pool of liver cella it was fount in the f'e'a cell, If
nethionine were not coneantratal intrecsllularly by trhe A7
cells, thta coul? acrount for the wothicalne rojuliraent
found in this etudye [Aikerioe, methioninsg way not have been
£8 par:e? a »oqulrerent in tha eell 1line voat by Tanliersley
hacruse tha cell eould concentrote the ening arid intracele
lularlys

If &:4179 aclt ronls of the AT and 7wl cells were very
sisllar, es ¢iown with ‘ela, liver sn? eemunctiva (27), the
¢ifferent aninge acid remiirenents may havs hoen due 5 thelr
abllity to retain en emino {odrrcellularly when it has bHeen
ositte’ ertracellularly, A ¢1fferant sasunt of leakase or
loss has bes ohsorvet with cla an? liver eells (37).

The eonaet of the host cell conrentrating anino anida

gty witn eyetine cdaficient matium, Malither A7 O Hine?
eslle romilred eyetine for viral rerllication to the extent

of gll cthor twelvs asing acifse  Sincae eyotine enuld not e
detected in the intracellular mainos acid pool (37), virel
eymthesls mast not have decenle’l on the rool for {ta source
of cyetine in the virgl rrotein eoate Cyetine conll be rrovie
én! by four guoneral rathivars in the host cell, inclu’inz ée
rovo grabhesis (13)e  Even thouph bloesyntherlis does not
suffire for rrowth of the host call, 1t nay e eanurr far
viral re.lisations 76 18 2loo rossible that eystine was not

a ecompment of herpes virus and was not at gll neste? 4n
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ynbheslee  Croline wes a e¥i oncat of other viruses (8)
whaieh €10 reoslre 8 Jor osyatneain (7).

The rrgslreant for methizalne for tath AV and (-2
oolle oy bo 12latet 3o the incbillty of tieoe cells ¢
effectively cmrenlrate cyullaes I cystlng was 2 cononent
of the virue aad yequlre! for 1t: ryrthecls, the ecll roy
eyatheaire c7o%ine 1o methlorines If zueh @ ;athiry exizied,

t uaul? ev laln the requirement for nmathiosnlne sa! lac’t of
a 1egalre . out For cyglinm,

Unlareton?ing the many elulilarities auony eell lipzrs woy
e nore fnnortant than an eliucifgtlon of 2iffrvent aslan
acld requlrerentee The giziler rejulre-anta hedwesn the AU
and TTi-? ¢2llsg far twelve out of the thirtosn esnentisl
anino azlieg 212 ot corrslate with thely Alveres Cifferences
ag cell ty o 2se The <R call wes A& cancersus ¢oll vith a
riekh faoter soneratisn tiza than the "asmmal® AL call,

it kza bren egiovn thal most eell lines have sinllar
growtn rejulrezents (13) ant exine acl? yools (37)e Muny
cell lines of Aifferent orizin ars intistin-ul shadtle
mor;hol2-ienllre This wey he tecauce they have teen 12olate?
fst malntalive?! anfer siznilary eénvirommental and nutyitismes)

con”itionte



le

20

3e

4o

Se

L Y e &“‘.
SRR R T2 TR

¢f the thirtesn aaino acids in minlzal essential mediyn,
onlezion of methlonine caused the greatest reluction in
the azount of herpesvirus produced by the AU cells.
(migsion of histidine caused the least reductions

ihen basal nediun Fagle was eaployed, additional saino
acid yequirements Jacluding arzinine were as markad es
the methionlne yrequirement had been when mininzl essene
tial meiiun was en:loyed,

AU eells and {(T)=2 eells had giziliar requirenents for
tvelve out of thirteen anino aclids in basal nediun Iazles
In a glutazine defliclent mediun H¥p-2 cells profuced
ono-seventh the eamount of virus produced by AU cells when
coz are! to the anount produced in complete mediume
Cyetine cdoflclency least affected viral repliostion in
besal medlum Eazle by both the A and H{Zp=2 cellse
Incubvation tine in a deficient madiun and éifferent
ne’ia £ffected the arparent anino acid requirenents.
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relative requiresents for other smino acids were not
deternline’s iinleas ronrarative stulles are mate, the anino
acid which i1g mnost required 1s not knowne

e dlgcrepannies betwean Tankersley®s work and tne
study here could have been due to use of 4ifferent cell
liness 70 tezt this possibility the HIn.2 cell line used by
fiodzman was compared to the A celle The procelures, evce;t
for a ghorter Lncubation perisd, an? medium were like thal
of Tankerslay®se This motification was necessary as noted
in the results on the effect of incubetion time on pro'uction
of virus in defiolent nmedium (27)e Fach of the thirteen
anino acid deflciencies, except glutanine, hat a eiziliar
effect on viral multirlication in both the AU an? HFe2
celle Glutasine waa more necessary for the i7p=2 cell than
AJ eell, <Inly ona reventh Of the exount of virus produces
by the AU cell was profuced by Hip-2 in rlutanine deficient
nelluae

he varying requirenents for replication of the saue
virus ¢o not a pear to do,end on Aiffering anino acid metadb~
oliem az0ny host cellse In mannalian cells, the thirteen
esgential nuino acids, exce;t glutanine, are metadolized to
a ziniasl de;rTeey they are p;rimarily incor;orated ints cell
protein (13)e OUmission of one essential arino acid probvatly
linits the incorporation of that anino acid into viral enzya1es
and viral ;rotein coate

When one anine snino acld was deleted froa the extracellular

ne’lura, host ealls malntained the concentration of ths remalning
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ezine £oits with 11ttle change for twenty-four hours (37)e
Decsuse Lhe verying aszindg scid reguilrements ¢id not rolats to
eifferent ooindg 291 metzbolimi, the 41fferent gnino acit
requirsaents xizht have beea Sue to the ecncentrelilon of on
auino £c12 in Lhe intrecellular pool sn? ite effeost on control
nechenlezs of tho host calle Thers was & minisacl fatrasellular
e2lno acil? concentration, pesaller to each azino celd, thst
¥ad neceiasry for a cell ta initizte protein synthecls (1%)e
T™his asy alrpd corvresyon’ t9 viral proteln eynthesiss 1 the
concentraties of en aniro acld drored beldw a aritizal thredhe
eld, viral rrotein and thus e¢oz lete virug, was n>% synthesplizel,

A miniasl econsantration of an &nind ecld may clso play
a role in nuclele arid gynthesige It has been zhown that a
gionly of exing gclds woe novesaary for rmclele acld gymthesls
in the Moeterins fe 52131 (32)e A simllar pattera in naniae
lizn eells hag not been denmotrateds If one erxiste?, it
ni:sht intleate anino rvequirenents for replieation of viral
nucleia anile

ihe intrarellular anino enid conceniration Aesents on
the exlirarellular a7ino selld eoncentration, the soerifis
azing aold and the eall lines In this stiuly the first tuo
factors were constant, only the cell 1lines Qiffarets Theorse
fore, Lhe Jifleyent anino acld rogulresenta for the jii=Q
and AY z2a21llg must raflsct thelr capracity to concentrate n
particalar ciino ecid, in this cace glutaning.

il2z and facle {(37) have ghown that the Prse anins secid

peols of nniaallan nells 4o not 4iffer sivnificontlye (ne
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arzino aci?, methionine, was not fount in the free asine aciA
pool of liver collo s was fount in the e’ a colle if
nethinging wers not coneantratal intrecsllularly by the A4
cells, this conl? account for the methilonine rogquireient
found in thls gtudye [ilkewlze, methionine wny not have been
88 parte? a roquire=ent in thae eell line veat by Tanhersley
boccuse the oell eould comnentreote the aninn erid intracel.
lulerlye

If &4150 acl? yools of the AV nnd 'l oolla were vary
eisilar, e2 ehiowvn with llela, LiTor snt eonfunctiva (27), the
Cifferent anline aci? reviiveentisa mor havs been dug 9 thelr
ability to retaln en eninod intrecellularly when it hns been
ositted ertrocellularlys A A1fferant ensunt of leaknse or
loss has bem ohsorvet with ela an? liver cells (37).

The ésnce -t of the host cell conrentratin: anino anidsg
in ite intrasellular rool mey alzy exclcein the reamults in this
stily witn eyetine dafloient natiyme Helther A7 OoF HT e
edlle remlirsd oyetine for viral rerlication to the extent
of 211 atncr twelve aaing ecidss Sinca eyntine eould nat e
detected in the intracellnlar gring acid pool (37), virel
synthiesis =14t not have derente’ on the ool for 1ta source
of eyetine in the viral protein conte Cystine coull! be provie
de? by four poneral rathwars in the host cell, inclu’inz de
naty gentheries (13} Even though binesynthergis does not
suffieca for rrouthy of the host coll, 1% nmay bLe eansuzhr for
viral re llcctlons 1% 18 2lod rosaibhle that eystine vas not

a conpoment of herres virus an? wee not at 2ll needet in
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Eyntheslee  Crolins wan a eon, oniat af othor virzses (%)
wialeh ¢3¢ regitra 4t Doz eyutaesisz (7).
e ressireramnt for metnivndne fo1 talh 40 end [[7-2
eolls ray La :nlotet o Lths Yncuility of thooe celle ¢t
effactively cmrenbrate cryullaes 12 cyetline wan o cown onent
of the virue aad yeoypuire! for 1ds eyrtherin, the o211 vy
gyathesics eysting fron methliominesd YT zueh & rathinmy exlzted,

t weul?! evlain the requirezent for nothionlae ega? daet of
& regalye nad for cyelinte

_
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s

1eteatiag the nzag elsilaritiesg aqony cell lints 2oy

te more iz-ovtant than aa elucifotion of Fifferent azine

arld reaulrerentes e 2ixilsr requlre-ants helwesn the AY
U2 021ls for twelvs oul cf 2he thirvtosn esneatial

g2ino anls 212 5ot corralate with thsly Aiveyse Cifferances

as cell v T2 The <2 c2ll wss a temcersus ocll vith a

rneh frstey srznerzliism tina than the "noarmnmal® A7 call,

1% rz3 ey egiovn thal mest eell lizes heve ginllar
growty yeoulrenents (13) on! exino acld yools (27)e Mov
cell lines of A1fferent orizin ars 1ntistincul ahle
noryholesionilye Thig uapy he btesause they have teeon 17°late?
en? maintaive? unter sinilar envirammental and nutiitiomed

ata”itionce
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Of the thirtesn anino acids in minlmal essential mediun,
onlesion of methlonine caused the greatest reluction in
the azount of herpesvirus produced by the A cells,
(migsion of histidine oause) the least reductions

then basal nediun Fasle was emnployed, additional azino
acl? requireaents including arzinine were as marked es
the methilonine regquireaent hal bdeen when mininal esazene
tizl =meliun was enrloyed,

AT eells and iiT)=-2 ecells hed siziliar requirenents for
tuclve out of thirteea sxing acids in basal medium Zaxles
In a plutarine feficient mediun NEp=-2 cells pratuced
one-geventh the gmount of wirus produced by AU cells when
conere! $o the exount produce’ in complete mediume
Cyetine cdoflclency lenst effacted wiral replicetion in
begal me'lun Eozle by bokh the AU and HiZpe-2 cellne
Incubation tinme in a deficient meadiun and different

nelia offecteld thae arparent anino acld regquirements.
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