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iYP= 
A nonstruotural polypeptide, ~22, of euoephalomyooar- 

B virus has been partially purified from extracts of vi- 
rus-infeoted cell& fdence is presented suggesting that this 
po 

f 
peptide, rather than some contaminanttv, poaaeeaea a pro- 

teo ytio aotivit 
3: 
. Purified pre ationa 

no other deteota le virus-epeci ic proteins, oleave a high- 5" 
of p22 containing 

molecular-weight vim+apecifio preourgor-polypeptide into 
oapaid polypeptidee E o( aud r, nonstructural polypeptide 
G ae well as sever ai lo&-molecular-weight produots. 

Introduction 

Structural and nontstruotural proteina of pioornavirusee 

are formed from a giaut preoureor-wpolyproteinn by a number 

of coneecutive cleavage6 (1). It hara recently been shown that 

an enoephalomyocarditie (EMC) virus-epeoifio nonstructural 

polypeptide with a 4 of 22,000, ~22, is involved in the 

proteolytic cleavages that lead to the appearauoe of at 

leaat Borne capeid polypeptidea ae well a8 nonoapeid polypep- 

tide G, Thirr conclusion was baaed largely on two types of 

experiments. Firstly, wheu RMC virue RRA was translated in a 

cell-free system, the oorreapondiq proteolytio aotivity 

could be detected simultaneously with the syutheeis of p22 

(2). Secondly, partially purified prepsrations of p22 were 

ahown to oonvert a precursor polypeptide, preA, into poly- 
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peptide Dl (au intermediate in the capaid polypeptidea for- 

mation), capsid protein IX, non-capeid polypeptide G, and 

some low-molecular-weight polypeptides (3,4). However, the 

exact role of ~22 in the formation of EMC virus capaid pro- 

teina remained unkuown. 

l%is study waa aimed at anaweriug two questions. 16 ~22 

itself a proteaee or does it function as a protease activa- 

tor? Is the cleavage of polypeptide Dl into capeid proteins 

E and y accomplished by ~22 or by another protein? Bvi- 

dence precrented here etrongly suggeeta affirmative anmers to 

both questions. 

Purifloation f ~22. Krebe-2 cell% infected with EMC 
t lmllti plkty of 10 to 100 PFU/oell were incubated 

%?I%-Labeled protein hydrolyeate from 3.5 to 4.5 hr of 
infection at 37@. S 
previouely (3 

ertraots were prepared aa deearibed 38.~ volume of 
Konidet (HP40 

a 8olution containing 10% 
and 5% deoxycholate wa8 added after swellin& 

the celle in a hypotonic buffer. !l!he concentration of KC1 in 
the S30 was inareaeed u to 0.5 Y and the extra& wae cent- 
rifuged in a Beckman SW % 5 rotor at 49,000 at 4O for 4 hr. 
!L!he detailed prooedure of purification of ~22 from the resul- 
ting supernatant (S250) will be described elsekhere. Briefly, 
it inoluded the following conrrecutive etepe: (i) chromato- 
graphy on a DEAE-cellulose column, (ii) gel fiTtration on a 
Sepharoae-6B column, (iii) chromato=phy on a phosphocellu- 
lose column, and (&v) chramatography on a hydroxyapatite 
column. Steps & through ii were carried out in the presence 
of 7 Por 8Murea and d the solution used contained 0.01% 
or 0.1% 9?riton X-100. The purified preparations of ~22 tiere 
concentrated with the help of 
30 mlyI tris-HCl, 

dialy8ed against 

St” 
3 

uacide, 
7.5r 50 mlf K 1, 

toethanol 
1 mM EmA, 14 mM mercap- 

0.01 !l!riton X-100 (buffer A), supplemented with 
glycerol tlO% final oonce&ration) and stored at -7OO. 

Electrouhoreeis was performed in SDS-containiq 12.5% 
lamid lab8 aa described (5). !l!he gels were stained 

%~a~~i:t~-250, de&tar;, andtfluorographed (6). 
t rmina ion of uro e Is ic ac vitv of ~22 was carried 

out tmiug two mbetratee, denatured b vin e mrum albumin 

w 
and polypeptide preoursor of Eg vim8 capeid proteins. 

t 51~sll~kin 
9 nally purified by 

donated by Dr. V.B. Sidorov and additio- 
DS-polyaorylamide gel el 

!Fhe purified protein (sp. act. about 7 x 10 
ved in 30 JIM tris-HCl, pB 7.5, 0.5% SDS, 1 myI dit 
was denatured by heating at 95O for 5 min. The assay of pro- 
teolytic activity was a modification of the procedure deecri- 
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bed (7). Two p of the preparation of p22 was preincubated 
for 7 hr at 30° with 2 ul of either a buffer conta%ning 30 mH 
tris-HCl, pH 7.5 140 mM El, 60% dimethylsulfoxide (DHSO) 

80 mM dithio&rei%ol 80 mllI KC1 20% DMSO was then added 
or 6 mM ZnCl l 3lpIf Cl prepared on the same buffer. One &L of 

and after 10 lain inoibation at jO", 2 pl of[l2511DSA (-3,700 
opm) were introduced. Incubation was carried out at 30° for 
24 hr under 25 1 of Day01 F. 

Assay of h t e ability of p22 preperations to cleave pre- 
oursors of EMC virus oapsid proteins was performed essential- 
ly as described (3) but samples of smaller volumes were incu- 
bated for longer time intervals under Day01 F (4). 

For the detection and identification of proteaaes a new 
technique was also worked out, which represented a reciprocal 
variant of a partial proteolysis method (2,8). A 7.5% poly- 
acrylamide gel strip polymerized in the presence of highly- 
labeled rotein substrate [125IlBSA [substrate strip, see 
pig. 2(c ] is was laid over a vertical 20% polyacrylemide slab 
(resolving gel). Another strip (sample strip) was excised from 
the 12.5% polyaorylemide slab after 1st dimension electropho- 
resis of a protein mixture, in our case, a partially purified 
preparation of ~22. After excision from the first slab, the 
sam le 
PH % 

strip was soaked in a buffer containing 50 IIIK tris-HCl, 
.8, 0.1% SDS, 1 mM ED!& When both the substrate and 

sample strips were in place over the resolving gel, not yet 
polymerized 7.5% polyacrylsmide was added to fill the space 
between the strips and the resolving gel. After polymerization, 
2nd~dimension electrophoresis was carried out. Protease 
present in the sample strip entered the substrate strip, atta- 
cked [1251l~sA , and radioactive peptides thus formsd migrated 
in the resolving gel in front of DSA. !i!hese peptides were de- 
tected by fluorography. 

EFSUGl!S AED DISCUSSIOE 

Purification of ~22. In our previous study (3) the puri- 

fication of p22 from the extracts of virus-infected cells was 

accomplished by consecutive chromatography on DE&E-cellulose 

and phosphocellulose. The resulting preparations were highly 

enriched in ~22, but, in addition, contained minor quantities 

of other virus-specific polypeptidea and unknown emounts of 

cellular proteins. lir an attempt to achieve a better purifica- 

tion, we included in the protocol two additfonal steps (see 

Methods). -thermore, urea and Triton X-100 were added to the 

solutions, since this modification appeared to improve the 

yield of ~22. 
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Fig. 1. Purification of ~22. All the preparations were run 
on the Bame gel and photo 

fluorogrem (F) end stained gel (S 
aphs of portions of the 

$ are presented. 1. IIon- 
fractionated extract of virus-infected cells; 2. S25 
3. Material unadeorbed on DUE-celluloee in 10 mlf tr 5) e-HCl, 
pH 8.45, 14 mM mercaptoethanol, 1 mM ED!U, 0.1% Triton X-100, 
7 Id urea. 4. Material enriched in p22 obtained upon gel filt- 
ration on Sepheroee 6B (20 mM HEPES-KOH, pH 6.7, 50 mM KCl, 
14 mH mercaptoethanol, I mly BD’PA, 0.1% Triton X-100, 8 H urea; 
buffer S), 5. Material eluted from phoaphocellulose in buffer 
S containing 170 IIM KCl. 6. Material eluted from hydroq- 
apatite in 10 IBM BEFBS-KOH, pH 6.7, 14OmM KCl, 3 I&¶ dithio- 
threitol, 0.01% !Criton X-100; preparation HI. 7. llaterial 
eluted from hydroxyapatite in 20 III&! trie-HCl, pH 7.5, 400 mM 
KCl, 3 mM dithiothreitol, 0.01% !Priton X-100, 8 Af urea; pre- 
paration H2. 

The results obtained at each step of the purification pro- 

oedure are presented on Fig. 1. Material which WBS not adsor- 

bed on DIWLoelluloee contained two maJor viral proteins, 

p22 and G, aa well ae many cellular polypeptidea. Gel filtra- 

tion on Sepharose 6B resulted in the loas of some host conta- 

minaute, and chromatography on phosphocellulose lead to the 

preparation which was highly enriched with p22 but contained 

some G aud cellular material. Upon chromatography on hydroxy- 
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apatite, ~22 was distributed e~oq two fractions, El and K2. 

Fraotion El eluted at 0.14 P KC1 waa found to be devoid of 

an~r detestable virus-epeciflo proteina except ~22, whereas 

fraotlon IQ, whloh was eluted in the preaenoe of 8 Y urea 

and 400 mH KCl, contained, in addition to ~22, Borne G. Both 

fraction8 were still con'taminated with cellular proteins, 

although a signifiaant overall purification seemed to be 

achieved, 

Proteolvtic activity of ~22. Proteolytia activity of the 

prepara$ion Ii1 was teeted using ['2511BSA aa mabetrate. It 1s 

seen on Fig. 2(a) that El did contain suoh au activity and 

thatZn++ iona, Imown to inhibit the activity of picornavirua- 

epeoific proteaee (91, depressed markedly proteolyeie of B2.A 

mediated by El. Since El contained, in addition to ~22, some 

cellular proteins, one might argue that it was these cellular 

oontaadnauta, rather than ~22, that were responsible for the 

cleavage of BSA. !l!herefore , au attempt was made to directly 

e&in&e l$. of the proteaee. 

Another preparation of partially purified ~22, H2, was 

subjected to eleotrophoresie , and the proteolytic activity 

of itrr protein constituents was investigated by a specially 

devised teohnique deaoribed under Methods, A% ahown in Fig, 

2(b),virus=epecific polypeptidea p22 and G prerrent in E2, 

were situated in the reeolving gel, after the 2nd~dimenalon 

electrophoreeie, on a diagonale, ae could be expected taking 

into account their 5'6. However, the vertical laue ooree- 

pending to p22 additionally contained radioactive material 

migrating both ahead aud behind of p22 (arrows). These addi- 

tional spots evidently represented products of proteolysie 

of SA, which could be formed only by au enzyme having a 4 
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Fig. 2. Proteolytio activity of ~22. A. Effect of a pre 
tion of p22 (preparation El; see pig. 1) on 112 IIBSA. Y- 

E eotrophmetio pattern of reaotion products. 1. Untreated 
l? a 513BSA. 2.1125Il~~A imubated in the absence of Hl. 
3. Ll251l~SA incubated with El. 4. I12511 BSA incubated with 
Hl pretreated with ZnC12. For details 888 Methods. Positions 
of the mzrker proteinz run on the zame gel arejndioated. 
B, Estimation of U, of the proteaze present in a preparation 
of p22 ( epzration H2). A maple of H2 waz subjected to 
electrop oreeis in a SDS-polyacrylamide slab, a strip (eemple r 
strip) was excised and the ability of proteaee contained in 
it to attaok [125IIBs~ polymerized in the sub&rate strip wae 
analyzed az deeoribed under Method& Hea 

P 
radioactivity In 

the region of the eub'etrate strip after 8 ectro phoreeie is 
explained by covalent binding of a portion of [2511BsA to 
polyacrylamide(l0). C. Schematio representation of panel R 

identical to that of ~22. Thus, these data etrongly suggest 

that the protease activity residues in p22 itaelf, rather 

than in contaminating cellular material. 

The alternative explanation that the proteolysis is me- 

diated by a ho& protein with a s of 22,000 Beeme to be 

h.i&ly unlikely, although cannot be excluded completely. 

p22-Mediated OaDaid Drotein formation, It ha8 been shown 

previously that partially purified preparationa of p22 bring 
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about the formation of polypeptides Dl, d, G and some low- 

-moleoular-weight products from the precursor of EMG virus 

capsid proteina (3,4). On the other hand, the cleavage of Dl 

into & and r hae not aa yet been registered, leaving the 

possibility that it may require other proteins. However, 

when the preparation Hl, which contained no detectable virus- 

-specific polypeptidea except ~22, wae incubated under 

appropriate conditions with a mixture of high-molecular- 

weight EAE virus-epecific polypeptide preouraora,the forma- 

tion of e and Y, in addition to other cleavage products 

(Dl, O(, G, ~14, ~12) could clearly be demonstrated (Fig. 3). 

!Phie result euggeste that all the corresponding cleavages 

are accomplished eolely by ~22, although participation of 

Borne other proteina (present in the preparations of the 

substrate) in certain steps of the proceeeing of the capeid 

protein precursor cannot as yet rigorously be ruled out. 

Conoludinn remarks. The results presented in this pa- 

per strongly suggeet that polypeptide p22 ie responsible 

for the cleavage of the precursor of capsid proteins of EkIC 

virus. The nature of proteaae(s) which cleaves polypeptidea 

encoded in the 3g-terminal portion of the viral genome re- 

mainis, however, unknown. In particular, it ia important to 

elucidate how p22 itself is formed from its preour%or. Two 

poseibilities mey be considered. (i) p22 in cleaved off from 

its precursor by another, poeeibly oellular, protease. (ii) 

The polypeptide eequence corresponding to ~22, while being 

a part of the preoureor moleoule,poaaessea a proteolytic 

activity, permitting autocatalytio proceaeing. Further expe- 

rimente are required to solve this problem. 
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Fig. 3. Cleavage of precursor(s) of EMC virus oapsid polypep- 
tides by a preparation of ~22. Elect o horetio pat- 

terns. 1. Ifon-fractionated extrac 
virus-infected Kreba-2 cells. 33 

d of [14C -!?abeled EHC 7 
2.1. SJ-labeled polypeptides 

synthesized upon a short incubation in a cell-free system 
programed with EMC virus RNA (substrate); the translation 
was terminated by addition of cyoloheximide (3). 3. Cm pl 
of the substrate was incubated with 1 ~1 of buffer A for 
24 hr at 30°. 4. One pl. of the substrate was incubated with 
1 pl of HI for 24 h at 30°. 

It was reported recently (11) that the proteolytic ac- 

tivity specified by another picornaviru~, poliovirus, copu- 

rified with a protein having a $, of 40,000; the authors 

suggested that it was polypeptide lEVPX. If this aaaignment 

ie correct, either the protease activity of two picornaviru- 

8ea rerrides in entirely different proteins, or two different 

proteases are enooded in the picornavirus genonte. However, 

another possibility should be kept in mind. Upon translation 

in vitro of EMC virulj RXA, a polypeptide with a h# of about 

?9,000, ~39, is formed (121, and this polypeptide contains 
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amino acid sequence of p22 (Kamohkov, Svitkin, and Agol, 

to be published). Polypeptidels seemingly homologous to p39 

and p22 are alao found in poliovimaa-Infected cells (6a and 

7c, respectively) (13). Thus, the 40,000-dalton poliovirus 

proteasle pls3r correspond to polypeptide 6a, rather than to 

HCVPX, and consequently the pro-teases of two picornaviruse~ 

may be related to each other. 
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