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.Abstract approved
or ror essor

The development of the Lee strain of type B influenza

virus was shown to be inhibited by puromycin in tissue cu1-

ture of the chick embryo chorioallantoic membrane. The

compound is an antibiotic of unique structure which has

been reported to possess a broad range of biological ac-

tivity against unicellular and multicellular organisms.

rnvestigations were carried out to examLne the extent of
inhibition induced by puromycin and to discover possible

explanations for its entivlrel activity.
Puromycin caused complete inhibition of Lee influenza

virus development in tissue cultures at a concentration of
8.0 micrograms per ml, marked inhibition at 4.0 microFrams

per ml, and significant inhibition at Z.O mierograms per

ml. The compound inhibited the formation of infectious
virus in tissue culturesr os well as virus hemagglutinin.
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At & concentration of 4.0 microgrsms per ml it caused in-
hlbltion of cel1 growth, but did not block all metabolic

activity. In vitro experiments indicated that the compound

was not virudical and did not influence the end point of

the hemagglutination reaction. At a concentration of 4.0

micrograms per ml it did not interfere with the edsorption

of virus to the chorioallantoic membrane ;ig vitrg. The

combination of L-canavanine plus puromycin showed a syn€r-

gistic effect on the inhlbition of virus development in

tissue cultures. Combinatlons of ribonuclease plus Puro-

mycin, benzimidazole plus puromycin and m-tyrosine plus

puromycin showed additive effects on virus inhibition in

tissue cultures.

None of a group of purines, pyrimidj.nes or their nucleo-

sides or nucleotides was able to reverse the inhibition
caused by puromyein in tissue cultures. A dose of 1.0 mg

of the compound adrninietered twice d&i1y for three days

did not interfere with the developnent of influenza virus
in mouse 1ung.

The amino nucleoside of puromycin not only failed to

inhibit the vLrus but actualLy gave a significant enhance-

ment of virus yield ln tissue culture fluicls lt & coocon-

tration of 0.20 mg/ml. Concentrstions of 0.40 ng and

significant increase of the virus0.10 mg per ml caused a



concentration in the culture fluid. This proved that the

anino acid moiety of the molecule is necessary for the in-

hibition of influenza virus.

It sppears from the results obtained thet the inhlbition

of virus development induced by puromycin may be due to its

interference with normal synthesis or utilization of meta-

bolites essential for the multlplicatlon of the host cel1

and of the virus, possibly the synthesis of protein.
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INHIBITION OT THE DE\T$"OP},TENT OT I.EE
INM.,UENZA VIRUS BY PURO}'TCIN

INTROIUCTION

An lnvegtl6atlon of the effeota of ohenleal coupoundo,

Etntrcturel analoguos of knorn metabolltoa, on the deveLop*

nent of vlnrces 1s Juctlflsd both by the need of ohsao-

therapeirtlc agents ancl by the poeelblllty that sueh an

tnvestlgatlon may provl&E sone lnfornatlon on tbe relatlon-
ghltr bot,recn tha vlrus amd hoat ee}l.

A oonpound dtepS.ayLng antlvlral actlv1,ty nlght lnter-
fere rlth vlnrs devel,opnent at any of the three phasce of

vlnra tnfeotlon. Itre compound tsay prsvent the lnltlal,
adeorptlon of the vlrus pertlole to the hoet oell. Thls

lntorforonco nXght be due to the alt,erlng of gurface

strueturoe of vlrus partl,ol,es eeaentleL for th6lr r:sact,lon

on oonblnatlon rlth tho hont aeLla, or to deatruotlon or

alterlng of oel.L reeoptor: slteg necessary for the &doorp-

tlon of vlrus partloleg to the host 4e11. The tnhlbltor
may lnterfere rlth Eubst,anoes egsentleL to the fonnatlon

of ner vtnrs nater'laLr oF lt, uay beoone lncorporatcd tnto

nerly fotred vlrus partlolea, and once lnoorporatodr the

oell nay pnod,uoe abnoma,l vlrus palrt,lcLes that Ere una'ble

to furthcr uuLttply and lnfoot other oeLla. The chemloal

oonpound raay 6x6rt ltc ef,f,oct, on the flnaI phase of the

lnfeotlon cyel,e by lntcnferlng Ylth tho release of nerly
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forued vlrua partloles.

fhe probablllty of f,lndlng 8n aotlve antlvlral agent

that roul.d aelect,lvely lnhtblt the dovel.opnent of ner vlrus

uaterlal ln the lntaot, experlmental. anlnal ts lndcecl s3,t.ght

at the preeent t1ne. A tr arge nuuber of chentoeL oollpounds

have been teated for antlvlral aettvltyp but only a few

have denonstratcd a elgnlflaant !.nhlbLtory ef,f,eet sn vlrug

deveLopnent rlthout toxLs effaots on the host oeIlg.

In prellnlnary at,udles of a nunber of organLa eonpounda

teeted for thelr posglble lnhlbltony effect upon tho deveL-

opnent of tnfluonza rrt,rus tn tlssue ouJ.turer puronyoln, a

speolflc lnhlbltor of prot,elr aynthealor ras found to be

h16hly lnhlbltory.
Evldenoe that a aufflclent ooncantratlon of puronyeln

eould be obtalned ln the Ll.vlng tlgsue of nloe and, 5ulnea

plgs to eonpl.etely oure or suppress trypanoaone lnfeotlon,

the reponted curs of human elecptng eloknosa due to

trypanoaonss, End the l,ov concentratlon found to lnhlblt
the ctevelopnont of lnf,luonue vlnre ln tlEgue ouLture

pronpted f,rrrther etudy wlth thle eonpound.

Boycn ts work (r, FF. 1-154) ehorlng the eynerglEtlo

effeet of ooublnatlons of, aeveral anlno aold analogueet

rtbonualeeeo, and bcnrlul&eaolc, ln tnhlbltlng tfie grorth

of lnfLuenta vlnre suggsqtc0 that the neehanlsn here nas

assocleted rlth synthoalr of vlrue proteln. Ttrls led us
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to look for other poertbLe lnhlbltore of proteln aynt,he-

els, and puronyoln thua appeared rorth explorlng. preLlm-

lnary eqperlnente nere pnonlslng and Juatlfled the studlee

reported ln thla thEgls.



HI SIQRI CAL RE\EEW

Puronyoln ls an antlblotlc of unlque sttxroturc and

blol.oglcal actlylty. It ls produocd clur{.ng fernentatlon

by the actlnomyeete Streoton]roeg albo-nlgsn es deeorlbcd

by Porter g! gI. (25, FF. 4O9-41o) antl Herltt et aJ.. (12,

pF. 254-2641.

The struetur:e of purouycln bears a elose resenblancs

to that of the anlno acid,-bearlng end of transfer rLbo-

nueLelo aold, rhoae olmllarlty oan be a€en ln the foLlor-

lng fornuLao.
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6-amlno nltrogen of thc purlne rlng.
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poss6as66 e bnoad rang6 of blologj.cel eotlvlty, belng

ef,feotlve agalnst parasltlo rorns, protouoe.r beoterla, and

manumaLlan oeLLs. htronyoln dLeplayed a altght bectero-

statlo effeet rhen teatedl agalnet Oreu poeltlve and 6ran

nagative bectcrLa 19 y*,tfq. and $g vlvg Forter g! g!. (27,

pp. 409-41.0). oolLten and lluoklngon (5, pF. L46-159)

found the antlblotlo to be e competltlve antagonlst for
guanlne ln tlre grorth of a purlne nequlrlng straln of

Fsc4Ertp.4ls! gg.&1. GaLe antl Folkee (9, pF. 5A7-5LT| obaerY-

ed that punomyoln lnblblted the tnaorporatlon of, glyotne-

C14 lnto cllerupted stsphyl.oaeceus a,uq6tlg o6LJ.6.

Tlre amtlbtotla hae exhlbltod ths noat lntereatlng

aotlvlty agalnet protozoa and multloelLuLar organlam.

HerLtt and asgooletes (12r FF. 259-264t obs€rYod that

punonyotn roadlLy suppraoced SryiaPoeone P..9u1p.9.nclum lnfeo-

tlon 1n nloe andl rabblte, and, ras partl.ally effootlve

ag,elnat f. SXS.E!. Trlncoe g! q&. (32, pp. 505-507) ob-

servod thet nultlpXe doEes of puroayoln admlnlstened dally

for a perl.od of seven to 1O daya pnavented the devcLopment

of 3. segF.l,e$so and !. &gfpqg"g. Toble ( ]X, PF. 853-859 )

1n an oxtenslve etudy of trypanosone tnfectlon ln u1ce,

obs6r"6d that puromyoln had a atrong euppreerlve effeet,

agalnrt, ft ve of slx speolee lf the drug rae adalnlstered

appnoxluateLy four houra aft,an tnoculatlon or at thc

helght of lnfeetlon. C}lntcal ovldenoe reported by
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trlnaao gg Sl. '(33, pp. Lr-LTi ]4r pp. 784-7951 suggeated

thet, the orsl adulnlotratlon of punomycln dlaLJ.y for a

perlad sf soyen to L0 days effectlveLy cured hunan aleep-

lng slcknese d.ue to g. Fambtensg. Ihe work of trlncao and

assoclates wao oonflrmod by Hsu1e and co-rorEers (11r pF.

108-1Ir) ln the tneatnent of patlents tn the blood-lyuph

stage of trypanosomtaals. $lnLlarly, Young gg gI, lr7, Fp,

808-BI2) observe{ thet nultlpLe doses of the drtrg admln-

lstered dally to patlonte who rere heavlLy l.nfeoted on

wor6 expoeed to 1ar.6e nunberg of, lnteettnal, protozoa had

a supprosslve ea well a8 curatlve eff,eot agalnot the

protozoe. trlrthen, onoe tlrE lnfestlon rse cJ.earedr the

oontlnusus adnlnlet,natlon of the dnu6 thnee ttnes reekly

for alx reekE pnevented any nor lnfeotlon.

The grorth lnhl.bltory effect of puromyoln hag elso

been denonetrated agalnst other gsncra of protolosi

Teylon g! gL. (29r p. 449?) shoned that expcrlnentall.y

tnducecl amoebiasla ln gulnca plgs uas effoctlvoly oon-

troLlecl by puronyatn. fhonpson and oo-workors (30n PP;

7rT-15A\ reported that the clnug hatl a potent effeot

agalnot lntestlnal a,moeblasle 1n ratsl &It6 snooblo dysen-

teny ln dog,s.

tha bro*d range of b1o}o6lcal. eotlvlty ellsp3.ayed by

pur*onyaln has also been shgwn by lts effect upon raul.tl-

cellul.a,r organtsno. &nckoster and Hablbe (77, FF. 44-49)



I
ln a allnloal teet agalnat, I{ynpnoLgtle lggg lnf,eotlon tn

humang reported the dnrg had only a sllgbt effeet ln Io-
duclng the lnfectLon.

In addltlon to the grorth lnhlbltlon dlspl.ayed a8alnet

protouo& and nultloel.l.uLon on6anl.sns, puronyoln hes aLco

been found to hav€ * olgnlflaant effoot on a varlety of

experlmental tupora. froy gg g&. (15, pp. L86-191) observ*

ecl that puronyoln lnhlblto{ thc grorth of uamar"y &deno-

carolnona CH3 ln nloe. A ran6a of effects fron destruatlre

or tnhlbltory to ud}d or no eotlvlty rae obtalnodl depend-

tng upon the type of tunor and doaage. Gensnal toxlotty
aoconpanled oarolnostasLg, elnoe peak aatlvlty rae onJ"y

appanent at naxlmum tolerated doeea.

0ulng to ltg ohenl"snl struoture lt ras naturel to

attrlbute the grorth lnhlbltony offect of puronyoln to ltg
poeslbl,e noLe as lnhl"bltor of purlnes, nuelelo aold, and

protaln ayntheela ln blologlaal eysteno, Iarnollnaky amd

{e la l{aba (}6, FF. 172I*L749) tr€r6 the flnst to reoognlae

thet puronycln LnhlbLted the Lnoorponatlon of lpleuoln6*C-

14 lnto proteln ln a. oo}L-freo pnoparatlon fron rat llver.
It wae su6geoterl that thls tnblbltlon lnduocd by puronyoln

prevented the tna.nsfer of, amLno ecld fr"on soluble flbonu-

e1clo aold to mloroaona.l protcln.

ttrare 1s oonslderable evldenoe rhleh auggeste that

puronyeln ls a apealflo lnhlbltor of proteln eynthesls.
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Cr"6assr (5, FF. 288*2951 reported that B Blnl.num baoterlo-

statlc soneentratlon of the anttblotl,o lr&s sufflctent to

oonp}etely bLook the lncluoed eyntheela of B-gal.aotoeldaeo

tn Stephvloeoocue Brtr€ugr Taksda g! 91. (27, FF. 169-177)

studyln6 the grorth luhtbltlon lnduced by puronyeln ln
Pgeudgnonae fluoreeogng euggested that the antlblotlo
nlgbt be acLeotive ln b}oektng proteln eyntheele. Gorskl

g! d. (10, Fp. 508-5L1) reported that lntraperltonesL

lnJeott on of purouycln hourLy for four hours Into llvlng
rate supllressed prot,eln syntheals lE flyo ln utorl, 3.1yer,

heartl klelney, end thymue aB neasuned by the Lnoorporatlon

of lnjected radloaottve glyelnc. Al.so under the sane oon-

dltlons rlbonualEle aoldl aynthenla ra,E not lnhlbltecl ln
any of thE rat tlgsues testoal. iluel16r gg gI. (20, Fp.

164-L59) fn a glulLar test ylth ovenlotonlzed rats Bug-

geatedl that puronycin La a hlglrly affectlve agent for

blookl,ng protoln oyntheeln !g 4rq ln the utsrl. Here

agaln the antlblotlo had no offeot on rtbonucLElo aold

ayntheala. Levtntor and eo-yorEsrs (17, Fp, 22O-9p91

neport,ed that upon the addltlon of puronycln to a tl.ssue

eul,ture tnfected ulth poLlo vlnra both satunatlon and,

rlbonualelo acld syntheals wer€ prevonte{l 1f tha antlblotlo
weo edded earX.y ln the Latent penlod, brrt that llnlted
rlbonuoLelo aold eyntheels ooourred lf lt was added rear

the end of the latent pertod.
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Booent e xperlnentaL date reported by oevennl lnvcett -
6at,ora augruent the oonoept flret euggoatcit hy yarnollnaky

ancl de ].a Haba. Nathana and Llpnan (21, pp. &97-504]

uelng E. CoLl ribosones aB a tonpl.ate suggeoteil that prro-

mycln prohlblted the ftnal oond,engatlon of eotlvated anLno

aclde to peptldeg. NEthans g! el. (22, pp. L[f-L33} tn

addltlonal uork suggost,Ed that puronyoln lnterfered rlth
proteln syntheels by apl.tttlng off peptldea Fon tho

rtboson&I nLbonuoLolo aold tenplete by eubstltut,lng ltseLf
for eellular amlno-aoyl eolublc rlbonuoleic aot&. Aa a

further lrdlcatlon of lnterfcreroe nlth proteln aynthesla

Rablnovltg and Flaher (24, pF. 47?-481) obaerved that,

punonycln prayented the transfer of smlno aold lnto rlbo-
sonel proteln ln Burlloh Asoltcs tumon oellc and nabblt

retleulocytes tp $!9,. SlnlLar: resuLtg rere obsenved by

Monrle a,nd Schuoet (L9r FF, 4L5-4L6).
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M(PERTI{ETTAI UATERIAL8 A}tD UETNOD$

The LEe atraln of type B lnfluenza ylrue deelgnated

&r LcB-Rr rae uged ln tlasug aulture stucllca. ?h1g vlnus

ves obtalncd frsu 0n. F. L. Honsfal,L.

Ihe tee streln of, !.nflucnga vlrus uscd ln nouge ex-

perleents had a long hlstory of egg pasaa6os and. rae

orlglnal,ly obtelncd fron the Ancrtoan Type OuLture Col"lec-

tlon. The stooks sf thlg vlrtre had bcon aclaptecl by e
gerles of pescegoa ln tho noure Lung.

Stook vlrtre rag nalntalnsd as lnfeotlve al.lantolo

fLutd taken frou erabryonated aggr a,nrd atore{ at -50oC.

Stook vLrus preperat,lons rore made by dlJ.uttng olcl etoak

rrlnre 1l1O0O ln ch1IIed phoephate bufferod saIlne and ln-
ooulatlng 0.1 ml voluues of thls dllutlon 1nt,o the

allantolo seo of 5-8 ten-day-o}d ohlck enbryos. Thsge

oggs rGrs lnoubated fsr 40 hours at, ,5oc. .A,ft,er guoh tlue,

the e6gs rcn6 chllled rt -?OoC. for one hour, and the

allantolc flulds uar6 aseptlcalLy harvcEted, pooled, and

aentrlfu6ed to rouove aggregetee fron the flutd. Ihe

pooLed lnfeotlw fluld vas dlluted 1l1O0O ln ohllIed Phos-

phats bufforedl sallne and 0.1 nl voluno of thls cllLutlon

$a$ lnJcotecl 1nt,o the allantolo oavltles of liO-4O ten-daX-

oLcl ohlek cabryoe, Tho oggs solto lnoubated for 44 hourE

at ,lo1. Ihe al,l-antolc flutdE yere aeeptloally renoved
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fnon these oggs, pooled., and centrlfu6ed to ronoyo blood

ceLls and other debrlg. The lnfectlve fLuLd ras d.lstrl-
buted ln 1.0 nI quantltles tn sten1J.c ootton plugged

serol,ogloal. tubes fltted rtth nterlLe rubber stoppera.

The tubes rer€ napld-frogon ln a soltd CO2 ethanol alxture,

and then stored at -60oC. Aftor freeztng, two tubes rar6

thawed, pooled and the ylrug tltcr deternlnedl by lnfeotlv*
lty tltratlon.

Eres

- FsrtlLe chleken eggsr ohlefly $ets H&tspshlne Rede, trone

obtalned fnon the Mld-Valley Hatchery. Eggs w€rts lncubatedl

fron nlne to Ll days ln a nolst atmospherc at 38oC. After

lnoculatlon, the egge rero lncubated at 55oC.

Furomyoln

Puronyoln ra,B euppllerl by Hutrltlonal Bloohonloal.E

Corporatlon.

Reagont grade chenlcaLs rcro uscd In pneparatlon of

al.I aoluttons. Del,onlzed rater ugad tn pnsparatlon of

eolutlons and reshlng glaasraro hed a ooaducttrtty of

O.3ppn or lese Bs god,lun chlorlde.
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Alsovor:f s golutlon

fh.te sol"utlon uced for thc ooll,ectlon a,nd etorage of

rect bLood cel.Xs had the follorlng oouposltlon:

Glueose 20.50 6rana
Sodlun chlorlde 4.2O grans
Cltrlc aotd 0.55 grans
godluts eltrate B.0O grang
Delontzed. ratsr to 1000 n1.

fhe sol.utlon ras &lopeneed ln 100 nl. quantltlec ln wlclo-

mouth Jars and autoolavedl fon 15 nlnuteg at l,21o0. Aftsr:

starlllzatlon the soLutlon rag ctored at 10oC.

Physloloelcal SaLlna golutlon

-ffi-

PhyaloLogloal sallne used as dlluent ln the henag-

gluttnln tltretlons res 0,85 por oent sodlun ehLorlde.

Ttrts Eolutlon Ba.s not stenlllzed. Buffened aallne used as

dlLuent ln preparatlon of vlrua lnocuLa for ahlok embryos

had the folLowlng oorrpesltlon E

NaCL g.500 grano
Na2HP04 (onhydrous) o.796 grano
KH2F04 0.170 Sireng
Dotorilaed reter to na.ke L00O mL.

fhc buffened eallno Eolut,lon ras dlstrlbutecl ln Pyrcx

bottlea and aterlllzcd by autoolavlng for 15 mlnuteg at

L2lo0. Ilre pH Yag 7.25.
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Hanha Belanaed Sallne Solutlon

Thls solutlon ra8 tho nutrlent f.Lutd. ueed, ln tlegue

oultures. Ths nutrlent eolutlon ras priopared as a 10X Gon-

oentnatlon atoak vtthout gluoose an0 etoned ln a 6Laaa

etoppered bottle at L0o0. Frlor to use tho stock solution

ras dtluted tcn-foLd and 1.0 Sren pen ).lten of gluooae rao

addod. the dllutod soh"rtlorr had the folLowlng oomposltlonr

The so}utlon raa dtapensed ln 50 nl quamtltlee lnto Pyrex

bottlee rlth Fcrex c*ps and autoolaved for 10 nlnutee at

L21oc. ftre pI{ ues 6.? efiar 6torl}1zat1on.

Phogphate-Glvolne Brffer

Thlo buf,fer sol.utlon, ueed, as dlluent for !g vl,tno

studlea f,or the dlrcot eff,cot of punouycln on ylrtrs ln-
fecttrlty, s&s pnepared by alxln8 eguaL rtluneE of 6olu-

tlon A and eolutlon B Juct befor.e t[6o. [he so]utlon had

the f,ollor!.ng oonposltlon r

So]"utlon Ag

I{aCl.
K0A
M6,SO4.7H20
CACLZ..2H2O
NA2HP0.4, anh.
KHeP0+
C[luoosc
Phenol red
Delonlzcd vater to make

GIyclne
godluB ehlorldo
IblonlEod rater to 1O0 mI.

8,000 greno
0.4OO gra,mo
O .2OO grar[E
0.L86 grans
0.060 Brslss
0.060 Erau6
1,CI00 gra,ns
0.0e0 grans
10o0 mL.

3.75? grarng
2.922 gra,ns
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$elutlon Br

1{a2HP04, Bnh. 4.000 Srans
Dsionlzed rater to 100 mI,

The two aoLut,lono rore stenlllsed aeparately by flltnatlon
through an ult,naflno poroelty Elnlter gLaea ftLter and

dlstrlbuted ln sterlLe Pyrex sorow cap tubee. PI{ of the

flnaL goLutlon ras 8.00.

fnfeotlvltv tltratlon

ftre lnfeotlvtty tltor res detertlned by preparlng

serlal ten-foJ.d dlLutloms of lnfeetlve fLuld ln ohtlLecl

phosphate buffered gal.lne. 0.L ml ro}uma of these dl}u-

tlsne $ore lnosulated lnto the aLlantoi.o csvltles ot

gnoupe of alx 9-lL day-616 ohlolr enbryoa a,nil lneubated for

40 houns ln a nolst atnoophene at )5oC. After lneubatlon,

the eggs yero chl1le{ fon ono hour at -20oC. r and a 0.5 ml

volunc of aLlantole fl,ut0 uae renowd fron eaoh ts88. fhlg

quantlty of a11sntol6 flulel vas tllLuted rlth an equaL

vo}une of physlologj.ca} sallne encl 1.0 ml volune of, I.0
per o6nt, red bloodt oetL euepenslon u&6 Bildlcd to gtve a

flnal. dllut,ton of 1:4. Allantola flutdl from e88s ohorlng

heoagglutln*tLon at thls dllutlon vas Gonsldenedl lnfeoted'.

fhe EI%O lnfcctldty tlter rag calaulatad acoordlng to

the nettrod of Reed and, Muenoh (25, FF. 49r-497r. fhe

EID5O repreBeatg the doge of rlruo lnfeoted fluld oauslng

lnfeotlon ln 5O per cont of the eubryoa.
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Hemann}utlntn

-

fltnatlon

Fnesh b}ood fron four or ftre ohlekens rag aol.leoterl

weekly ln sterll"o .{lsevsrr s solutlon. the ohtrcken red blood

oeJ.le wsre flLtered through oo&roe oheeseoLoth and raehed

ulth physloLogloal sallne by thnee cemtrlfugat,lons at 1.500

prpr![, for s6von n1nutoE. fhe naahed eells yor€ paoEed ln

a graduated sentr{.ftrge tube by a ten ulnute aentrLfugetlon

at 15OO F.p.B. t, stock 10 per oent suopcnelon of the

waEhed eel.ls $es prepar^ed 1n phyo1olo6loa1 saJ.lne. Ihe

stoch waa stored at 4oC. Ihe red, cell ouapenolona ueed ln

hema$glutinln tltratlons w6re dllluted rlth BhysloJ.ogloal

aallne to the approprlate Eonoentratlon lrunedlately before

ll8Or

$erlal Z-folil dl}utlons of, the lafEotsd f1ulds rsre

prepared ln phyelologloal eaLtne, beglnntn6 wlth a 1 l5

dllutlon and pnogregslon through a Lz32Q dllutlon. SIE-

lIarly, serlsl dltlutLone rere pnepared, beglnnlng rlth a

L:15 dll.utlon an& progreaatng thr.ough a L:480 dtlutlon.

The flutdg rero nlre& by alt,emately rlthctrarlng the flutd
ln a 1,.0 ml plpette and expneaslng Lt back s,nd fonth tnto

aerologlcal, tube elght tlnes. Aften nld.ng, 1.0 nL of

the dllutlon sae wlthd,rarn and trensfarned to the nert

tube tn the gerleo, nlxed, and etc, 1.0 nl of the nlxture

reE dlcearded, tlon the flna1 dllutlon of eaoh sertes. The

ftnal, voluse renalnln6 tn eaoh tube efter nlrlng aud
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redtransfer ras 1,.0 ral. A 1.0 ul volueG of 0.5 p6F esnt

csll su{lponsl,on rraE added to oeoh tubE and ths tubcs rere

thoroughly ehaken. Rcadlngs rero nade af,tar the eell.g

nere alLorecl to settle folr ,0 nl,nutes at r.oon tenBenatuno.

Hemegglutlnln tltsre tr6re determlncdl ualng tbe pattern

noethod of Salk (26, pp, 87-98). Tlterg rsre exBnesoed ao

the neolproeeL of the hlgfieot ylrua dllutlon ahovlng oos*

plete hemagg,lutlnatlon of, ttre red blood oella.

?1acuo Cultura lechnlques

tlssuo oulture technlques usedl rsrs Elnl}ar to thoge

of Temnr Folkens; &nd Horgfal.l (28, FF. 559-56?). All
glaosware, r:ubber etoppersr oild 6ep6 $6t.0 bol,Leil ln e L&b-

tone Bolutlon and wcre rlnsed I0 tlnee ln taped r*ter and

flve tLneg ln delonlzed r&ter. $Iesararo ras eterlLlzodl,

elthor by rlry heat at 18OoC. f,or tvo hour:g on by autoclar*

lng at 121oC. f,or 25 ml,nutea. Instnrnentg rore rashod ln
a hot Labtone eol,utlonr rlngod thorougbly ln tap rater and

delonlEed va,ter and, sterl}laed at L10oC. oyennlfiht.

ltro punomyoln soLutlon uaed ln tlEeue cultu.rer nas

preSrared, by d13.ut1ng ono tube of, stook ao1ut,lon of puro-

nycln I,u nut,rlent eolutlon. The pH of sueh col,utlons ras

adJustecl to 7.5 by the addltlon of sterlle 1.4 pcn cent

NaHGO3 eolutXon or: sterlle 0.03N HCJ.. All tlgsue oultur:e

golutlons reoelved suff:.olent penlo1111n O and atnaptoaycln
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to glve a flnal conoent,ratlon of 1O unlts per n1 of penl-

olLlln G and 4O nlonograns per nl of etreptonyoLn.

Sterllo Pyner ouLturs tubes wero fltted !r1th etcrll,E #4

rubben atoppere and the nutrlent solutlon, Hankst BSS, rlth
or wlthout punonyolR n&s added Ln vol.unes of 2.0 mL per

tube.

0?rorloallantols neabrarre ttssue was aseptlcalJ.y re-
novodl fron 9-lL day-s16 68gs ln tha fo1lor1ng Bennerl fhs

portlon of, sheLl, oyer the atr. aBo rres dlglnfected rlth
otrtng ttncture of lod,lns an0 oersfdLy rsnovsd ylth
eterlle foroeps. the alr sae aenbr:ane ras stnlppod sray

rlth aterlle fonoepe and tJre egg eontents w€re tlppect lnto
a sterlLe petrl dlah. Tho ohortoallantolo nenbra,no vag

genttry fneocl fnon othor stnuoturee rlth sterlle fonceps.

the ncnbranos tr616 *septlcall.y rashed by a6ltat1on ln
throe ohenges of stcr.lJ"e nutrlent solutlon, and cut Xnto

2 eu x 2 an Equerros. T116 tLeaue fregnenta fnoa gaeh rn6ts-

brana rr6rG pooLedt a;rel thorgugbly nlred to aesure random

dlEtrlbut,lon. the tlssuo pLeoea r6ra illatr.tbutedl one pEr

tube ln the oulturc tubce oontalnlng nutrlent eolutlon.

ftre oultures roro lnooulatedt rlth 0.]. nl volune of, on

approprlate dllutlon of stoak vlnrs ln nutrtcnt aolutlon,

and then, the stoppera uor6 aealed on nlth ceJ.lophans

tape. Ihe ouLtune tubss $6re lnoubated for 44-46 houns

and tho oulturo flulfls rero tltrated for vlrua
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henagglutlnln.

thc ttasue cuJ.tune tcohnlguee dcatgned to dctcrml.ne

the toxloLty of puronyotn f,or the grorth sf host ceLl.s

rore alnllan to thoss of, Lum and 5n1th (18, FP. 28L-295).

Chorloell*ntolo nembramos Yere harvestsd fron 9-lL day*916

ehlek enbryos tn tlre nannar deserlbed above, washed threo

tluea 1n eterlLs nutrlent Eolutlon, f,nd flnely ulneed rlth
sterlle soalpelg. lhe fragmonto Yors rashed, ln four

changas of, nutnlont Bolutton by oentrlfugetlon. Aftcr

the ftnal rashlng the oupernetsnt vae replaoed wlth stertl'e

nutrlent solutLon to glve a dlllutlon of three parts tlsaue

fnagnants to tro parts nutrlent eolutton. One tentb nl
wlunes of thls tleeue suspenglon was Alstrlbuted lnto

sterllc Pynex roll.er tubeE f,lttecl wttJr #0 nrbben etoppeno.

the tubes rers rotatsd a.:nc1 gantLF tapped to dlstrlhrte
the fragnents as unlformly as poeslble over the Loner

thlrcl of the tubee . Iho ouJ.tures rere lnoubatgd lu a

horlrortaS, poeltlon fon tro houns st 55oC. to ell'on edhetr-

enca of the fraguentr to the 51eaa surfa,ccet' Nutnlent,

solutlon rlth or rlthsut puromycln raa dllstrlbutetl ln

0.9 n1 vol.un6s lnto the tubes. Ihe ouLtunas rere then

placcd tn e rollotl drtrm opcrattng et 2 r.p.ts. anil lnou-

bated fon 44 to 46 hours at ,5oC. After lnoubatlon the

fragments rero exa,nlnof, mLor:oeooplcally for grort& sf ner

ceJ.l,e ground the fragmente'
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$terlLlt,y Tests

Atl preparetlons wsre testeil for etenlllty before and

after experloente by lnoculatlou of a gnall anount of Each

prepanatlon tnto a tubs of t,hloglyoollatE broth" Ihese

stenlllty oont,roLs YGre tnoubate0 f,or: one reck at 55oC.

firbes shorlng rto groxth af,tor thte perlod rsra aonsldered

st,erll-e.

Statlstloal Methoda

DLfferenoeg betraen &oans of, henagglutlnln tlters of

groups of tlastte oulture f,luldg wero tegtedl for e16n!.f-

lcs,nce ua1n6 Stud,entts nt,il teet (8r PP. L53-157). thla

nethod of analyelo ls Eppropnlate for oanples contaLnlng

Ieee than 10 ltens.

ihe neans Ehotm Lm eLL tebles &re Seonetnlc neans of

the t,lters.
As dl}uttons below l tl0 Eort; not nade ln ?he expenl-

mentar the true tltena Of flulds flhtoh dld not c&ueo Cotll-

pLete heuag6lutlnatlon at thls dllutlon uero not d,eter-

nlned. In Botse flulde thene nay have been no henag6J.utlnln;

Ln other fluldle there ntght hsYB been snfflclent heucS-

glutlnln pneoent to oauee conpLete honagglutlnat,lon at the

L 15 or 1r2 dllutlon. flu!.ds whloh dlcl not show oomp}ete

henaggluttnatlon et the I:1,0 dllutlonr but dlld shor per-

tlal hcaaggLutlnatlon $6re Erbltrarlly aaslgte{ a titon sf
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10 fon the purposa of, oaloulatlng geonetrlo &aanc. Flulds

ehorln6 negllglhle haeggJ"utlnatlon rone arbltranlly
aostgned, e tlt,cr of 5 for the purpoes of celeulatlng goo-

netnlc Eeans. ths foll,orlng era,mple shows & reproeentstlvc

etatlstleal. oonpanloon of, tuo n6s,no.

Table I. Statt"stloal oooparlson of vlrug present
ln tlssue culturas contalnlng 2.0 nlorogra&s psr
mI of, punonyqln rlth auLtures contalnlng no
puromycln. (A eemple etEtlstlsal analysfs)

Group I (treated)

firLtur.E Henagglutlnln logtO of Dsvlatlon Devla.tlon
numbsrs ttter tlter tlom nean squared

Lt
3
4
5
6

I
2
,
4
5
6

40
20
?o
N
2A
20

160
80
40
80
40
20

1.60206
1.30103
1,.50103
1. ]O1.0]
L. SOIO]ffif
2,204L2
t.g050g
1.60?06
L.90,O9
1.60206

##*81

o.25086
o.05017
o.05017
o,o50L7
0.05017
o.05017

a.0629,
a.oa252
0.00252
0.o0252
0.00252
0.oo252

$rn

0roup

gum

o.45155
o.15052
o.15051
0.L5052
0,1505r
0.45154

o.20389
0.02266
0,02?65
o.02266
g.0?,265
0.20588

XI (untreated)
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TabLe I. (sontId)

Moen of, Group I = I.35L2O
Mean of Oroup II = L.7525'l
Sun of squered devletlons, Oroup I lr O,O7555
$un of eq:uarEil Eevtatlons, Oroup II :s 0,49819
CoubLned sun of squ&ros = 0.5TW2
Sun of deg;neea of frsedon (6-1) + (6-1) = 10
Estlaated standard &evlatLon g

= t 0.L3829

Standarcl error of, dlffersnca betreen E€&rlg =

9-t$ff.fE.z *
t)

%,W,2 = t o.r}gag
6

D{.ffernenoe betvesn Eeang ra 0.401}7

Mweon Eesrls - rtn * A,gOaEE-

+

L.

2,

l{ana$g1uilnln tttera anc sxpressed as the reelpnooals
of tf,6 btghcat vlrus di.Lutlona oeusllg oonplete hemag-
gJ-utlnatlon of ohlEkEn ned bLood o6lLs'

Etre valuc of, Htft csloulated froua the data ls 2.904.
tr'Lsherrs tabls of nts Llsts a valua of 2.228 for 1,0

deSrees of fneo&om at the 0.o! pnobablllty levol' ln-
dt6atlng t,hat thE tllf,ference betreen the means of
Croups I and Snoups II are slgnlfteant at thts leYel..
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EXPERIUENfAL RESULTS

Mlnluun Inhlbltor-y Conoentratlon of Rrnonycln 1n Tlaaue
Culture

?h6 Lnhlbttory aetlvtty of puroaycln for tee lnfLu-

enua vlnua rag noted ln preLlntnery studles ln tlseue ouL-

tures and. rac firther lnvertlgated ln thls ayatem. The

nlnlnun lnhlbltory eoncsntra'tlon of puronyoln rag detetr-

nlned, by pneparlng groul,s of, tleaue ouLturee oontalntng

varylng ooneentratlona of punouyoln ln Hanke B$S and tnoc-

ulatlng them rLth &n &ppropr.late dlIutlon of vlnra. fhe

euLture tubes xer6 lnoubated for 44 to 46 hours at ]5oC.

and the ouLture flulda rr6re tltreted for vlrus henag-

gLut1n1n. The rcsultg of, flve experlnents are ahoyn 1n

Tab1e II. Puronyoln rac found to be oonpletely lnhlbltory
for tha developnent of tee-R lnf,Luenaa vLruE at e mlnlnun

concentratlon of 8.0 slcrograss por n1, rhlle a eono6ntr&*

tlon of 4.O mlerogra,no per mL oaured olgnlflcant, but not

complote, lnhlbltton. Tho mean vlnre henaggLutlnln tLter
of oultune fluld contalnln6 puro$ycln at oonoentratLons

of 8.O and 4,0 nlorograns per nI ra,g ncduoed to 1,.9 per

cent ancl 8.7 p6n cent, of th6 control value, reapeotlvcly.

The mean tlter of oulture flIuldl oontalntng puromycln at a

conoentrat,lon of e.O mlorograrus pcr nl yas reduoed to 46.7

per oent of the contrtl. va,lue.
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Table II. Relatlon of oonoentrattong of purouyoln
to the {egree of lnhlbltlon of Lee-R lnfluenza
vlrua tn tlseue oultures.

EID5g of
vlrug per
m} ln

Experl- tlseue Cult,uro
lturea numbe

Vtrug hemagglutlnln tltsrs
of tlssue euLture flulde
oontalnlng the fol.lou1ng

tlons o
I

t0
40
2A
1C
10
10

5

4.? x Lo5 I
c
1
4
5
6

Geo. Mean

10
l"o
10
10
10
L0

5

40
20
20
2A
20
20m

150
s0
40
80
40
20
57

II 4.? x 106 I
2,)
4
5
6

10
10
10
L0
LO
10

L0
10
10
t0
10
10

40
20
10
20
10
L0-16

20
60
,t0
80
40
80-trs([ao. Mean 5 5

III 10
10
10
Lo
10
10

5

10
10
L0
40
]o
20
L5

8o
60
6a
60
60
50B

4.? r Lo6 L
c
a
4
5
6

S60. !{een

20
5A
6o
80
80
BO
65

BO
80
80
80
80
80-86

20
20
20
Lo
20
20a

10
20
20
10
10
10

T0'

IV 4.f x 106 1

1
4
,
5

Geo.

I'O
10
L0
1.0
10
10

Mcan 5
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Table IL (contrd)

Experl-
nent

EID59 of
vlnus per
n} In
t,l egue
eultures

6uLture
nuuber

Vlr.rs heuagglutlnln tttors
of tlsgue cul.ture fLutdc
eontalntng the folS.owtng
eoneontratlona of puronyoXn

l+.T i 10
LO
10
L0
10
20

5

60
BO
80
60
40
60w

80
120

80
120
L20
L20-T6E

10
L0
1.0
t0
10
10

106 I
?
a
J

4
5
6

Cloo, He*n

1.

2.

Henagglutlnln tltera aro oxpreseed se the realprocal,e
of the hlgh.eet dll.r"rtlons of tlssue oulture fluldu
oauolng oouplete henagglutlnstlon of ohloken red blood
eelle.

As the Lorest dlLut'lon tttrated wae the L:10r alL
whloh dld not show eonplete henagglutlnatlonr but dltl
shos partlaJ" henagg;Iutlnatlon at, thls dllutlon wslro
arbltrartly aeolgned a tlter of l"O fon the purpose of
calculatlng the geometrlc aeans. A11 fLulde ehowlng
negltglble hemaggS.utlnatlon et the LtlO ellLutlon t*sre
arbltrarl).y asstgned a tl.ter of 5 for the purpose of
calcuLetlng the Seoaetrlc ts64n5.

t{l,arogrena per ml.

It wag dostrablo to detcmllne whether purornyoln at

mlnlnuu lnhlbltory oonoontratlon as neasured by hemag-

gL:.rt1nat1on rould aLso o&use a slgnlfloant reductlon of

lnfeotlous vlrua ln tlsoue cul,ture. Groupe of tissue ouL-

tures oontalnlng lnhlbltory oonoentratlona of puromycln [n

Hanks BSS were props,rsd ln the manner desarlbod above.

.AL} eultures reoelyed a vlrus lnoouJ,un sufflolent to glve
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ofe ftnal vlnrs oonocntrat,!.on of 4.? x L06 ,I%O pen n1,

tlssuc f .uld. Aft,en lncubatlon for 44 to lt6 hours at

15oQ., the oulture flul,cls rero pooled, and ocntnlflrged to

reuove aggre6atsg and, other debrls. The pooled tnfeoted.

eul.ture flulils rere tltreterl fon vlrug lnfeotlvlty and

henaggl.utlnln. teb}e III shorrs the resuLte of thlE oxptllr-

Iment. Infectad cuLturs fluld oontalnlng 4.O rnlcrognane

of purouyeln per nl, ghorod o a16nlfleant, reduotlon ln the

lnfeatlvlty tlter and hcnaggl.utlnln tlter, rh1l,e fluld
eontalnlng 2.0 nlcnograme of purouyoln pcr nl ahored. no

elgnlflcant dooreage ln thc vlrus lnfectlvtty and hcmaS-

g}utlntn. TIro lnfcotLvlty tlter of cultune fluld oontaln-

lng 4.O alorogtra,&E of, puronyoln per u1 rae 2.1 logarlthm

unlts belor that of, oulture fluld contatnlng no purouyoln.

Itre lnfeotlvlty tlter of ouLture fluld contalnlng 2.0

nlcrograns of puronyoln pcr n). vae 0.50 log unlts bElsr

that of the eontrol t!.ter. fnfght (16' pF. 487-495) has

dononstreted that a dtff,cronoe of Leas then 0.62 }oganlthm

unlts betreen tro lnfoetlvlty tltera cannot be coneld,erod

stgntfloant at thc O.05 probabll.lty level vhea flve

enbryoe are used at eaoh dtlutlon. The dlfforence betrcen

the tltena of culturc fluldlg aontalntng 4.0 nlcroSreme

per nl of purouycln ond no pur"onyaln ls hlghly eIgnlft'aant'

fhe roauLta lntllcate that puronycln lnhlblte fornatlon of

lnfeot,lous vlrus ln tlssuo GuJ.turss as reLl a,8 vlr:ua
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hanaggLutlnln.

tebLe III. Inhlbltlon of foruatlon of lnfectloue
Lee-R lnfLucnaa vlrus ln tlgsue oultune by puro-
myoln.

ftne of pH aften HemaS-
Sluttntntlter

Ircubatlon lnoubs-
Preparatlon at ]5oC' tlon

Er %o_p6r: mI

Oulture
fJ.uld--no
purouyoln

Gulture
flu1d oott-
talnlng 4.0
lB of FUro-
nyoln per nl

Culturo
f1uldl oon-
talnlng 2.0
t4 of PEPo'
nyoln per nl

44 hre. 6.4 107'0

44 hns. 6.4 107.50 160

44 hrs , 6.7 195'40 t0

80

]'

Ct

l{onagglutlnln t,ltsns e.ro expreased as_ the reclpr^ooals
of tfre hlgb.est itlLutlons of tlsgue aulture fLutd Q&uc'
lng eomptite hema6g,lutlnBt,lon of ehlcken red bLood
oellg.

Infootlylty tltera Yore detsrmlned by lnJectlon of &

O.LO uL yolune of eerf,a} LO*fold dll,utlone of ouLturo
flulde lnto the al.Lantolo oavttlos of groupa of 81x
I0-day-oLd ohLck eubryol. After lnoubatlon for 4O

houna at, 35oQ., the al,Iantolo fLulde of lndlvliluaL
eggs rene tested f,or thc preoence of vlrus henaS-,
gf[t,fnfn at the Ir4 dllution. Thlg data rore ueed
for the oaloulatlon of the EID5g.



2g

Cytotoxlolty Tegt

Anothor phass of thle lnvcsttgatlon conslsted of

Aoterolnln6 the toxt olty of puronycln for tho 6rorth of

host eel1E. Torlolty wae deteralned by addlng pu-nomycln,

prepaned ln llanks 8S,3, to ehontoallantolo meubrano ttasua

fragnante 1n roller tuboe. After lnorbatlon fon 44 to 46

houns at ]5oC., the tubEs mrc exaulned nlorosooploalty

fon tha grorAh of nEw oells around tho tlssue fr:agnsnts.

hrrorayeln at eoncentretlons of 8.0 mlorogralas per ul. and

4.0 utarograua per nI ooupletely lnhlbltod the grorth of

ner oe}la, rlrlle a eonocntratlon at 2.O nlorograas per nL

had no offeot, upon aellular grorth. A3,thougtt oelluLar

grouth rau oomplctely suppneescd at lnhlbltory oonoentre.-

tlons, the col}a stll.l nersalned uetaboltoaLly aotlYc &8

lndlcated by thc ahange ln pH.

Ylrucldal Effect

fhc cllreat vlnuoldal sffeot of punomyoln ras meaaured

by dotoralnlng thc cffeot of thc oompound on the Lec-R

lnfluensa v!.ltra lnfeotlvlty pnoperty. $, nlxture of cqual

parts of, f,reehly harvestsd lnf,eetlve al1sntolo fluld end

phoephats-gl.yolna buffer of pH 8.OO contalnlng a. ftnal

concentratlon of 4.0 nlorograus of puronyoln per lnl ras

prepared. A control nt xture of equal' parts of lnfeotlve

a}Lantolo fLulil and phoephatc-81yelne buffer rttbout
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puroaysln yfl.g pr6p&rod aLgo. Thc oontrol alxtune res

tltrated for ylms lnfeotlvlty anel heuagglutlnln lnred-
latel,y sfte r preparatlon. 'Ihe nlxture oontaLnlhg pl.lpo-

uycln and tnf,cetlve a.ll*ntolo flulcl ras aeguned to have

had the Eano LnltlaL lnfeotlvlty tlter end henaggLutlnln

tlter as ihe unlncubatEd oontrol nlxture. Infeott"tty and

henagg}utlnln tltratloms rore nade on both the oontrol and,

puronyoln preparatlon aftqr lnoubatlon for 24 houra at

]5oC. The reeuLtg of thls experlment are shown 1n Table

XV. hrromyole oauecd no groater loss ln lnfsotlvlty than

oeor.lnred Ln the oontrol vr.rus dur!.ng the 24 houre exposurc.

Sh6 lnf,Gctlvlty tlter of the nlxture contal"ntng puronyoln

ras 0.4?8 1.og unltr htgher than ttre oontrol nlxtiu.rc. Itre

dlfforenao botrrscn thE ttterr of the tro preparetlons ls
consldaned not sLgnlft oant r*ren fLve egga are used for
eaEh dllutlon (16, pp. 48?-495). Ihe resulte lndloate

that puromyoln had no dlroot vtruoldaL effeot on the vtrue

lnfectlvlty and heaaggLutlnln at the oonoentratlon tested

under the oond.ltlong set up ln thls expcrlment.

Ef,fqet on

Ilre Effset of, puronyoln on tho heuagglutlnatton ra8o-

tlon rs,s msasured, by tectlng for any effeat on a tttnatlon
of ths hemagglutlnln of, Lee-R vlnre. Tyo eenlea of 2-fol.d

dtLutlone of frozon lnfeotlye al1anto1o fLulrl rons
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Tablo fV. fg vltno effeot of puromyaln on
tsc-R lnfLuenza vlrus.

Tlme of
lneuba-
tlon at

pH
before
lnouba-
tlon

pH
after
lncuba-
tlon

Honag-
81ut1-
nln
tlter.

EIOEO
pen nLUlon 35oC,

Vlrus +
buffer bef,ors

Ylrug +
buffer 24 hrs.

Ylrtrs+buf fer
t*lttt FEr'o-
nyoln 4.O
ag per nI 24 hre. 8.21. agT.42B 540

8.0

8,0

8.o

8.15

1g9.75

167.00 640

I. Henagglutlnln tltens &re exprcgsed as the rectprOoels
of tfrC hlghest dllutlon of vl.nra oaualng oonplete
heroagglutlnatlon of chlcken red bl"ood eelIs.

2. ttre vlnrg usos tras ln the forn of tnfeotlve allant,olc
fluld harveeted on the dey the experlnent ras oarnLed
out.

,, Infeetlvlty tltere $ore dotermlned by tnJeotlng e 0.J.
nl voLure of corlal l0-f,o1et dil.utlotrs of, the test andl
aontrol mtxturea lnto the ellantolo oavltlen of groupa
of g1r 1Q-{ay-Q1d ohlots enbryoa. After lnoubatlon for
40 hour:a at 35'C., the allantole flulds of tn{tvlduaL
eggs rsre testodt for the presonee of vlrue hena6Lutl-
nin at the 1r4 dllutlon. fhege d.ata were uaed, for tho
oalaulatton of the SIDTO,

pnepared. ln physlo3.oglod' eel'Ine oontalnlng a flnal ooll-

centratlon of 8.0 mlenOglrs,ao of puronnycln Slen nL, boSlnnlng

wlth a 1;10 and L r15 dll}utlon and progneastng thnough to

1;2560 and L lL92O ctllutlons, respeotlvely. $erlaL Z-fol.d

dtLutlons of the a&Be frosen lnf,ectlve al.lant,o1c flulel

yer6 prepared ln physt ologlea3. aallne, rlthout puronyolnt
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beglnnlng rlth 1:10 and 1:15 dll'utlone and pnogneoslng

thr"ough to L12560 and L:1920 dllLutlons, reepeatlvely. The

flulds rer€ nlxed and a 1.O n} voLume of 0.5 per eent rad

cetL suepenalon nas edded to saoh tube and the tubes wero

thoroughly eh*hen. Readlngs wero made aft,er the oel1s

werr€ allored to settle f,or ]0 nlnutes at room tenporatulser

the resulta of tuo experluents are ghoxrn ln fable Y. A

coullarLson of the tso henagglutlnln tLters Indleates that

the proacnss of puronyoln dld not lnfluenoe the endpolnt

of the hmagglutlnatton resctlon. In other rordla the cots-

pound dtd not ttEeLf, oBus€ aS6lutlnatlon, nor dld tt
lntenfene wlth tlre neactlon aaueed by the vlrua.

EIfeqL on Adsorptlon of 'II4IPE $a $oet Qel'J.s

Ihe effoet of puromyeln upon the adoonptlon of Lee-R

lnfluensa vl.rtrE by host cells sag tested. Ororloal}antelo

Banbranos were harveated, waehod three tlnes ln Hankre

Balanco Sallne eoLutlon and pooled. the pooled tiseue

rae Llght1y blotted on stErlle f[ter paper and rolShod

lnto eterlle petrl dLahes. fwo control preparatlons, ooll-

talnlng lnfectlve ELlant,olc fluld at Lt2 and I:5 dl1u-

tlons, r€re preparect by cllLutlng froebly hervestod, ln-

foctlve alLantole f,luld Xn phoaphate buffened gallne.

I\rs tdontlcal nlxturca of lnfsotlve fluld and phoephatcd

buffercdl oallue but eontalntng punonycln In a flna]'
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TabLe V. ?eetg for PorelbLe
on tho honagglut,lnatton of
by lnfluonza vtrus.

effeot of pulronyoln
chlcken erythrocytes

Erpenlment Preperatlon Ilemagg}utlnln tltan

vlrus r saLlne
vlrus i puronycln

4.0*
puronycln * aallne

4.0*

640

640

640
640II

virug - ge}Lne

vlrus - puronycln
I$.0*

p[Po&yoln - Eallne
4.o*

1. Hemagg).ut!.n1n tttorg ere expreeced es the reolpnooaLa
of the hlgheet dlLutl"on of vlnus ceuelng oonplcte
hcnagglutinatlon of ohlokon ned blood oelle.

Mlorograme per mI.

coneentnatlon of 4.0 nlcrOgfens Yer€ prepared alsO. The

clllut,1ona of these prepEratlons rere the sanc a8 that of

the control. Each pnepar.etlOn rae etlvlded lnto t,wo egua].

volunee ln nhloh ons half reoetvqd tlssus at the rate of

l-.0 gren pen nl of f,Luld amd the other half rooclved no

tlsgue. The oontroL preperatlone uero tttrsted for vlnrE

henaggl.utlnln befone lncubot,lon. After lneubatlon for

]O nlnutca at 37oC., both the control. and eonpound pfopo,f&-

tlons, rlth and rlthout tlaeue, were tltrated for vlnue

henagglutlnln. ltre reauLta of the adsorptlon experlment
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are shorn 1n fab}e VI. In the oontrol and conpound Ffc-

paratlone, oontalnlng the L12 dlLutlons of lnfeotlve

fluld, there r&s no rlgntftcant loas of hena6gLutluln dur-

1n6 lneubatlon Bs sBB 0enonstratecl by tha conpartaon of

thelr heuagglutlnln tltErs to that of thc oontroL pFGpBle,-

tlon rhleh had not been l.noubats0. Thore r&B no appanont

dlfferenca 1n ths adeorptlon of vlrus to tho tlssue

whethen puroayoln YaB prosont or not. A oonparleon of the

tltere of, prepanatlons lnoubets0 nlth tlgsue to those of

preparatlons tnoubEtod rlthout tLssue tndloated tlrat

approxlmatoLy 6O per oent of the vlms henaggJ.utlnln raE

adsorbed to tho tlgsue ln both the contnol and ooupound

pr^eparatlons based on the lnttlaL tlton before lnsubatlon.

fn the preparat,lons aontalnlng the 1t5 dllutlons of ln-

fectlva aLlantol.c fLuld about, 8O pen eent of the vtrue

henagglutlnln raa a.daorbCId to the ?laaue. Ihere $as no

apparent cllfferenas ln the a,{lsot?tlon of the vlrus ts the

tlssue rhether puromyoln w&s pnaeent on not. Tlrere was

no lndlcatlon that t"tre ooupound exerted any olgnlfloamt

effeot upon ths adsorptton process.

Comblnodref,fF elopnent
Effect

-

of
of

Puronvoln and Anlno Aald Anelogs on
Influonza lllrus
ffi-

It rae

vestlgatlon

of

to

neJor lnterost In the ooullso of thls ln-
detorulne rhcther puronJroln wouLd exett a
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Tablo 1II. Ihe e ffost of puronyctn upon the atlEorlp
tlon of Leo lnfluensa vlrus to Chorloallantotc
meubrane tlEaue ln vltro.

Dllutlon
of lnfeoted
fluld

Concentra*
tlon of Inoubatlon Tlesue

llenag-
glut,lntn

punonyoln tl.me pr:egent tlter
Ll2

1r2
L:2
1:2
Lt2

0

o
4.or

0
4.o*

0
L.0r*
1,.0t*

6Il0

480
480
240
2t*O

Bef,one ln-
oubetlon

50 nlnutos
JO nlnutes
30 nlnutee
fr nlnut,es

0

o

1:5

1r5
1r5
1:5
1:5

0

0
4.0i

o
4.0*

0

o
0

1.o**
1.0**

3?0

240
240

60
60

Bsfore ln-
oubatlon

3O nlnutes
l0 nlnutes
30 nlnuteg
lO nlnutea

*
.r*

1.

Mlcrogran pen ul
Gra,m pen nl
Henagglutlnln ttrter.s aro expresged ag tho rcolprooal.a
of the hlgheat rlt"lutl.ons of preparetlone oa'uelng Eoln*
plete henag6lutlnatton of ehloken ned bLood oeJ.l-a.

ftre tlgaue rae freuhly harrested drorloallantols trffi*
br:ane rvhloh had bee$ rashed three tlneg ln Hanks bal-
anoe eaLlne eolutlon and had been aeeptleally velghsd..

,. Incubatlon ras earr!.sd out at J5oC, ln s. rater bath.

oomblned lnhlbltory effeot upon vtrla dewLopnent ln

ohonloallant,olo nenbrane t,tssue aultures rlth Y&rlous

amlno aeldg analogo. fhe varlous lnhlbltors soro seleoted

and tooted at conoant,rattons rhloh gaYe sono degrcc of i.n-

blbltlon but hacl no toxlo effaot upon tha tlssue.

ZC
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L-Canevanlne snd F"lronvcln

Comblnatlons of l,-aenaurnlne, a stnuotunal analog of

arglnlne, Bnd puromyein YGro exanlned fon lnhlbLtony

actlvlty agalnat tha developnemt of lnfl.uBnze vlrus ln

tleeuo cultures. ttre tno conpornd,g rere teetc0 both

slngly and ln sonblnatLon ln the tlseue culture-vtrtrs

systen ln the uranror pnevlourS.y cleecrLbed. The results

of the sonblned experLnents are ghorn ln ELSure f,.. It oa,n

be soen thet canavanlne, at a oonocntratlon of O.0l'25

ng,/ml. tn the t,leeue euLture fLuld, reduoetl the vlrue

henagglutlnln tlter to 74, oonparod to a oontrol value of

114. Thc dlfferenco betuteen these vsluea ls not slgRlf-

lcant. Ihe vlnus henaggluttnln t,ltcr of tlsauo aulture

f,Lulci oontalnlng pt1ro&ycln at a conoentratLon of 0.00I

wg/nL rae 98, rhLch Llkorl.se ras not slgnlflcantly d[f,f,ar-

ent f,ron tha controJ.. t'ho vtnrs beua88]utlnln tltsn of,

oulture f1ulcl aontalnlng the two ooncontnatlona eonblnod

wes reduced to 28 or 25 por oent of tho osntnol value.

I}rls nor6 than 4-fol.d. dlf,fenence has been ncpeatedly

founcl to be slgnlfloant (P = 0.05) rhan the valuss arc

the geonetrtc neane fron el5ht oul"turos ln both oonpound

amd eontroL Eroups. Jareta (15r pr 95) hrs desorlbed f,our

effeots rhloh nay bo noted rhcn tro antlnLoroblal agenta

act elnultaneousLy on tho os.no nlcnobtal populattonI

(1) 3be effect 1g lPdl{fglenoe r}ren the oonbLned aotLon
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ms,InE I

Conblned effeot, of L*eana,t&illne and puronycln on the devel*
opnent of, tsc lnfluEnra vlrrrs 1n tlesue culture

1. HenagglutlnLn tlters atre oxproased as the hlShest
clllutlons of tlasue oulture flulde glvlng eonpl.et,e
agglutlnatlon of, ohlohsn erythrocytee.

2. Eaoh polnt r.eprouoRte the goornetrlo mean of the
henagglutlnln tltens of elgltt tlesue bultures ln the
oonpound groups, &ttd tweJ,ve tlesue cuLtunes ln thE
contnol,.
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ls no greater than that of the nore offeotlve agent *lrsn

used alone. (2) The cffeot te iddltlgg rhen the aoublned

aotlon le equlvalent to the sun of the actlong of eaoh

agent nhen used sl.ons. (r) The effoct le synqrsleJu rhen

the comblned sct'lon 1o elgnlflcantly greater tha,:r the sum

of, both lndlvl.duel. eff,eots. (4) ttre effeot Le aqt.q$onl"flS

rrhen the aatlom le Loss tha,n that of the nore effeetlve

agent shen used alome. fhege crlterla aan aleo be ugedl

ln the etudy of tha ooublned. aatlon of antlvlral lnhib-

ttore. The reduotlon ln tlten roted rtth the oonbtnatlons

reprcsent a el.ear out ayncnglatlo acttrlty of the tro

ooupounde. firs oonblnatLon of lneffootlve levels of the

tro conpounda geve E marked, degree of lnhlbltlon. Tho 16-

duotlon tn tlter obssrved $lth the oonblnatlon ls greaten

than that obtalnedl by doublLng the oonoentr*tlon of olthcr

ooupound alone. Thts orlterlon ls a gecond ona sotsetlnea

ugod ln teetlng for synergl,an.

Rlbonuoleas€ and Ftrronvoln

Rlbonuole&sor sn onz5mo tnhlbltory for the dovelop-

ment of lnfluenu& v[nle tn ohlok enbryo tlgsue culture,

end puronyotn rrore otudletl Ln a slnllar nanner' The

reauJ.te are ehonn ln Rlgure 2. Ellbonuol€a,so at, a oo116€11-

tratlon of 0.2O ng,/nl ln thc ou}ture flutd neduced the

henagglutlnln tltcr to 40, conparetl rlth a aontrol value
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ffiGURE A

Conblned effect of :'l.bonuol.ease end punonyeln on the davel-
opaent of tee lnfluenaa vtrue ln ttssua cu].ture

Heua66luttnln tltars *ro sxpressed as the hlghcst
dl}uttons of tlssue culture fluldg glvlng complete
agglutlnat,tom of oht okem erythrocytes.

Eaoh polnt repnesonto the geometrlc Eoan of the
heneg6lutlnln tlters of, elght tlssue oulturee ln tho
conpouncl groups, snd, trelve tlasue cultures ln the
eoittroL.

1.

bt
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af 77. ?hle rsduotlon tn tlter ls pnobably not slgnlf-
lcant and. nay be oonsldored ae thneshold lnhlbltlon.
Hronyeln *t a oonosntratton of 0.002 mg/ml tn the oulture

fluld redrroed the heua$g].utlnln tlter to 49, a ttter not

gl8nlflcantly dlff,erant flrom the oontrol. A nlxturE of

the tro eoncentretlono Ln the oulture flutd reduaed the

heuaggLutlnln ttter to L2 or L5 per cent of the asntrol

value. The oonblned threehold Levels of the two oonpounds

thue had a sLgnlflcant lnhlblto:ry effeat upon vlrue deveL-

opuent. Doubllng tbs oonoentretlon of the nore effectlve

cempound reduced tho hemcgglutlnln tlten to s value not

slgnlfleantly dlfferant stetletloally fron that obtelnsd

wlth the nlxturc. ?he naturs of tlr€ comblned Effeat of,

these tro oonpounds eppoars to bs one of narked addttlon.

fl[,-p-frfrroroDhenvla]anlne and Furomyeln

Dl.-p-fluorophenylslanlner Bn antagonlst of phenyl-

e1.anlnen and. purouyalu wor6 exanlned for poaslbl,a soo-

blned lnhlbltony effeat upon vlnue d^evelopuent. The

rEEults of these e:rpenlments ere shorn ln flgure 3. Here

lt oan be geen that s mlxture of the txo ooupounds caueed

no great,er r.e&r.rotlon ln the heuagglutlnln tlter than that

of the moro effeotlve conpound when ueed alone. Ttesue

cuLtures contslnlug 0.0OL6 ug of Di.-p-fluorophenyl.al,anlna

pen nl of flulit gave a henaBgJ.utlntn tlter of 64' oonpered
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pICURE }

Conblned effect of DL-p-fl.uonophonylalanlne end puromyeln
on the developnEnt of Los tnfluenza ylrus 1n tlgsue ouLture

Henaggluttnln tLtera oro expreesed ae the hlgheat dllu-
tlone of tlEsue culturs flulde glvlng oonplete ag6lu-
ttnatton of chloken erythnooytea.

Eaoh polnt rcpresento the geonetrlc ncan of the henag-
glutlnln tltera of elght tlseue oultureg ln the oom-
pound groupsl and treLve tleeue oultures ln the oontrol.

1.

Zt
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rlth a oontrol value of 92. Thls reductlon ln tlter ls
not stetletloal1y elgnlflcant,. Puronycln at e concentra-

tlon of O.OOI ag/nl tn ttosue ouLture fluld Louenedl the

henagglutlnln tlter to 80, an lna1gnlfloant degree of ln-
hlbltlon. These tro oonosntretlons oonblned onl.y neduoed,

the vlrug henagglutlnln tlter ta 72 or 78 pen oent of the

oontnoL velue. .&lso 1t tg elean fron the dose-rogporloo

ouryes of tho aonblnatlon and thc lndlvldual oonpounds

that, 1nhlbltlon le no 6neaten rlth the oonblnatlons than

wlth the nore effectlvo oompound rhen used aLone. Jarets

desorlbes euch eonbLned ef,feot as lndlffenent,.

DT-6-fvpoglne and Puromycln

Conblnatlons of puromyoln and Dl-m-tyroglner a. et,ruc-

tural. analog of tyroelne and phenylalanlne, rore elnllarly
exanlned for lnhlbltory sotlvtty agalnat the development

of lnfl.uanza ytrus, The reaults of tho experlnent are

ehorn ln Pt gurc 4. Chrlture fluld contalnln8 0.063 nB of

tynoalne pcr ml gave a hanagglutlnln tlten of 98r oor-

parad rlth a oontrol veLue of 132. Purouycln at a GoDGOn-

tnatlon of 0.OOA ag,/u} tn t,lssue cultunc fluld Lorered the

heneggJ,utlnln tlter to 1L6. Ihoae tro eoncentratlons

conblned roduoed the vlrus honagglutlnln tlter to 46 or

)5 per oent of ths control value. Thts three fold rsduc-

tlon ln tlten le on the borclerLlne of elgnlflcanoe rlth
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MGURE 4

Conblned effect of Dt-n-tyroslne and pur:ouycln on the
developnent of Lee tnfluenze nlrus ln tlssue ouLture

Hena6glutlnln ttterg are expreseed as the hlgbeet
dllutions of tlssue ouLture flulds glvlng oonplete
ag63.ut1natlon of ohioken erythrooytea.

Eaoh potnt repreoonte the geonstrlc Bean of the
homagglutlnln t,Xtar of four tlssue cul'turea ln the
coropound group and twelve eultures ln the oontroL.

1.

Zo
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r.eapcot to the eont,rol vaLue, and elgnlflcantly dlfferont

fron the tyroolne vaLue, Thereforer 1t appears fnon these

reeuLte thet the nature of, the oonblned effeot of these

two conpounds ls addltlon.

Banalnldesole and Purouyoln

---

Elgrrne 5 Ehors the rsau]ts obtatned nhen puromyaln

ls coablned rlth bensLalcl&&ols, an antagonlet of purlneo,

ln tlgeue aulturee lnoou}at,ed rlth lnfluenza vlrue. Here

lt can be s6cn fron tho &ose r:esponse curves of the con-

blnatlon and lndlvlduel oonpounde that lnhlbltlon la $ofl6-

rhat hlghen rLth thc oonbtnatlons than vlth the lndllvldual

oonpounde. Benzlratctaaolo at a conoentrctlon of 0.15 u6/nl.

ln the ouLtune fluld noduced the hemaggLutlnln tlter to

63t conpercd to a oontro], value of 95. Thlg reduetton ln

t,lter lc not slSnlfleantly dlfferent fron the eoutnoL.

Tlssue aulturos eontalnlng 0.002 ng,/nl of puronyaln per

mL of fluld gevo a hemagglutlnln tlter ot 52; a slgnlf-

lcant degree of lnlrlbltlon. A mlxture of theee tro eon-

oentretlons ln cuLture fluld neduoed the henagglutlnln

tlter to 20 on 21 pen cemt of the control valuer a fipthen

decreaee from the above value for puronyoln alone. The

conblned effset of the tro concentratlone ra8 a llttle
greaten than elttrer of thE Lndtvlduel effeots, and, alaot

a threshold effeot resultod, rhen tro lneffectlve
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TIOURE 5

Coublned offeot of benalmldazole and puronycln on the
developneut of Lee lnfJ.uenza vlnug ln tleaue oulture

Henagglutlnln tlterc a.ro orpregeed ae the hlgheat
dllutlons of tlssrrs ouLtune flulds gtvlng eonplete
agglutlnatlon of oh!,ohen erythroeytea.

Eaoh polnt repreeente the geonetnlo rn6an of thE hom-
a661ut1ntn ttters of flftcen tlssue cultures 1n the
oonpound groupsr oild trenty-four tlssue oultunee ln
the oontrol,

l.

D
L'
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concGntratlons of the tro oompounde Y€ro coablned,. It
doeo epps&r frora thcse regults that the n*ture of the oon-

blnsel sffeot of, thesc tro oonpounde ney be one of sddltlon.

Attempts to Reverae the
&, SLsLug Slltune

Inhibltory Aetlvlty of Rrrouycln

ftre abll,tty of the eompound to lnhlblt the fonnatlon

of lnfectlous vlr:ua ae reLl as vlrus hena881ut,1n1n 1n

tlesue cultunes, and algo, to Lnhlblt the growth of neu

cel}s euggeats that lnhlbltlon lnduoecl by thle conpotrnd

nay be d,ue to lnterfersnoo ylth protoln oyntheols as shorn

!n oorta,ln other syotens. Aslde f,ron tht s poselblllty the

stnroturaL reeenblanoe of tho oonparud to a.nlno-aoXl

rlbonuslalo sold and to natural ocoumln6 punlne presented

the poeslbtllty that ths lnhlbltory aotlvlty of the Bots-

pound ntgtrt be thE nosult, of an ant,aSonlen to natural

purlneg or pyrlnldlnec er thclr nuoleoeldeE or nucleotldea

lnyolved tn the potabotrlgn of, vlral nuoLclo aoldl. Also

1t hee bcen ahorn that the punomycln lnhlblt,lon of

trypamoaone tnfeotlon ln nlce ooul.d be bLockEd or reveraod

by aclentno an{ edenlne dcrl"vatLve. fo lnvostlgate thlE

pooalblllty purlnes end pyrlnldlnes, nuoleoaLdea and

nuoLeotl{es rene adttcd to tlssuo eulture fl"ut,dE oontelnlng

nlnlnal lnhlbltory concEntratlons of puronyoln. The oop-

poundls 16rt1 dttsEolved at naxlnun soLublllty ln llanks
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balanoed eallne solutlon and were eterlllzed by flltra-
tlon through ultraflne poroslty elntered gJ.esa flltens.
In each oaso, the uarlnun eonoentratlon of the eonpound

tosted ln tlsaue oultureg In the flret experlnerte wag

approxlnatel.y 2500 foLd greater than that of puronycln; or

lf lmpoealbles the naxluun solubl,a level, ras used. The

punlne or pyrlnldlne clarlratlvre and puronyoln rere tosted.

both slngly and In oomblnatlon uelng the tlasue culture-

vlrn:s syatem deecrlbed proflouely. Tableu \lTI, VIII, IX,

X and XI shor the noeulta of severel experlnentr ln whLoh

att,enpts uere mado to neverse the lnhlbltlon of vlnue

developnent eaueed, by puronyotn. Theee compoundo yoro

obeenved ln prellmlnery studlos to exert a sLlglrt parttal.

reveraal effaot on the i.nhlbltory actlvtty of punonyeln

end rera further lnvestigateel ln the tlseue ou}turs-vlrua

eysten. ?he reaul.ts of oxperlnent f ln Iablo YII geantd

to tndleate tbet oytldyllc acttl nl6ht have exerted solrle

s).lght reverelng effeot but thls rBs lnelgnlfLoant and rae

not oonflrned by resuLts of srpenlnent II. Replloete 6x-

penluents rlth cytldyX.to soltl gave reguLts elnl}ar to
thoee obeerved rlth those of expcrlnent II. The nesult,s

eb,orn ln Tabl,e VIII geenad to J,nctloate that guanyl,lo acld

nlght exent a partlal revsrgal ef,fest, on the ectlvlty of,

puronycln. flrlg ef,f,eot obsemod ulth guanyllc acld oould



Ieble VII. Inhlblt,lon of tee-R
nent by Punonyoln: Att,empted

52

Influenza \il[r:ue Dcvclop-
Rereroal. by GytlclyLlo Aold.

ExPer-
luent

utlnln unlts per gL of tlssue ure f1ulds
lnocr.rlateel rt"th 4,7 x EIryO of Lee-R lnfluenza

fl,uld plus 0.004 ng of puronyctn plua
0,00,4 ng of the f,ollowXng ooneentrat,lon
puromycln of cvtld

nuaben Control

I
II

The number of hemagglutlnln unlts of vlrus rss o&leu*
lated fron the goometr.lc Bcans of 3 replloate cultunee
ln the eoupound Sroup, and 6 replloate cultunee tn ths
control group. t{emag6Lutlnln tltsrs a,re expreseed
as the neclpnocal.s of, the hl6heat dllutlons of fluld
glv1n6 aomplete agglutlnatlon of chleken nod bLood
cell.s.

Mllllgram pen mI.

not be oonflrned horerer ln adilltlonal experlncnta. ttre

B$re eltuatlon ls evldtnt rlth urtdlnc, uraclL and url*
dyllo aold. It res eonoluded that none of thcse conpounda

oould olgnlflcrntly bloek the lnhtbltory aettvlty of, puno-

nyoln ln thls ayatem. fhs reaults of theae experlmont,a

ero shom ln Tablea IX, X and Xf. It appeare fnon theoe

reeul.tg tlrat the tnhlbltory eotlvlty of punonyoln f,or ln-
fluenza vlnua uas not rsvereedr on rcproduclbly b!.ookod,

by any purlneg of the pyrluldlnes, or thelr nuoleosldes

or nuoleotld.es.

L1

t6

L3

T

mL

4

6

120

110

1.
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TebLe \l-III. Inhlbltlon of, Lee-R lnfluenza vlrus deveLop-
nent by puronyclnt att,enpted reversal. by guanyllc aold.

Henagglutlnln untte per ryI of tlseue cult,ure flulde
lnooulated wlth 4,7 x tOb flO5p of Les-R lnfluenza

rrlrrrrn norr m'l

Nutrlent Nrrtrlent fluld contalnlng

Expen-
lnent
numben Contnol

fLuld pluo
0.004 ng of
puronyoln
per mJ.

0.004 mg of
uL pLus the

puromycln
followlng

p6r
OOil-

I
II

120

98

16

36

t2

x8

4

4

1. Hemagglrrtlnln unLta of ylrus uar6 caleulated frou the
geonetrlo noans of 3 repLLoata ouLtures ln the con-
potmd group ancl 5 nepl.lcate oultunes 1n the aontnol
gnoup, Henagglutlnl,n tltens ano oxpressed a,s the re-
clprooals of the hl6heet dllut,lone of fLuld 61v1ng
oomplet,o a6g).utlnatlon of ehloken red blood oelLs.

MlLllgna,rn per nI.

Mouse Test

Purouycln ras pr6p&rsd a,s a sterl}e so}utXon contain-

lng 2.5 ns/n] ln physlologloal saLlne. A slng],e dooa, oon-

talnlng L.0 ng, w&s a.d,nlnlstored to tlre anfunaLe ln a voLu!06

of O.4O n1 per lnJectlon. thls doge of the oonpound ras

tested fsr lnhlbltoqy aatlvtty agalnst the devel.opment of

Lee vlrue ln the uouEe Lung. s1x n1o6, welglrln9 2$ lo g8

grano eaehl irere 6lven one lntrapenltoneal lnJectlon of,

th.e above doee &nd lnooul.atedl lntnanasally alth a 0.05 n].

voluue oontalnlng l-0 IDSO of nouse adapted Lee vlnrs,

after one houn. The mlets were lnjeoted wlth the se,ne dose
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Table IX. Inhlbltlon of Lee-R
nert by puronycln r attenpted

lnfLucnza vlrus deveLo;r-
revereal by unldlne.

He utlnln unLts per of tlssue Gu ure
lnooulat,ed. rlth 4.? x I EIXIO of tee*R lnfluensa

Expen-
lment
nunber Contrsl

fll"utd plus
0.004 rrg of
puronyol.n
pEn nl

0.O04 mg of puronyeln
mI plue the foLtrorlng

ng
pGr
COtI-

oentratlon of urldlne

21

16

7

LA

L2'
82

I
II

1. Henagglutlnln unlts of, vtrus rore oal.cul"atecl f,ron tJrc
geonetnlo mo&ns of 3 noplloate ouLtures ln the eonpound
group and 6 roplloate oul.tures ln the aontrol group.
llemagglutlnln tlters are oxproased aa the noolprooala
of the hlgheet dl}utlon of f;Luld glvlng aompl"ete
agglutlnatlon of ohloken erythrooytee.

!{llltgran por nI.

trlco dally fon a thrse day penlodl. Slx contnol sleo re*

celvcd lnJectlona of, 6tsr"l.1e physlologloaI seltno and rare

lnoouLatecl *tth tha Eaoe ylrun lnoeulun. Appnoxlnately 12

to 15 houna after the laet tnJeotlonr the treated and coR*

trol nloE uorc saonlft,oed. ftro Lungs of each group roro

renoved, rashed, ln physlologloal. sallne, soored fon

pulmonarXr conaolldetlon, and welghed. Physlologl.oa1

eal.lne rae addcd to eeoh Lung pool to glve a dtluttron of

1:20 and the suepenclon $as ground ln the Vtr?ts houogen*

lzer. The grourd Lung rurpenelon ras tneated to reuove

Lung tlssue lnhlbltons os dsaonlbecl by Boren and Pl}ohen
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Table X. Inhlbltlon of, Lee-R lnfl.uensa vlrua d,evelopnent
by punonycln r attenpted reversal by uraoll

I p6r tune fl,ulds
lnoculated rlth 4,7 x 10o EII6O of Lee-R lnfluensa

rrl rrrn nara m'l

fluld pl.ua 0.004 trg of puromyctn p6r
0.004 uS of uI plus the f,ollowlng ooil-Exper*

lnent
number OontroJ.

punonyeLn
per. nl

15

5

L2

10

115

118

I
rI

5

5

1. Heuegglutlnlu unlta of, vl,rua scr€ oalouleted f,rom ths
geometrlo neans of 3 nepltoete cultures tn oonpound
group and 6 replloate ou}turea ln t?re aontrol. Sroup.
Honagglutlnln tltens ar6 explreeged, as the reotpnooal.o
of the hlghest rlllut}ons of f,lu1d glvlng oonplete
agglutlnatlon of chloken erythnooytes.

MlJ.llgra,n pen nl.

(4, FF. 458-459) and then tttrated for vlrua henagglutlntn.

ttre henegglutlnln tttor of, the lung euspenelon fnom tha

puromyoln treated grcup lnfeoted rlth Lee vlrug ras 3?l0t

that of the oontroL sroup rae 160. Ilrlg tno fsld rllf,fer*

enco betreen tltens ts not elgnlflcant vlth the nunber of

anlmalg usod ln the erperlnent. Puronyoln pnoduoed no

measunsble lrhlbltl,on of, Tlrus deveLopnent ln thc Lung,

evon though lt rag eff,eatLre In ounlng trypanooo[o lnfoo-

tlon ln mlce.
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Tab}e XI. Inhlbltlon of, Lee-R lnfluenza vlrtra dlevelopnent
by punomycln: attenpted neversaL by urlclyl.lc acld

Exper-
tment

Heu uttnln unLto per of tlssue oulture flutds
lnocuLated rlth 4.7 x 10o EID5O of Lee-R lnfluenaa

rl rqrn ncr ml
Nutrlent Nutrlent fluldooniEnlnE,
flLuld plue 0.004 mg of punonyoln per
0.004 mS of, nL plue the follot{ng con-
punomyoln g_erlnatlon of urldylLe aold

bo

L24

72

10

1.. Hena6g1ut1n1n untte of vlrus raa oaloulatcd fron the
geonet,rlc nea,n of repl,lcate oultures ln the coupound
group ancl 6 nepJ.t oate oultunes tn the control. group.
Henagglutlnln tlters ars expreoaed ae ths realpnooaLaof the hl8heet dll,uttons of fluld gl.vlng eomplete
agglutlnatlon of ohtoken rsd blood cel.Ie.

Mllllgran per" mL.

4l
2

I
I

II

A Conparlgon of the ^0,ot1vlty of, hrronyeln and Purouyoln
Anlno Nucleoelde $ Tlgeue Culture

Ihe *[nal phass of, t&le lnreetlgatlon lnvo].yerl ths

conparleon of the lnhlbltory aotlvlty of puronyoln rlth
that of, the enlno nuoleosl&a f,or vlrug development, ln
t,lseus cultures. 'Xhe puronyoln anLno nuoleogld.e ae d,e*

earlbeil by Baker g[ gL. (I, p. 28rB) trag been fouud to

have a uore powerful ef,f,eot upon trypanosone lnfeotlone ln
nlce and rabblts than puromyeln ltself (13r pp. 1222*

L2271. It has not boen foundl aotlve agalngt bactenta.

The anlno nuoleosldo rag tsEted uelng the tlseue sulturs-



57

vlrus ayrten deeonlbed prevlouely, The resulta obtelned

ln the preliulnary etudy lndloate that th!-a compound, Et

eoncontr:atloru oqulval,ent to those of puromyoln, ln t,leeue

culture f,Iuld wss ettuuLetory for the development of Lee

lnfluenza vlrus. It appeano fnon tho resuLts of theao

experlnenta that the amlno nuoleoelde Bave a etgnl*Loant

augnentatlon of, vlrus yleLd, and. as a resuLtr funther ore-

penlnenta uara undert,aken to detennlne thE degree of ihls
atlnulatlon.

The uarluun stlaulatory aonoentratlon of the a,nXno

nuelasglde wae deternlncd by prepar.lng groups of tlesue

euLtures oontalnlng varylng ooncentratlono of the a,nLno

nucleoslde 1n ltranksr ba.lamoeil eallne solutton and, lnoou-

l"etlng them wlth an &ppropnleta dllutlon of vlmg. Aften

lncubatlon for 44 t,o 46 hours et 55oC., the oultune fluLds

rere tltnated for vlrue heuagglutlnln. The nagults of

thls lnvestlgatlon are ehorm ln Table )ClI. the amlno

nuoleoslde at a eoroentratlm of 0.2A mg/mL ln auLture

fLutd lnoneased the vlrus hemag6lutlnln tlter to L65,

conpared^ to a eontrol value of 91, a sl8nlfloamt enhanoe-

nent of Ttrus ytel.d. Sllghtl.y 3,ower vtfira yleldo roro

obsenvsd ln tlesue auLt,ure fluld sontaLnlng 0.4O ng and

0.10 ng per mI of amlno nuoleoelde, Lt6 and 137 homa66X.u-

ttnln unlts por ml, respootlvoly. $tatlstlcal analyrte
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by the studentrs tttr teat (8, FF. 153-15?) r6r€B1s that

baeed on the L5 repLlcate ou,LtureE In eaah experinentel

group tho nean hemagglutlnln tltens rero htghly algnlf-

loant.

Flgher's Toble of |ttitr rfnr' (degreee of freedom)
gtves r

P (prahahtllty) 0.05
t tf, 2.045

ftre vaLue of rtr oaloulated flon the 6ata lE l

ConoemtratLon
0.40
0.20

rrtrt
3.?67
3,8L9

Tlre value of ntn ln eaeh e:rponLment*l group
exeeedo the value of rtt gf.ven ln I'lshenf a
table for the o.05 probabllLty 1.4ve3."

If ,.t ts a t,rue lnoneage ln the vLruo yle3.d thla 6ug-

geets that the anlno nucl"soslde nay ln some ray au6ment

tho transfcr of, amlno aotds lnto protelns tlrus stlmuLattn8

proteln ayntheels for both oe}l and vlrua proteln, or tt
may beoono assoolstsd Ln tba functlon of tnanafen

rlbonuolelo ecld ln the attnohncnt, of the anlno actrele to

rlboaone. lhe rasuLta also oleanly lndloate that the

a,nLno nucleoslcle dloes not lnterf,ers ur.th the funetlon of

anlns aeyt-rlbonuoLelo eslcl as la thought to bB the case

wlth xrur:onyoln. Ite laok of lnhlbltory of,fset on lnflu-
enza vlrus soeng to nesenble that on baoterla lnstead of

lts aetlon on trypanocotsas.
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anlno nucLaoeldo
of, tee-R lnflu-

EIDan of
virdE pen ml

I1TIB

tlssue
lng the

eulture f}ufule oonteln-
fol,Lowlng co:leentra-

ln tlssue
tunes

4.7 x 1o6

Culture
nunben

L
2
a
4
5
6
TI
9

10
1t
L2
1?

x4
L5

Goo. Mean

amLno nuoLeoslde

50
80

16C
BO
80

160
80
80
80
40

160
120

80
1.20

80-TI'

160
160
160
1.60
240
L20
1eo

80
120
1.20
160
1.20

80
160
r.60

80
524
2tfi
240
160
240
240
L60
24C
2t{.}
L20
r.60
L20

80
BCI

T6E

160
240

BO
r.60
160
160
80

r.5CI
50

160
160
120
r"60
r.60
r.60
L3?

1. Henaggluttnln tltere are exprsssed. es the neolproeaS.a
of tbe hlghest dllutlone of tlssue cuLturo fl.ulds
causlng oonpleto henagglutinat,lon of chlcken red bLood
ceLl,s.

Ml1llgra,n per nl.

l3ElnuLatlon $ Cvtldrlle Aotil

The stlmulatory aotlvtty of cytldylto aotrdl (2t3t nlxed

lsoners) for Lee lnfluenza vlrus y&s uoted lrt nevarsal

etudles ln tlseue cuJ.tunes a.nd nas ftrrthen studlecl ln thlE

syrteu to dotsrmtno the clogreo of etlnulatlo'n.

A range of stlmulatory Eonccntratlons of oytLd.yLlo
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a,Bld ras alnll.anly det,ernlned, uetn6 the tleEue oulture-

vlrus syoteu {escrlbed pnevtousLy. The reeuLto of thess

experlnents are shorm tn Table XIXI. Cyt1dyllo aolcl et a

conoentrat,lon of 4.0 ng,/nl ln sulture flutd lnoreased the

nean vlrus henagglut,lntn tlter o? 20 oulturos to 24?) Bos-

pared to a oortroL value gf, I17r a rlgnlfleant enhanoouont

of vlrua oonoentratlon ln euLturc flluld. g].lghtly lorer
vlnug ylelds u6re observed, trn t,lssue culture fluld Goo-

t,alnlng 3.2 w,6, 1.6 ng, O.8 ng1 0.4 mgl 0.2 ug and,0.I n6

of cytldyllo aclcl per nl. lh6 Louest conoentr:atlone gave

the Leaat Ettmulatlon. StatlEtloal anElyolo by the Stu-

dentte tftr test (8, Fp. 153-157) ualng the logr of the

heurgglutlnln valuea, revtale that besad on thE 2O pepll-

oate culturee ln eaoh expenlnental gfoupr the lnsrocse ln
the nean henagglutlnln tl,tene uas hlghly elgnlf,losnt f,or

the 4.0 n6/nl ooncentratlon anil sl6nlflcant even at the

0. J. ng,/nL IeveI.

Flsherf e Tebl,a of rttr, rrnrr (degreos of fneedom)
gtveo:

P (probabltlty) 0.05nttr 2.042

Ilre velue of ittrt oalauLated f,ron tho data 1s r

ConoentnatLon rt*
6.0?8
2.315

4.0 ng,/Bl
O.1 ng/nI.

fho value of fftn ln eaoh exBerlnental 6roup
exeeeds the val,ue of Etr glven ln Flshenr s
tabLe for the 0.05 probablX.lty Leve1.
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Ihe effeot of thls nlxed nuclootlrle ls obvlousLy a,

real ono, but lt la not hrrorn whother the overa}l yleld

of vlnus has been lnonoaeed,, or only the anount re1eaeed

lnto the aultuna f1uld. Nelther haa the naxlnun aotl.ve

concentratlon been deterolnod. Ihle obearvat,lon nsEds

further studyl but these prel:lulnary reaulto are tnc}uded

hene beoaugo the conpount[ lE a nusleotldle End thue related

ln stnrotune to puronyoln, but apparentl.y has Juat the

opposltc offeot on the vlnus oornoontnatlon ln the cu].t'urs

flu1d.



Table XIIL Relatlon of ooncent,rat,long of eytldylle
of Lee-R lnfluange vlrue henaggLut,lnln

ecld to the ooncantratlon
1n tlgeuo auLture flul.d

ETDp of
Ylttus per
aL ln

Vlrue heaaggl"utlnln tlters of tlssue oulture fluldla
cont,alnlng the follotrlng concentrattons of

tlesue
eu].tunee

4.? x Lo6

firLture
nunben

I
?
3
4
5
6
7I
9

10
11
L?
t5
I4
15
16
L7
LB
19n

Goo. Mea,n

evttdvlle

240 150
240 160
160 160
1.60 80
,& 48o
5?.o 480
,n 640
,n 150
}eo 15o
24O ,,2o
L6o 32o
,?a 2W
,2O LzO
1 60 32a
1 60 ?4a
tza 3?rA24A 2{O
160 r.60
240 160
n20 240nmw

120 80 r30
Lzo 524 3N160 160 160
80 atfi 80

,n 160 24o
32O r.60 24O
,N 160 2&
3n 320 240
2N 32O L50
,2o 160 8o
24O 12O 3ffi
160 ,2O 15O
160 160 80
16$ a{o 150
32A 15O 24O
e40 240 ,N
160 ,N 150
160 32A 160
160 160 24A
2& 160 ,NTdI -Tqg, T7B

80 120
r.60 160
L20 80
160 120
L60 2{o
?t+9 150
3W 150
2{O 150
160 240
160 120
16C 120
160 2N
160 160
160 r50
240 150
240 240
160 Bo
,2o 24o
160 160
160 160
L?7 156

80
40
40
80

r.60
160
r50
r.60
120
80

160
L60
120
160
lAO
L20
1.60
r.50
L20
160
11?

1. Hemagglutlnln tlters arg
tlone of tlssue culture
ned blood oelLs.
S{111,16ram per m1.

exlrressed Bs
flulde oaualng

the raclproca]'s of ths hI.ghasf dl.].u-
coupl"eta henagglutlnatlon of chleken

c}r
fiJ
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Drs0ussloN

Results obtalned ln tlseue culture exper'lment,e Indl-
cate that puronycln caused a etgnifloant lnhlbttlon of the

developuent, of lnfluenae vlrus at very lov ooncentretlons.

Fer vlrue lnhlbltors sre aotlvE 1n the nlcnogran range.

Ilre flndlnga euggest thtt the aonpound probebly lntErferes

ultJr sone phase of the lutraoelluLar developuent of the

vlrus. R.esuLtg of toxlalt,y tsetg shored thet the cou-

pou:d prevemt,ecl grorth of the chlak enbryo oolls at the

0.004 mg por nl ooncentratlon, but dldl not blook all
metaboLta actlvlty of the oell.s. AE lt ls knom to lnter-
fere rlth prot,eln eynthcsle ln souo antueL oell,a, thlE

nay rell, expLaln tte effeot, on thEge ahlok eubryo oellg.

At the 0.002 mg per mL concentratlon oel.L nultlpllcatlon

oouLd ocour, amd e detootabX,e dogrree of lnterfErenoe vlth
vlrua nultlpLleatlon uas stlLl noted, Ihus lt ssons Pos*

glbLo that lnh1bltlon sf rt.nus developnent nay well be clue

to the B&ne underlylng eff,ect of thts oonpound, lnterfer-
enoe rlth proteln e3mthesls.

Rosultg of the ln vltro test for vlruelelaL aatlrlty
of purouyoln lndllcated that the conpound cauasd no algnlf-

lcant lnaotlvatlon of vtrug lnfeotlvlty of heuagg,lutlnln

after 24 hours erposuno to an tnhlbltory oonoentratlon.

ltrls meano that the aotlvlty of pur:onyeln ras uot cllroetocl
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egalnst the vlrue pantloLe ttscLf. Ths resul"ts obtalneil

fron tects ulth thc hEnagglutlnatlou reactlon !g vltfo
shored the compound dld not, tntorfEre rrlth the a66lut1na-

tlon of chloken erythrocytee cauaa{ by ths vtrus nor dld

lt ceuoo euch agglutLnatlon. fite results of the adsor;l-

tlon experlnenta lndloated th&t purouyoln dld not lnter-
f,ere rltb the adgorptlon of, the nlrue by the tiseue, *t
least not r1thln a Ehont axposure porlod. fhus 8. dlreot

effeot on the vlrug or lts adeorptlon by host cellsr oP

upon the henaggluttnat,Lon roaotlfirr voro ellulnated as

poaalbLa meEhanlsns for the obeerved vtr:ua lnhiblt,lon.

fhe lnhlbtt,or1y aotlvlty of Xrurouyoln was not rsversed

ln tlssue cu}turea by adcnlne, adenoelne, edonyLlc aald,

guanlne, guanoalne, guanyllo aeld, cytoelne, oyt,ldy).Lo

aold oyttctlne, un*cltr , urt dlne, and urldyllo ao!.d undar

the test condltlon. tho revcrsal by punlnee and thetr

nueLeotldes of grorth lnhlbltlon due to the aetlon of

puronycln haa been deuonst,rated In oertaln other ayatens

(5, pp. L46-L59i 2t PP. ?TA-776; L5r PF. L222-L227i 14,

Fp. 177-191). fho negatlve reeults tn thls tlssue cul-

turo 
":.rus 

eyoten thus shed Ilttl,e Xlght on tho noohanlsn

of vlrus lnhlbltlon.
Resul,ts obtalned ln oonblned tlssue oulture crpor-

lmsnts revcaltd that oonblnatlone of purotsyoln and certaln

anlno acld analOgo reeulted, Ln a sl5n1fleant enhancenent,
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of vlrus lnhlbttlon, fhe oonblnatlon of, l,-canavantne plus

puronycln wss synerglstlc. fr.1bonueLaa,ss plus puronyoln,

benalnldlasoLe plus punomyoln and m-tyroslne plue p[ro-

uycln shorcd markod sornblned effects nhloh were essentlal-

ly addltlTe. In the oa,go of p-SluorophenyLaLanlner how-

6verr comblnatlon wlth puromyclr dld not regu}t tn Bn

addltlve degnee of tnhtbtrtlon. Ihe meohanlsxn by rhlch

eaoh of theee *mtno ast{ anaLo6uee prod,uosa vlrue lnhlbl-
tlon has been partl,y eLucldated. In eaeh eas6 the effect

hae besn ehoun to be blooked,, ln Bons ca,sas, eonpetltlvcly

by the anal.ogous anlno ac1&. Benrl,ntdesole ls thougbt to

lnterfere ln sone phase of nuoLelc aeld ueta,boLlsm and

r:lbonuclosso enzyuatloally attaeke oellular rlbonucl"elc

aatd. thus all. of thcrn may lnterfere cllreatly or tndl-

reotly rlth proteln eyntheelr. hrronycln ls alao lrnown

to lnterfere wlth protoln syntheale ln sono anlnaal calLe.

the punonycln lnhlbltlon of, lnfluenza vlnue development

may bo due to tJrls sans tnterferenoe. The oomblnad eff,ectE

f,ound vlth purooyaln and the othen lnhlblt,ors Br€ GoE-

patlbla rlth thls lrypotheola. It la thought that puro-

myoln lnterforsa rlth proteln aynthesla at the atage where

tranafor rlbonucLelc aold firnotlong to permlt attaohment

of ani.no aclds to rlbosonal rlbonueletc aold, Because of

ltg stnuoturaJ. elnllanlty to the amlno aold-bearlng end

of tr:ensfer rlbonuoLeta aeld lt ls propoeed thet lt na,y
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lnduoe fornatlon of an abnonmaL typs of tranefen rlbonu-

clelc acld-anlno aold. that cennot becone attaohed to the

rlbosomal rlbonucLelo aoldt or once attaohed the anlno

aold n&y not be neLeaeed, fron the regt of the noLeoule.

Another poeslblllty le that an abnormal a.ntno aald may be

lntroduoed. Lnto the polypeptlde chaln of the proteln wlth

the forraatlon of a protoln that ls non functlonal. Uhat*

ever the detalls of the nechanlsn nay be, the fornatton sf
vlr"rs pnoteln aouLd be blooked tn a elnllar oan!1er.

Two observatlons made ln the present etud,y are

cloeely related to the meohanian by whloh the vlrus Ls Ln*

hlblted. Flrgt la the flndlng that the amlno nusl.eosLde

of puromyoln le not lnhlbltory, but apparently oL16btLy

stlnu1atln6. Thle ehows aleanly that the anX.no aotd

aolety 1a eeaentlal for vlnuc lnh1b1tlon, and aeems to

aupport the hypotheels that punonyoln lnterferes wlth

foruatlon of vlme prototn by one of, the Eethoda mentloned

ebovg.

?he other obeervatlon ls the fect that lf puronyoln

te conblned wlth F-fl,uonophenyla1antna, another potont

lnhlbltor of lnfl.uenra vlnue, the noarrltlng lnhlbltlon
ls no mor6 then that of one of the aonpounda alone. Thl.s

suggeata thst, the ueohanlam of lnhlbltlon ln eEoh care

may be elnllar and that nhen a eertatn effeot hae boen

achleved Elth one agent, the ssoond aannot lncrease the
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effect further. $uch a pogalblllty a€6ns the nore Ilkely
ln vler of the faot tfiat the anlno acld ln puronyoln ls
F-oothoxyphenylaLanlne .

?he tntnaperltonoe,l lnJeotlon of 1.0 mg of punomyoln

tvloe dally for a per"trod of three claya falled to lnhlblt
the deyelopent of lnf,Luanaa, vtrtrs 1n aouse 1ung. fhe

fal,Luns of purotsyeln to tnhlblt vlrus developnent ln Eouse

lung was not too eunprl.elng. Moet oonpounds uhJ.ch haye

lnhlbltory acttvlty fon vl.nus development ln t,i,ague cul-

tures have fallod to ghor stmlls,r aotlvlty tn nlce or

othor laboratony anlnal"s.

The ncgulta obtatned ln tlscue oulture experlncnto

lndlosted that the e,mlno nuoleoslde of puronyoln oaused

a slgnlflsant enhanoement of, vtrus conoentretion ln ths

oultura flulds. $o attanpta wero made to detarnglne

rlrether thls ras a noel J.ncnease 1n vtrtrs ylelcl on an f,n-

creasa ln thc ralease of rlnre fron the t16su6. 9trntLan

obeenvatlong lrero uedo Ln tl"ssus au}tune exporlucnta

wlth oytldyllo aold. Ihl,s conpound elso oeuged a elgnif-
laant augnentatlon of vX.rus conoentnatlon ln eulture

fluld.
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I.

dt

't

4.

5.

SUMUART

PuronycLn, I sp6clflo tnhl.bltor of prot€ln Eynthosls,

haa bcen shorn to lnhl,blt the devulopnent of Lee ln-
fluenza rlnrs ln tlssue Bultur6B.

thc ntnlnlr.n oonocntratlon nooeBsery to o&urs oonpL€te

lnhlbltton of, lnf,IuenE& vl,rus &evolopnent ln tlsaue

culturaa r8s 8.O nlonograrnc por m1.. A ooneent,ratlon

of, 4.0 nlorogra$s p6r el oausod nerked, but not cots-

plete, lnhlbltton. A ooncontratlon of 2.0 mlorograms

per nl uae found to be euf,f,tolent, to cause elgnlfloent

vlrus tnhlbltton.
The ooupound, raa found to lnhlblt the formatlon of

lnfeotlous vlnrs tn tLssus oultures as rel.l as vlrus

henagglutlnln.

A oonoentratlon of 4.0 nlcrograne of puronyoln per nJ,

oauaed lnhlbltlon of sell gnowth, but dld not blook

a}L metabollo aotlvlty. llotrerer, tho ctegree of

saleetlvlty of the lnhlbltory effeot on lnfLusnus

vlrur Yss verJr all,ght.

At a eonoontratlon of 4.0 nlorogra"ne per nl, puronycln

had no vlruelda.l effeot upon Lee lnfluonz& vlrus ln
gl35g, thls oonoentratlon dlcl not lnfluenoe the end

polnt of t,he henagglutlnatlon reaotlon.

A conoentratlon of 4.0 nlcrograns of puronyoln pcr mI

hed no sffeat upon thE adsonptlon of vlrus by nenbrane

6.
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tlesue lg I1@.
T. fhe conblnatlon of eanavanlne pLus puronyoln tn tlg-

suo culture ehowed e. synerglstlc effect agatnat vlrug

nult!.pIloatlon. Conblnatlons of rtbonuclesee plus

puronyoln, bcnrlmld.azole pLus puronycln, and m-tyro-

elne plus punouyaln ln tlseuc oulture ahored addltlve

eff,eota, uhlle a mlxturo of Dl-p-3luorophenylalanlne

pLus puronycln thorod no oounblned effect. A posalble

lnterpretatlon of these findlnge 1g propoaed.

8. flro lnhlbltory actlvlty of, puronyoln for Lee lnflu-
Bnts& vlrue ln tlaeue oulturss rss not revereed by &ny

of a group of purlnee, pyrlmldlnes or thelr nuoleo-

sldeg or nuoleotldea.

9. A dooa of 1.0 m1l.118ra,n of puromyoln admlnlstered

tnlee clelly for three days falled to lnhlblt the

devel,opnent of tnfl.uenra vlnrs 1n nouse l,ung.

LO. Itre antno nucleosltle of puronyctn et a consentratlon

of 0.20 rng per nl. tn ttssuo culture 88,ve a algnlf-

loent enhanoenent of Ylrus yleld. Concent,ratlonc of

0.4O ng and 0.10 mg of, ttre aulno nucleoElde per nl

ln culture fluld elgnlfleantly lnoreaeed the ylrtrs

oonoontratlon.

11. fhe faot tlrat the amlno nuoLeosido dLd not lnhlblt

nultlpllcatLon of the vlrtrs proves that the anlno

acld molety of the nolecule ls eeeential fon thls

actlvlty.
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