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Abstract:
Potato virus X protein in the native and depolymerized states were serologically compared prior and
subsequent to partial enzymatic hydrolysis. SDS gel electrophoresis and Sephadex chromatography
were used to detect changes in molecular weight of the protein. Reciprocal cross-absorption and
Ouchterlony double diffusion tests were conducted to detect changes in antigenic specificity of the
protein. It was concluded that the PVX protein molecules prior and subsequent to hydrolysis are
serologically identical, although a 15% difference in molecular weight exists. The region(s) of the
polypeptide chain lost must constitute an immunosilent portion(s) of the molecule. Degraded viral
protein is more susceptible to hydrolysis by trypsin and chymotrypsin than is native protein. 
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ABSTRACT

Potato v i r u s  X p ro te in  in  the n a t iv e  and depolymerized s ta tes  
were s e r o lo g ic a l ly  compared p r io r  and subsequent to  p a r t ia l  enzymatic 
h y d ro ly s is .  SDS gel e le c t ro p h o re s is  and Sephadex chromatography were 
used to  d e te c t  changes in  m o lecu la r  w e igh t o f  the p ro te in .  Recipro­
cal c ro s s -a b s o rp t io n  and O uchterlony double d i f f u s io n  te s ts  were 
conducted to  d e te c t  changes in  a n t ig e n ic  s p e c i f i c i t y  o f  the p ro te in .  
I t  was concluded th a t  the PVX p ro te in  molecules p r io r  and subsequent 
to  h y d ro ly s is  are s e r o lo g ic a l ly  i d e n t i c a l ,  a lthough a 15% d i f fe re n c e  
in  m o lecu la r  w e igh t e x is ts .  The r e g io n (s) o f  the po lypep tide  chain 
l o s t  must c o n s t i t u te  an immunosilent p o r t io n (s )  o f  the molecu le. 
Degraded v i r a l  p ro te in  is  more s u s c e p t ib le  to  h y d ro ly s is  by t r y p s in  
and chymot r y p s in  than is  n a t iv e  p ro te in .



INTRODUCTION

The importance o f  m a in ta in in g  n a t iv e  v i ru s  p a r t i c le s  fo l lo w in g  

p u r i f i c a t i o n  is  o b v i o u s , f o r  to  s tudy these in fe c t io u s .a g e n ts ,  they 

must be c h e m ica lly  and s t r u c t u r a l l y  complete, as w e ll &s b i o lo g i ­

c a l l y  f u n c t io n a l . Otherwise expe rim en ta t ion  may r e s u l t  in  e r r a t i c  

r e s u l t s .  For example, e r ro rs  in  i d e n t i f i c a t i o n ,  com pos it ion , 

b io lo g ic a l  fu n c t io n  and r e la t io n s h ip s  w i th  o th e r  v iru se s  may r e s u l t  

i f  a p o r t io n  o f  the s t r u c tu r a l  molecule is  changed o r  l o s t  upon 

p u r i f i c a t i o n .  I t  has been demonstrated w i th  some p la n t  v iruses  

t h a t  p u r i f i c a t i o n  may r e s u l t  in  the p roduc tion  o f  incomplete v i r io n s .  

Koenig e t  al (12) r e c e n t ly  reported  th a t  the m o lecu lar w e igh t o f  the 

po ta to  v i r u s  X (PVX) p ro te in  subu n it  may be a f fe c te d  by the method 

in  which the v i ru s  is  p u r i f ie d  from tobacco. When in fe c t i v e  homo­

genates are incubated o v e rn ig h t  a t  room tem pera ture , the authors 

suggested the presence o f  p r o t e o ly t i c  enzymes in  tobacco sap which 

are capable o f  conve rt in g  the normal p ro te in  subun it  w i th  a m olecu lar 

we igh t o f  29,800 to  one w i th  a m o lecu la r  we igh t o f  24,000. Studies 

w i th  tobacco mosaic v i r u s  (TMV) by Rees and Short (20) have shown 

t h a t  p u r i f i c a t i o n  o f  t h is  v i ru s  from beans re s u l ts  in  p a r t ic le s  

which are s e r o lo g ic a l ly  d i s t i n c t  from those p u r i f ie d  from tobacco, 

presumably due to  the a c t io n  o f  carboxypeptidases on v i r u s  p a r t i c le s .

Other s tud ie s  w i th  v iru se s  have shown th a t  a r t i f i c i a l  enzymatic 

d ig e s t io n  may markedly a f f e c t  c e r ta in  v i r a l  p ro p e r t ie s .  Koenig e t  al
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(12) demonstrated th a t  t r y p s in  trea tm en t o f  p u r i f ie d  PVX d u p lica te s  

the su b u n it  m o lecu la r  we igh t loss  th a t  occurs upon in cu b a t io n  o f  

in f e c t i v e  homogenates. In  a d d i t io n ,  the e le c t ro p h o re t ic  m o b i l i t y  

o f  the t r y p s in  t re a te d  PVX was d i s t i n c t  from th a t  o f  the  un trea ted  

PVX. However, d e ta i le d  s e ro lo g ic a l  s tu d ie s  were not conducted. 

Bawden and P i r i e  ( I )  have shown . th a t  pepsin d ig e s t io n  o f  PVX re s u l ts  

in  a lo ss  o f  i n f e c t i v i t y  and s e ro lo g ic a l  a c t i v i t y .  S tud ies  w ith  

TMV have been most e n l ig h te n in g  f o r  c o r r e la t in g  p ro te in  a l t e r a t io n  

in  p a r t i c le s  and changes in  a n t ig e n ic  s p e c i f i c i t y .  H a r r is  and 

Kn igh t (7) have shown th a t  t rea tm en t o f  TMV w i th  carboxypeptidase 

r e s u l t s  in  the removal o f  the th re e  C -te rm ina l amino a c id s .

R esu ltan t TMV p a r t ic le s  are s e r o lo g ic a l ly  d i s t i n c t  from undigested 

v i r io n s .  S u rp r is in g ly ,  the removal o f  twe lve a d d i t io n a l  amino 

ac ids  from the C -te rm ina l end o f  the subun its  had, no f u r t h e r  e f f e c t . 

on a n t ig e n ic  s p e c i f i c i t y  (10 ).  Sengbusch and Wittmann (23) have 

a lso  demonstrated the s u s c e p t i b i l i t y  o f  TMV to  s e ro lo g ic a l  change 

fo l lo w in g  a d i f f e r e n t  form o f  a l t e r a t io n  in  pr im ary  s t r u c tu r e .  A 

s in g le  amino ac id  s u b s t i t u t io n  in  the TMV po lypep tide  chain may 

r e s u l t  in  a molecule s e r o lo g ic a l ly  d i s t i n c t  from w i ld  type p ro te in ,  

prov ided th a t  the s u b s t i t u t io n  occurs a t  the proper lo c a t io n .

N ib le t t  and Semancik (15) demonstrated th a t  the e le c t r o ­

p h o re t ic  components o f  cowpea mosaic v i r u s  and o f  bean pod m o tt le
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v iru s  would m ig ra te  a t  a d i f f e r e n t  ra te  fo l lo w in g  d ig e s t io n  by c e r ­

t a in  enzymes.

Chidlow and Tremaine (3) repo r ted  the a c t io n  o f  va r ious  enzymes 

on cowpea c h lo r o t i c  m o t t le  v i ru s  and concluded th a t  t r y p s in  d ig e s t io n  

caused disassembly o f  the v i r u s  and a subu n it  m o lecu la r we igh t loss  

o f  20%. Reassembled t r y p s in  d iges ted  v i ru s  was s e r o lo g ic a l ly  com­

pared to  i n t a c t  v i r u s  and found to  be n o n - id e n t ic a l .  By c o n t ra s t ,  

carboxypeptidase and chymotrypsin removed 0.5% and 10% o f  the 

p ro te in  r e s p e c t iv e ly ,  caused no d is s o c ia t io n  o f  the v i r u s ,  and the 

s e ro lo g ic a l  p ro p e r t ie s  o f  the v i ru s  were una ffec ted .

Pettersson (18) s tud ied  enzymatic d ig e s t io n  o f  adenovirus 

hexons and the e f f e c t  t h is  d ig e s t io n  had on a n t ig e n ic  s p e c i f i c i t y  

o f  the hexons. He found th a t  t r y p s in  d iges ted  5-10% o f  the hexon 

bu t no change in  s e ro lo g ic a l  p ro p e r t ie s  accompanied the lo s s .

However, when s u b t i l i s in ,  papain o r  chymotrypsin were used, a 

g re a t  deal o f  the hexon was d ig e s te d ,  le a v in g  on ly  the hexon "c o re " ,  

which was s e r o lo g ic a l ly  d i s t i n c t  from in t a c t  hexons.

SDS po lyacry lam ide  gel e le c t ro p h o re s is  has become a r e l i a b le  

techn ique f o r  thd s tudy o f  p ro te in  m o lecu les , e s p e c ia l ly  as a too l 

f o r  d e te rm ina t io n  o f  m o lecu la r  w e igh ts .  O r ig in a t io n  o f  acry lam ide 

gel e le c t ro p h o re s is  by O rnste in  and Davis (4 , 16) was fo l lo w e d  by 

the  use o f  SDS in  the  system by Shapiro e t  a I (25). Weber arid
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Osborn (32) confirm ed accurate  m o lecu la r-w e igh t  d e te rm ina t io n  using 

SDS gel e le c t ro p h o re s is .  The a c t io n  o f  SDS as a dena tu ran t o f  p ro ­

te in s  was exp la ined by Reynolds and Tanford (21) and P i t t - R iv e rs  

and Ambesi Impiombato (1 9 ) ,  who reported  th a t  as SDS denatures a, 

p r o te in ,  i t  a t taches  to  the  p ro te in  and the r e s u l ta n t  amalgams 

vary  d i r e c t l y  in  t h e i r  m o lecu la r  rad iu s  w i th  m o lecu la r  w e igh t.  

Consequently, an accura te  r e la t io n s h ip  between Stoke 1S rad ius  and 

m o lecu la r  we igh t -e x is ts  which can be used f o r  m o lecu lar we igh t 

de te rm ina t io n  v ia  SDS po lyacry lam ide  gel e le c t ro p h o re s is .  Several 

papers have confirmed the accuracy o f  m o lecu lar w e igh t de te rm ina t ion  

using SDS gel e le c t ro p h o re s is  (13, 24, 34). Dunker and Rueckert (5) 

in troduced  s p l i t  gel e le c t ro p h o re s is  which allowed the t e s t  molecule 

to  be e lec trophoresed  in  the same gel as a known m o lecu le , f u r t h e r  

in c re a s in g  the r e l i a b i l i t y  o f  m o lecu la r  we igh t de te rm ina t io n  w ith  

SDS gel e le c t ro p h o re s is .

L ikew ise , SDS column chromatography has been used f o r  the 

study o f  p ro te in s  (9 ) .  Fish e t  aI (6) have e lu c id a te d  the a c t io n  

o f  SDS as a dena tu ran t o f  p ro te in s  and t h e i r  use in  gel chroma­

tog raphy , and found th a t  a s t a t i c  r e la t io n s h ip  e x is ts  between 

S to k e 's rad iu s  ,and m o lecu la r w e igh t.  Page1 and Godin (17) and 

Sha lla  and Shepard (24) have a c c u ra te ly  determined m o lecu la r  ,weights 

o f  p ro te in  molecules using Sephadex G-200.
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I t  is  the purpose o f  t h is  paper to  demonstrate the enzymatic 

d ig e s t io n  o f  PVX and o f  i t s  degraded p ro te in  by both n a tu ra l and 

a r t i f i c i a l  methods and to  re p o r t  a s e ro lo g ic a l  comparison o f  the 

two r e s u l ta n t  forms o f  PVX and o f  PVX degraded p ro te in .  In h is  - 

rev iew  on some m o lecu la r aspects o f  a n t ig e n i c i t y ,  Sela (22) po in ts  

to  the r o le  o f  conform ation  in  a n t ig e n ic  s p e c i f i c i t y .  He c i te s  

several cases -in which n a t iv e  and denatured p ro te in s  are not c ross ­

r e a c t iv e  w i th  each o th e rs '  an t ibody  popu la t ions  due to  the ro le  o f  

secondary and t e r t i a r y  s t ru c tu re  in  de te rm in ing  immunopotency. Such 

a case in  p o in t  i s  PVX. S tud ies by -Shepard and S ha lla  (24, 28) 

have shown t h a t  as PVX is  depolym erized, the re leased p ro te in  sub­

u n i ts  undergo u n fo ld in g  and e n te r  in to  a new con fo rm ationa l s ta te .  

This change in  conform ation  o f  the p ro te in  is  accompanied by a 

change in  the a n t ig e n ic  s p e c i f i c i t y  o f  the p ro te in  so d r a s t ic  th a t  

PVX and the. degraded p ro te in  are o n ly  s l i g h t l y  re la te d  as an t igens . 

I t  i s  th e re fo re  necessary to  compare the PVX forms s e p a ra te ly  from 

the PVX degraded p ro te in  forms s ince  the two are a n t i gen ic a l Iy  

d i s t i n c t .

Because PVX is  a good model v i r u s  f o r  s tudy , s ince  na tu ra l 

enzymatic d ig e s t io n  does occu r ,  i t  was o f  in te r e s t  to  s tudy the 

e f f e c t  on the immunological p ro p e r t ie s  o f  the v i r a l  p ro te in  th a t  

p a r t ia l  p o lyp e p t id e  cha in  loss  would have. SDS s p l i t  gel p o ly ­
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acry lam ide e le c t ro p h o re s is  and SDS Sephadex G-200 column chroma­

tography were used as an assay system f o r  p r im ary  s t r u c tu r a l  changes.

O uchterlony double d i f f u s io n  and re c ip ro c a l  c ro ss -a b so rp t io n  

s tud ie s  were used f o r , d e te c t io n  o f  changes in  a n t ig e n ic  s p e c i f i c i t y .



MATERIALS AND METHODS

V irus  p u r i f i c a t i o n . The i s o la t e  o f  po ta to  v i r u s  X (PVX) 

was the same as th a t  used in  prev ious s tu d ie s  in  t h is  la b o ra to ry  

(29 ).  N ico t ian a  tabacum L. v a r .  'W hite  B u r le y ' was the system ic 

inc rease  hos t.  P u r i f i c a t io n  o f  the v i r u s  fo l low e d  the procedures 

o f  Koenig and Bercks (11) and W etter (32 ).  In  g e n e ra l , t h is  

in c luded  homogenization o f  f re s h  s y s te m ic a l ly  in fe c te d  t is s u e  in  

0.05 M sodium c i t r a t e  b u f fe r  pH 6.0  c o n ta in in g  0.2% sodium s u l f i t e  

and 0.2% a sco rb ic  a c id ,  ch lo ro fo rm  e m u ls i f i c a t io n ,  and severa l 

cyc les  o f  d i f f e r e n t i a l  u l t r a c e n t r i f u g a t io n .

Three a l t e r n a t i v e  schemes were used in  the bas ic  p u r i f i c a t i o n  

procedure. Imm ediate ly p u r i f i e d  PVX (PVX-IP) was prepared by 

e m u ls i fy in g  in f e c t i v e  homogenates from f r e s h ly  harvested leaves 

w i th  ch lo ro fo rm  w i th in  th re e  m inutes a f t e r  homogenization (12). 

A l t e r n a t i v e l y ,  PVX was p u r i f i e d  by f i l t e r i n g  in f e c t i v e  homogenates 

through cheesec lo th  and a l lo w in g  t h i s  crude ju ic e  to  incuba te  

o v e rn ig h t  a t  roorii temperature be fore  f u r t h e r  p u r i f i c a t i o n .  These 

p rep a ra t io n s  were des ignated as PVX-ON (12 ) .  A t h i r d  method o f  

p repa r ing  PVX was a lso  used. Thesd p re p a ra t io n s ,  (PVX-M), cons is ted  ' 

o f  crude homogenates which had been a llowed to  remain a t  room 

temperature o r  a t  4 °C from f i f t e e n  m inutes to  several hours before 

ch lo ro fo rm  c l a r i f i c a t i o n  and f u r t h e r  p u r i f i c a t i o n ,  as descr ibed .

P u r i t y  o f  the v i r a l  p repa ra t io ns  was asce r ta ined  by ( i )
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c l a r i t y  o f  the f i n a l  high speed p e l l e t  ( i i ) r e a c t i v i t y  o f  v i r a l  

p repa ra t io ns  in  ra d ia l  im m unodiffus ion p la te s  co n ta in in g  antiserum  

prepared a g a in s t  h e a lth y  host m a te r ia l  (28) ( i i i )  homogeneity o f  

deg radation  products in  sodium dodecyl s u l fa te  (SDS) po lyacry lam ide  

gel e le c t ro p h o re s is  systems, and ( i i i i )  r e a c t i v i t y  o f  h e a lth y  h o s t - 

m a te r ia l  w i th  an tiserum  provoked by the v i r a l  p re p a ra t io n s .

Concentra tions o f  v i r a l  and degraded v i r a l  p ro te in  p repa ra t ions  

were .determined spec tropho tom e tr ic a l l y as per Shepard and Secor (29).

P repa ra tion  o f  degraded PVX p r o t e in . — Degraded PVX p ro te in  

was ob ta ined  by depo lym er iza t ion  o f  the subun its  w i th  e i th e r  

p y r id in e  o r  SDS. P y r id in e  was added t o  v i r a l  p repa ra t ions  a t  a 

f i n a l  c o n ce n tra t io n  o f  30% and then removed by d ia ly s i s  o v e rn ig h t  

a g a in s t  a la rg e  volume o f  0.005 M sodium c i t r a t e  pH 8 .0 .  For SDS 

deg rada t ion , SDS and 2-mercaptQethandl we^e each added to  the v iru s  

s o lu t io n  a t  a f i n a l  c o n ce n tra t io n  o f  1%, incubated a t  37°C f o r  two 

hours. The r e s u l ta n t  v i r a l  p ro te in  was used f o r  e i t h e r  s e ro lo g ic a l 

s tud ie s  o r  f o r  a p p l ic a t io n  on e le c t r o p h o re t ic  ge ls .

Acrylamide gel e le c t ro p h o re s is . - -  SDS s p l i t  gel po lyac ry lam ide , 

e le c t ro p h o re s is  was used f o r  de te rm ina t io n  o f  m o lecu lar w e igh t and 

as an assay o f  homogeneity (5 ) .  PVX p ro te in  was prepared f o r  

e le c t ro p h o re s is  by SDS in cuba t io n  o f  v i ru s  (24) and e lec trophoresed 

on SDS s p l i t  ge ls  having a f i n a l  con ce n tra t io n  o f  10% acry lam ide
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plus 1% SDS (24)'. Gels were s ta ined  w ith  0.025% -Coomassie b r i l l i a n t  

b lue (Colab Chicago H e ig h ts , 111.) and desta ined w i th  7.5% a c e t ic  

ac id  p lus 5.0% methanol (2 ) ,  o r  s p e c i f i c a l l y  s ta ined  w i th  an t ibody  

(24 ).  M o lecu la r we igh ts  o f  degraded v i r a l  p ro te in  were estim ated by 

comparing t h e i r  m o b i l i t i e s  to  the m o b i l i t i e s  o f  known p ro te in s  

prepared in  the same manner. The fo l lo w in g  standard p ro te in s  were 

used: bovine serum albumin (BSA MW=67,000), ovalbumin (oval MW= 

4 5 ,000 ),  chym otryps inogen (chymo MW=25,000), tobacco mosaic v i ru s  

U -I  s t r a in  monomers (TMV monomer MW=17,300) and r ibonuc lease  

( RNAse MW=13,700). TMV (from Dr. T. A. Shall a. U n iv e rs i t y  o f  

C a l i f o r n ia ,  Davis) monomers were prepared by in cuba t io n  o f  TMV a t  

37°C f o r  two hours in  1% SDS p lus 1% m ercap toe thano l.

P repa ra t ive  SDS gel e le c t ro p h o re s is  was a lso conducted in  a 

s im i la r  manner, but in  la rg e r  g lass tubes (12cm X 20mm). Three to 

f i v e  mg o f  p ro te in  in  4 0 0 ju l o f  b u f fe r  were e lec trophoresed  per tube 

a t  40-50 m i l liamps f o r  12-16 hours. The PVX degraded p ro te in  bands 

were lo ca te d  w i th  a n t ib o d y ,  accord ing to  the method descr ibed by 

Sha lla  and Shepard (24)..

Sephadex chromatography. - -  Sephadex G-200 e q u i l ib r a te d  w ith  

0.05 M T r is -H C l pH 7.2  co n ta in in g  1% SDS was used f o r  c o n f irm a t io n  

o f  m o lecu la r w e igh t de te rm ina t ions  o f  degraded v i r a l  p ro te in .  

M o lecu la r we igh ts were estim ated by comparing the m o b i l i t i e s  o f
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known p ro te in s ,  s im i la r  to  the method o f  Sha lla  and Shepard (24).

The p ro te in  s tandards ; BSA, o v a l , chymo and cytochrome C (cy to  C 

MW=13,700), were prepared by in cuba t io n  o f  1% SDS plus 1% mercaptoe- 

thanol f o r  two hours a t  37°C. The f r a c t io n s ,  u s u a l ly  2 .2  m l,  were 

c o l le c te d  w i th  an au tom atic  f r a c t io n  c o l le c t o r  and monitored a t  

280nm w i th  a Beckman DB spectrophotom eter.

Antiserum p ro d u c t io n . - -  A n t ise ra  to  whole PVX and to  PVX-M 

degraded p ro te in  a n t is e ra  were prepared by e m u ls i fy in g  2 mg o f  

a p p ro p r ia te  an tigen  w i th  an equal volume o f  Freund's incomplete 

ad juvan t and in je c t in g  a r a b b i t  in t ra m u s c u la r ly  every seven days 

over a four-week pe r io d .

A n t is e ra  a g a in s t  PVX-IP and PVX-ON degraded p ro te in  were 

provoked by in je c t in g  degraded PVX p ro te in  p u r i f ie d  by. the p re ­

p a ra t iv e  SDS gel system. Four weekly in je c t io n s  o f  2-3 mg o f  

degraded v i r a l  p ro te in  were adm in is te red  over a one month pe r iod .

B leedings were conducted 2-6 weeks fo l lo w in g  the i n i t i a l  i n je c ­

t io n  by c u t t in g  the marginal ear ve in  o f  the r a b b i t  and c o l le c t in g  

40-50 ml o f  b lood. The antiserum  was a llowed to  separate from the 

c lo t t e d  red c e l ls . ,  c o l le c te d ,  c e n t r i fu g e d  a t  10,000 £  f o r  10 minutes 

and s to red  frozen  a t  O0C.

S e ro logy . - -  A n t is e ra  were t i t e r e d  by e i th e r  tube p r e c ip i t in  

o r  double d i f f u s io n  methods. The tube p r e c ip i t i n  procedure was
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used to  eva lua te  whole v i ru s  a n t is e ra  a c t i v i t y .  Antiserum was 

s e r i a l l y  d i lu te d  w i th  0.05 M T r is -H C l pH 7.0  c o n ta in in g  0.85% 

s a l in e .  An equal volume o f  v i ru s  a t  0.2 mg/ml was added and the 

m ix tu re  was incubated o v e rn ig h t  a t  4°C. Double d i f f u s io n  te s ts  were 

c a r r ie d  o u t  in  0.9% ionagar d isso lve d  in  0.05 M T r is -H C l pH 7.0 

co n ta in in g  0.85% s a l in e .  For antiserum  t i t e r  d e te rm ina t io n  to  

degraded p r o te in ,  two f o ld  d i lu t io n s  o f  serum were made, placed in  

the c e n t ra l antiserum  w e ll and degraded p ro te in  a t  0 .1 -0 .2  mg/ml 

placed in  the pe r ip h e ra l an t igen  w e l ls .  Reactions were allowed to 

develop o v e rn ig h t  a t  room temperature be fore  -e v a lu a t io n .  For 

e s ta b l is h in g  s e ro lo g ic a l  r e la t io n s h ip s ,  degraded p ro te in  concen­

t r a t io n s  ranged from 0 ,1 -0 .2  mg/ml.

Enzymatic d ig e s t io n . — T ryps ih  (3X c r y s ta l l i z e d  W orth ington 

Freeho ld , N .J . )  and chymot r y p s in  (3X c r y s ta l l i z e d  Sigma S t.  Lou is ,  

Mo.) were used f o r  d ig e s t io n  experiments. Unless o the rw ise  s p e c i f ie d  

d ig e s t io n  w i th  t r y p s in  and chym otrypsin was c a r r ie d  o u t  a r a t i o  o f  ,

I . Aig enzyme per I  mg o f  s u b s tra te  o v e rn ig h t  a t  room temperature in  

0.05 M N a -c i t r a te  b u f fe r  pH 8 .0 .  Fo llow ing in cuba t io n  o f  e i th e r  

whole v i r u s  o r  degraded p ro te in  w i th  chym otryps in , the enzyme was 

in h ib i t e d  w i th  L - l - t o s y la m ide -2 -pheny le th y l ch loromethyl ketone 

HCl (TPCK Sigma S t.  L o u is ,  Mo.) using a m od if ied  procedure o f  Shaw 

e t  al (27 ) .  TPCK was d isso lve d  in  abso lu te  methanol and added to
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the v irus-enzyme m ix tu re  a t  a r a t i o  o f  th ree  pa r ts  TPCK to  one p a r t  

enzyme and incubated f o r  two hours a t  room tempera ture. Aqueous 

N -^ -P - to s y l - L - I y s in e  ch loromethyl ketone (TICK Sigma-St. L o u is , Mo.) 

was used to  i n h i b i t  t r y p s in  a f t e r  in cu b a t io n  and was a lso  used a t  a 

r a t i o  o f  th re e  to  one (27, 28).

The time requ ire d  f o r  complete in h ib i t i o n  o f  t r y p s in  w i th  TLCK 

and chymot r y p s in  w i th  TPCK was determ ined. Hide powder azure 

(C a lbiochem Los Angeles, C a l i f . ) ,  an in s o lu b le  chromogenic s u b t ra te ,  

was used to  assay the e f fe c t iv e n e s s  o f  i n h ib i t i o n  o f  enzymatic 

a c t i v i t y .  F ive mg o f  hide powder azure were mixed w i th  2 ml o f  

0.005 M Na- c i t r a t e  b u f fe r  pH 8 .0  in  severa l tubes. One hundred 

Ug o f  t r y p s in  p lus 300 jjg  o f  TLCK were mixed and 100 jjg o f  chymo- 

t r y p s in  p lus  SOOug o f  TPCK were mixed, and these m ix tu res  were 

added to  the tubes c o n ta in in g  the hide powder azure a t  h ou r ly  

in t e r v a ls .  S o lu b i l i z a t io n  o f  dye due to  enzymatic d ig e s t io n  was 

s p e c t ro p h o to m e tr ic a l ly  analyzed a t  595 nm w i th  a Beckman DB 

spectrophotometer a f t e r  a l lo w in g  the hide powder azure p lus enzyme- 

i n h i b i t o r  m ix tu res  to  incubate  f o r  va r ious  times a t  37°C.



RESULTS

E f fe c t  o f - p u r i f i c a t i o n  on the PVX .s u b u n i t . — Koenig e t  al 

(12) r e c e n t ly  reported  the e f f e c t  t h a t  method o f  p u r i f i c a t i o n  may 

have upon the m o lecu la r  we igh t o f  the PVX su b u n it .  The re p o r t  

s ta te d  th a t  PVX su b u n it  could possess a m o lecu lar w e igh t o f  e i th e r  

24,000 o r  29,800. In the presen t s tu d y ,  experiments were conducted 

to  determ ine whether s im i l a r  r e s u l t s  could be produced using the 

s t r a in  o f  PVX r o u t in e ly  used here and under our c o n d it io n s .  

P re l im in a ry  exam ination o f  PVX was conducted w i th  p repa ra t io ns  

which v a r ie d  in  t im e between homogenization and ch lo ro fo rm  em u ls i­

f i c a t i o n  from f i f t e e n  m inutes to  severa l hours (PVX-M). PVX-M 

p rd te in  was prepared by in cuba t in g  v i r u s  w i th  sodium dodecyl s u l fa te  

(SDS). M o lecu la r  we igh ts o f  the subun its  were estim ated from an 

SDS s p l i t  gel e le c t ro p h o re s is  m o lecu la r  we igh t curve (F ig .  I )  

con truc te d  from data w i th  known p ro te in  standards (F ig .  2 ) .

I n i t i a l  experiments in d ic a te d  t h a t  v i ru s  p a r t i c le s  in  PVX-M 

p repa ra t io ns  were composed o f  m ix tu res  o f  p ro te in  s u b u n its ,  i . e . ,  

both i n t a c t  and p a r t i a l I y  degraded po lypep t ide  cha ins . These 

p repa ra t io ns  f re q u e n t ly  conta ined subun its  o f  both m o lecu la r 

we igh ts in  app rox im ate ly  equal r a t i o s , as determined by in te n s i t y  

and s ize  o f  the s ta ine d  p o r t io n s  o f  the SDS s p l i t  ge ls  (F ig .  3 ) .

The m o lecu la r we igh ts o f  the two s izes  o f  subunits  was c a lc u la te d  

to  be 29,000 f o r  the la rg e r  and 24,500 f o r  the sm a lle r .
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F igure I .  E s t im a t ion  o f  m o lecu lar we igh ts u t i l i z i n g  the SDS s p l i t  
gel e le c tro p h o re s is  system. M o b i l i t y  equals the r a t i o  
o f  the d is tan ce  the p ro te in  m igrates to  the d is tance  
chymotrypsinogen m ig ra tes . Both graphs p lo t te d  by 
method o f  le a s t  squares.
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Figure 2. SDS s p l i t  ge ls  o f  fo u r  o f  the standards used to  c o n s tru c t  
the m o lecu la r  we igh t e s t im a t io n  curve shown in  f ig u r e  I .  
C=chymotrypsinogen, R=ribonuclease, O=ovalbumin, B=bovine 
serum albumin.
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F igure  3. SDS s p l i t  po lyacry lam ide ge ls  comparing the m o b i l i t i e s  o f  
PVX degraded p ro te in  and chym otryps inogen (C ) . On the l e f t  
is  a ty p ic a l  gel showing the re s u l t s  o f  a PVX-M p repa ra t ion  
dem onstrating the occurrence o f  both the 29,000 molecu lar 
we igh t subu n it  (upper band) and the 24,500 m o lecu la r weight 
subun it  ( low er band) in  the same p re p a ra t io n .  On the r i g h t  
is  e le c t r o p h o re t ic  a n a ly s is  o f  the same p re p a ra t io n  a f te r  
in cu b a t io n  o f  the v i ru s  w i th  t r y p s in ,  dem onstrating com­
p le te  convers ion to  the 24,500 m olecu lar w e igh t subun it .



17 -

Crude homogenate m an ipu la t ion  was tes ted  as a means o f  p ro ­

ducing v i r a l  p rep a ra t io n s  composed o f  ,subunits o f  e i t h e r ,  but not 

bo th , m o lecu la r  w e igh ts . Crude homogenates were e m u ls i f ie d  w ith  

ch lo ro fo rm  im m ediate ly  .a f te r  hbmogenization and, a f t e r  f u r t h e r  

p u r i f i c a t i o n ,  PVX-IP was ahalyzed f o r  subu n it  m o lecu lar we igh t w ith  

SDS s p l i t  gel e le c t ro p h o re s is .  Assays o f  PVX-IP p repa ra t ions  

suggested a homogeneous subu n it  m o lecu la r we igh t o f  29,000-300 

(F ig .  I ) .

Some PVX s o lu t io n s  were p u r i f i e d  a f t e r  a l lo w in g  the crude 

homogenate to  incubate  o v e rn ig h t  a t  room temperature and subsequently 

p u r i f i e d  as descr ibed f o r  PVX-ON. • These v i r u s  suspensions were also 

analyzed f o r  su b u n it  m o lecu lar we igh t by acry lam ide gel e le c tro p h o ­

r e s is ,  and y ie ld e d  p r im a r i l y  subun its  having a m o lecu la r we igh t o f  

24,500-500 (F ig .  I ) .  F igure 4 i l lu s t r a te s ,  ty p ic a l  p a t te rn s  in  SDS 

s p l i t  ge ls  o f  PVX-IP and PVX1-ON degraded p ro te in  compared w i th  the 

chymotrypsi,nogen standard.

The consistency, o f  subu n it  m o lecu la r Weight was in v e s t ig a te d  in  

v i r a l  p rep a ra t io n s  ob ta ined by- PVX-IP and PVX-ON p u r i f i c a t i o n .

Results  from twenty experiments in d ic a te d  th a t  PVX-IP p u r i f i c a t i o n  

c o n s is te n t ly  produced v i ru s  p a r t i c le s  composed o f  the  29,000 molec­

u la r  w e igh t subun its  e x c lu s iv e ly ,  s ince  o n ly  these s t ru c tu re  u n i ts  

were d e te c ta b le  in  e le c t r o p h o re t ic  ge ls ..
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F igure  4. Typ ica l SDS s p l i t  ge ls  showing pa tte rns  ob ta ined  a f te r  
e le c t r o p h o re t ic  an a ly s is  o f  PVX-IP and PVX-ON p ro te in  
using chym otryps inogen as the comparative marker p ro te in  
(C ) . On the l e f t  is  the gel o f  PVX-IP degraded p ro te in  
and on the r i g h t  is  the gel o f  PVX-ON degraded p ro te in .  
Degraded p ro te in  ob ta ined by SDS in c u b a t io n .
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The minimum amount o f  p ro te in  d e te c ta b le  in  SDS s p l i t  ge ls  was 

determ ined. S e n s i t i v i t y  o f  the assay procedure f o r  d e te c t in g  the 

subun its  in  a v i ru s  p re p a ra t io n  depended upon the minimum amount o f  

p ro te in  v i s i b l e  a f t e r  Coomassie b r i l l i a n t  b lue s ta in in g .  SDS 

degraded PVX p ro te in  was s e r i a l l y  d i lu t e d  in  the s tandard e le c t r o ­

p h o re t ic  b u f f e r ,  ap p lie d  a t  the top o f  the g e ls ,  and e lec trophoresed . 

The minimum d e te c ta b le  c o n ce n tra t io n  o f  p ro te in  a f t e r  s ta in in g  was 

found to  be 30 jug/ml in  the app lied  p re p a ra t io n .

However, PVX-ON p repa ra t io ns  which conta ined on ly  the 24,500 

m o lecu la r  we igh ts subun its  were more d i f f i c u l t  to  o b ta in .  P u r i f ie d  

PVX-ON suspensions were in c o n s is te n t ,  i . e . ,  sometimes r e s u l t in g  in  

homogeneous s o lu t io n s  o f  the 24,500 su b u n its ,  but more f re q u e n t ly  

r e s u l t in g  in  s o lu t io n s  c o n ta in in g  both the 29,000 and the 24,500 

subu n its .

P repara tions  o f  PVX-IP and PVX-ON were a lso  s e r o lo g ic a l ly  

assayed f o r  homogeneity. PVX was degraded w ith  SDS and the degraded 

p ro te in  e lec trophoresed  on standard s ized SDS acry lam ide ge ls .  

Fo llow ing  e le c t ro p h o re s is  f o r  th re e  hours, the ge ls  were surrounded 

w i th  PVX-M degraded p ro te in  an tiserum  impregnated in  agar according 

to  S ha lla  and Shepard (24 ).  F resh ly  prepared PVX-IP and PVX-ON 

assayed in  t h i s  manner d isp layed  a s in g le  component re a c t iv e  w ith  

an t ibody  on the c ircum fe rence  o f  the g e l .  The s e n s i t i v i t y  o f  the
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s e ro lo g ic a l  assay method f o r  minimum d e te c ta b le  an t igen  concen tra ­

t io n  was a sce r ta in e d .  PVX degraded p ro te in  was s e r i a l l y  d i lu te d  

10 f o ld  from 10 mg/ml to  0.0001 mg/ml, e lec trophoresed  in  acrylam ide 

g e ls ,  and s ta ine d  w i th  a cons tan t le v e l  o f  an t ibody . The re s u l ts  

in d ic a te d  th a t  the an t ib ody  assay-method was s e n s i t iv e  to  30 xig/ml.

Sephadex gel chromatography o f  reduced PVX degraded p ro te in  in  

the presence o f  SDS was te s te d  as an a d d i t io n a l  method o f  d e te r ­

m in ing degraded v i r a l  p ro te in  m p lecu la r weights and o f  con f irm ing  

those c a lc u la te d  from SDS s p l i t  gel e le c tro p h o re s is  da ta .  SDS de­

graded PVX-IP and PVX-ON p repa ra t io ns  'With a s t a r t in g  volume o f  

2-3 ml and a co n c e n tra t io n  o f  10-15 mg/ml were chromatographed on 

Sephadex G-200 e q u i l ib r a te d  w i th  0.05 M T r is  b u f fe r  pH 7 .0  con­

ta in in g  1.0% SDS. E lu t io n  p r o f i l e s  compared w i th  s im i l a r l y  

t re a te d  standards in d ic a te d  m o lecu la r  weights f o r  PVX-IP and 

PVX-ON s t ru c tu re  u n i ts  o f  28,500 and 24,000 r e s p e c t iv e ly : (F ig .  5)..

The va lues ob ta ined  f o r  the m o lecu la r ,w e igh ts  o f  PVX-IP and 

PVX-0N s u b u n i ts -o f  29,000 and 24,500 by SDS s p l i t  gel e le c t r o ­

phores is  and 28,500 and 24,000 by SDS Sephadex chromatography 

agree c lo s e ly  w i th  Koen ig 's  f in d in g s  o f  29,800 and 24,000, and 

con firm s the v a r i a b i l i t y  in  the PVX p ro te in  m o lecu la r we igh t 

w i th  mode o f  v i r a l  p u r i f i c a t i o n .

P repa ra t ion  o f  p u r i f i e d  PVX-IP and PVX-ON. - -  Degradation o f



M
O

L.
 W

T 
X

IO
"

4

21

OVAL

PVX IP MONOMER

CHYMO1 VXON MONOMER

CYTO C

.1 .2. .3 .4 .5 .6 .7 .8 .9 IO LI 12 1.3 14 1.5

MOBILITY

F igure 5. Graph cons truc ted  f o r  e s t im a t io n  o f  m o lecu la r  weights by 
SDS Sephadex G-200 column chromatography. M o b i l i t y  equals 
the r a t i o  o f  the e lu t io n  volume (ml) o f  the p ro te in  to  the 
e lu t io n  volume o f  cytochrome C,
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PVX-IP re s u l te d  in  su b u n it  s o lu t io n s  homogeneous in  the acry lam ide 

gel assay system. Hence, PVX-IP was prepared in  the manner de­

sc r ibed  r o u t in e ly .  However, s ince  p roduc tion  o f  PVXt-ON by crude 

homogenate in cu b a t io n  was in c o n s is te n t , '  a more r e l i a b le  method o f  

o b ta in in g  v i ru s  p repa ra t io ns  composed o f  onTy the lower m olecu lar . 

w e igh t subun its  was in v e s t ig a te d .  Since Koenig e t  al (12) reported  

th a t  in cuba t io n  o f  PVX With t r y p s in  d u p l ic a te d  the m o lecu la r we igh t 

convers ion th a t  occurred w i th  crude homogenate in c u b a t io n ,  enzy­

m atic  d ig e s t io n  was in v e s t ig a te d  as an a l t e r n a t i v e  means o f  p re ­

pa r ing  PVX-ON. ■ Incuba t ion  o f  PVX w i th  t r y p s in  a t  a su b s tra te  to

enzyme r a t i o  o f  1000:1 f o r 1app rox im ate ly  twelve hours re s u l te d  in
I ■ ;

the c o n s is te n t  convers ion to  v i ru s  composed o f  o n ly  de te c ta b le  

subun its  w i th  a m o lecu la r  Weight o f  24,500 (F ig .  3 ) .  D is s o c ia t io n
O

o f  the v i r u s  subsequent to  t r y p s in  d ig e s t io n  as reported  f o r  cowpea 

m o t t le  v i r u s  by Chidlow arid,Tremaine (3) was not observed, as 
determined by r e te n t io n  o f  stream b i re f r in g e n c e .  T ryps in  d igested  

PVX was th e re fo re  used to, prepare PVX-ON except as noted.

S e ro log ica l r e la t io n s h ip  between PVX-IP and PVX-ON. - -  A f te r  

i t  had been confirmed th a t  two m o lecu la r  weights o f  PVX p ro te in  

could be prepared homogeneously, the s e ro lo g ic a l re la tedness  o f  

the two forms was determined. PVX-IP and PVX-ON were p u r i f ie d  

and a n t is e ra  to  the two v i r a l  forms were prepared. A f t e r  s ix
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weeks, the homologous t i t e r  o f  PVX-ON antiserum  reached 1:8192, and 

the homologous t i t e r  o f  PVX-IP antiserum  was 1:4096. Reciprocal 

c ro s s -a b s o rp t io n  te s ts  were conducted to  determine i f  any s e ro lo g ic a l 

d i f fe re n c e s  e x is te d  between these two forms o f  PVX. The re s u l ts  

showed no re s id u a l a c t i v i t y  to  homologous an t igen  a f t e r  removal o f  

the immune complex fdrmed by o v e rn ig h t  abso rp t ion  w i th  heterologous 

an tigen  a t  4 mg v i ru s  per ml o f  ant ise rum . Contro l te s ts  conducted 

by abso rp t ion  w i th  homologous an tigen  and subsequent t i t e r i n g  to  

homologous antigen demonstrated t h a t  abso rp t ion  was complete a t  the 

le v e ls  used. P o rt ions  o f  the an tigens  used in  the c ro ss -a b so rp t io n  

s tud ie s  had been determined to  be homogenous w i th  respec t to  subun it  

m o lecu la r  w e igh t p r i o r  to  use in  the re c ip ro c a l  c ro ss -a b so rp t io n  

s tu d ie s .  I t  was concluded from these s tud ies  .tha t PVX-IP and PVX^ON 

were s e r o lo g ic a l ly  id e n t ic a l  desp ite  the f a c t  they were composed o f  

p ro te in  subun its  o f  d i s t i n c t  m o lecu la r  we igh ts .

P repa ra t ion  and s e ro lo g ic a l  re la tedness  o f  PVX-IP and PVX-ON . 

degraded p r o t e in . - -  ■ Experimentation had shown th a t  the n a t iv e  

p ro te in  o f  PVX-IP and PVX-ON were a n t ig e n ic a l l y  i d e n t i c a l . However, 

s ince  depo lym er iza t ion  o f  PVX subun its  r e s u l t in g  in  a change in  

a n t ig e n ic  s p e c i f i c i t y  from the n a t iv e  form o f  the s u b u n it  (24, 30) 

and the e f f i c a c y  o f  using denatured p ro te in  to  determ ine se ro lo g ic a l 

re la tedness  (31) have been demonstrated, i t  was necessary to  se­
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r o lo g i c a l l y  compare the denatured p ro te in  subun its  o f  PVX. PVX-IP 

and PVX-ON were p u r i f i e d  and the degraded p ro te in  o f  each species 

prepared by SDS in c u b a t io n .  As a f u r t h e r  p recau tion  a g a in s t  

contaminants not d e te c ta b le  w i th  e i th e r  the,chem ica l o r  the se­

r o lo g ic a l  homogeneity assay fo l lo w in g  e le c t r o p h o re t ic  a n a ly s is , an 

a d d i t io n a l  p u r i f i c a t i o n  step was employed. Acrylamide gel e le c t r o ­

phores is  o f  SDS degraded p ro te in  o f  PVX-IP o r  PVX-ON was conducted 

on a p re p a ra t iv e  sca le  to  f u r t h e r  p u r i f y  the p ro te in  to  be used f o r  

im m unization. Antigen bands were i d e n t i f i e d  w ith  an t ib ody  and, as 

shown in  f ig u r e  6, t h is  method was capable o f  sepa ra ting  the 29,000 

from the 24,500 m o lecu la r  we igh t s t r u c tu r a l  p ro te in s .  When used to  

prepare e i t h e r  PVX-IP 'o r PVX-ON degraded p ro te in  f o r  im m unization, 

a s in g le  band in  the gel. was observed. SDS s p l i t  ge ls  were e le c t r o -  

phoresed f o r  each p re p a ra t io n  to  f u r t h e r  con f irm  the homogeneity and 

m o lecu la r  we igh t o f  th e ,p ro te in .  Fo llow ing  p re p a ra t iv e  gel e le c t r o ­

p h o re s is ,  t h a t  p o r t io n  o f  the acry lam ide gel c o n ta in in g  the degraded 

v i r a l  p ro te in  was s l ic e d  from the g e l , smashed in to  a s lu r r y  w ith  

2 ml o f  0.005 M N a -C it ra te  pH 8 .0  b u f fe r  and d ia lyze d  6-8 hours 

a g a in s t  the same b u f fe r  to  remove unbound SDS. A n t ise ra  to  PVX-IP 

and PVX-ON degraded p ro te in  were prepared by in je c t in g  t h i s  r e s u l ta n t  

s lu r r y .  A n t ise ra  to  PVX-IP and PVX-ON degraded p ro te in  both reached 

a t i t e r  o f  1:8 to  SDS prepared homologous antigen s ix  weeks, a f t e r
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Figure 6. SDS p re p a ra t iv e  e le c t r o p h o re t ic  gel o f  PVX-IP and PVX-ON 
degraded p ro te in  a f t e r  i d e n t i f i c a t i o n  o f  the p ro te in  bands 
w i th  an t ib ody .  The gel i l l u s t r a t e s  sepa ra t ion  poss ib le  
between the two species o f  degraded p ro te in ,  and the 
usefu lness o f  t h is  method f o r  use in  p repa ring  degraded 
PVX p ro te in  f o r  im m unization. The upper band represents 
lo c a t io n  o f  PVX-IP degraded p ro te in  and the lower band 
represents  lo c a t io n  o f  the PVX-ON degraded p ro te in .
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the i n i t i a l  i n je c t io n .  O uchterlony double d i f f u s io n  te s ts  were 

conducted to  d e te c t  i f  any s e ro lo g ic a l  d i f fe re n c e s  e x is te d  between 

these two forms o f  s u b u n its .  PVX degraded p ro te in  was prepared fo r  

s e ro lo g ic a l  t e s t in g  by depo lym er iza t ion  w i th  e i th e r  30% p y r id in e  or 

1% SDS. P ro te in  prepared w i th  SDS was analyzed f o r  homogeneity 

be fo re - use in  double d i f f u s io n .  P y r id in e  has been p re v io u s ly  shown 

to  y ie ld  m a in ly  dimers when used to  depolymerize PVX (24 ).  Double 

d i f f u s io n  te s ts  conducted w i th  SDS prepared an tigen  in d ic a te d  sero­

lo g ic a l  i d e n t i t y  between the two, fohns o f  PVX subun its  when tes ted  

by the standard method f o r  d e te c t in g  d i f fe re n c e s  in  a n t ig e n ic  

s p e c i f i c i t y  v ia  double d i f f u s io n  (F ig .  7 ) ,  using a n t is e ra  to  e i th e r  

PVX-IP o r  PVX-ON degraded p ro te in .  Double d i f f u s io n  assays were 

s im i l a r l y  conducted using PVX-IP and PVX-ON degraded p ro te in  p re - . 

pared e l e c t r o p h o r e t ic a l l y .  The degraded v i r a l  p ro te in  was e le c t r o -  

phoresed on standard s iz e  SDA acry lam ide ge ls  and the p ro te in  in  

the ge ls  i d e n t i f i e d  through the use o f  an t ib ody .  That p o r t io n  o f  

the gel, c o n ta in in g  the v i r a l  subun its  was exc ised , these d iscs  

organ ized in to  the des ired  s e ro lo g ic a l  p a t te rn ,  and surrounded 

w i th  standard double d i f f u s io n  agar. A c e n tra l  w e ll was then re ­

moved and charged w i th  e i th e r  PVX-IP o r  PVX-ON degraded p ro te in  

antiserum  and the re a c t io n s  a llowed to  develop. These r e s u l t s  a lso 

in d ic a te d  t h a t  the two forms o f  PVX s t r u c tu r a l  p ro te in  are se-
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F igure 7. Ouchterlony double d i f f u s io n  te s t  comparing PVX-IP and 
PVX-ON degraded p ro te in  reacted aga ins t  PVX-IP degraded 
p ro te in  antise rum . I=PVX-IP degraded p ro te in  and 
O=PVX-ON degraded p ro te in .  Notice the c o n t in u i t y  o f  the 
p r e c ip i t i n  l in e s  and the absence o f  spurs , in d ic a t in g  
s e ro lo g ic a l  i d e n t i t y  o f  the an t igens . Concentra tions o f  
both an t igen  s o lu t io n s  equals approx im ate ly  0.2 mg/ml.
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r o lo g i c a l l y  i d e n t i c a l .

Because i t  was po ss ib le  t h a t  SDS breakdown o f  PVX re s u l te d  in  

the p roduc tion  o f  monomeric s o lu t io n s  o f  subun its  which would not 

show a s in g le  de term inan t d i f fe re n c e  between the PVX-IP and PVX-ON 

degraded p ro te in  in  double d i f f u s io n  t e s t s ,  p y r id in e  degraded PVX-IP 

and PVX-ON dimers were compared f o r  s e ro lo g ic a l re la ted ness .  P y r i ­

d ine  degradation  o f  each species was performed and the two forms 

compared in  double d i f f u s io n  using both PVX-IP and PVX-ON degraded 

p ro te in  a n t is e r a . The re s u l t s  again in d ic a te d  s e ro lo g ic a l  i d e n t i t y  ' 

between the two forms o f  v i r a l  p ro te in .

Since t r y p s in  prepared PVX-ON was used in  the experiment in  

most cases, i t  was o f  in t e r e s t  to  compare the a n t ig e n ic  s p e c i f i c i ­

t i e s  o f  t r y p s in  prepared PVX-ON and PVX-ON p u r i f ie d  fo l lo w in g  

in cu b a t io n  o f  crude homogenates. PVX-ON was p u r i f ie d  by both methods 

and the, degraded p ro te in  ob ta ined by SDS in cu b a t io n .  Standard double 

d i f f u s io n  te s ts  were conducted to  compare the two forms o f  PVX-ON 

p ro te in  a g a in s t  PVX-ON degraded p ro te in  an tiserum . The re s u l t s  o f  

these te s ts  demonstrated th a t  the method o f  preparing  PVX-ON had no 

e f f e c t  upon the a n t ig e n ic  s p e c i f i c i t y  o f  PVX-ON degraded p ro te in .

E f f e c t . o f  t r y p s in  on degraded p r o t e in . — PVX d is s o c ia te d  

p ro te in  has been shown to  be. converted in to  a d i f f e r e n t  conforma­

t io n a l  s ta te  than when assembled in to  whole v i ru s  p a r t i c le s  (24).
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Tests were conducted to. determ ine whether t h is  denatured, but 

ch e m ica lly  id e n t ic a l  subu n it  would be, more s e n s i t iv e  to  t r y p s in  

d ig e s t io n  than the n a t iv e  or assembled p ro te in ,  and hence be ,se­

r o lo g i c a l l y  d is t in g u is h a b le  from undigested p ro te in .  T ryps in  was 

s e r i a l l y  d i lu t e d  in  te p fo . ld increments from an i n i t i a l  c once n tra t io n  

o f  10 m g/m l,to  0.001 mg/ml. To each con ce n tra t io n  was added I  mg o f  

p y r id in e  degraded v i r a l  p rq te in  and incubated two hours, a t  room 

tem pera ture . Each m ix tu re  was, then in h ib i t e d  by TICK.

The t im e re q u ire d  f o r  i n h ib i t i o n  o f  t r y p s in  by TLCK was d e te r ­

mined using the  hide powder,azure system. The absorbance o f  the 

t r y p s in  i n h ib i t i o n  t e s t  p re p a ra t io n  decreased from 0.61 o p t ic a l  

d e n s i ty  u n i ts  to  0.015 o p t ic a l  d e n s i ty  u n i ts  a f t e r  one .,hour in c u ­

b a t io n .  : V i ra l  p r o te in - t r y p s in  p repa ra t io ns  were in h ib i t e d  w i th  TLCK 

f o r  two hours to  in su re  complete , i n h i b i t i o n .

M ik i & Kn igh t (14) have repo r ted  t h g t  PVX p ro te in ,  degraded 

w i th  guan id ine  h y d ro c h lo r id e ,  re s u l te d  in  18 peptides when d igested 

w i th  t r y p s in  a t  a r a t i o  o f  PVX p ro te in  to  t r y p s in  o f  10 :1 . The 

s tud ie s  conducted in  t h i s  experiment demonstrated t h a t  PVX degraded 

p ro te in  was s u f f i c i e n t l y  d igested  a t  le v e ls  o f  p ro te in  to  t r y p s in  

o f  1 :10 , 1:1 and 10:1 to  have no r e a c t i v i t y  remaining when tes ted  

a g a in s t  PVX-IP o r  PVX-ON degraded p ro te in  antiserum in  double 

d i f f u s io n .  However, a t  le v e ls  o f  v i r a l  p ro te in  to  t r y p s in  o f
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100:1 and 1000:1, the degraded p ro te in  would re a c t  w i th  degraded 

v i r a l  p ro te in  an t ise rum , bu t w i th  a re a c t io n  o f  n o n - id e n t i t y  when 

compared to  undigested v i r a l  p ro te in .

E f fe c t  o f  chymotrypsin on PVX-and PVX degraded p r o t e in . —

The e f f e c t  o f  chymotrypsin on PVX and PVX degraded p ro te in  was a lso 

te s te d .  Koenig e t  al (12) have repo r te d  th a t  chym otrypsin had no 

e f f e c t  upon assembled PVX s ubu n its .  This was tes ted  in  our la b o ra ­

to r y  by in cu b a t in g  PVX-IP w i th  chym otrypsin and using TPCK to  te rm i­

nate the re a c t io n .  A l iq u o ts  o f  PVX were incubated w i th  chymo­

t r y p s in  a t  a r a t i o  o f  1000:1, as conducted w i th  t r y p s in  d ig e s t io n  

experiments o f  PVX, and a f t e r  i n h ib i t i o n  o f  the enzyme, the molecu­

l a r  w e igh t o f  the v i r a l  subun its  fo l lo w in g  SDS degrada tion  was 

determined w i th  the SDS s p l i t  gel system. The time re q u ire d  fo r  

i n h ib i t i o n  o f  chymotrypsin w i th  TPCK was determ ined. Using the hide 

powder azure system a ga in ,  the absorbance o f  the chymotrypsin i n ­

h ib i t i o n  t e s t  p re p a ra t io n  decreased from 0.55 o p t ic a l  d e n s i ty  u n i ts  

to  0.01 o p t ic a l  d e n s i ty  u n i ts  a f t e r  one hour. As an e x t ra  precau­

t i o n ,  the TPCK in h ib i t e d  v i r a l  p r o t e in -chym otryps in m ix tu re s  were 

incubated f o r  two hours to  in su re  complete i n h ib i t i o n .  The re s u l ts  

ob ta ined  in d ic a te d  th a t  chymotrypsin had no e f f e c t  upon the m olecu lar 

w e igh t o f  the s u b u n its ,  f o r  the acry lam ide gel a n a ly s is  demonstrated 

o n ly  one s ta in a b le  band, re p re s e n ta t iv e  o f  a m o lecu lar w e igh t o f
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29,000. Chymotrypsin incubated PVX-IP was degraded w i th  SDS and 

s e r o lo g ic a l ly  compared to  SDS degraded un trea ted  PVX-IP in  double 

d i f f u s io n .  These r e s u l t s  in d ic a te d  th a t  the s e ro lo g ic a l  p ro p e r t ie s  

o f  PVX-IP were l ik e w is e  una ffec ted  by chym otrypsin in c u b a t io n .

Experiments were conducted to  determ ine the e f f e c t  t h a t  chymo­

t r y p s in  would have upon PVX degraded p ro te in .  Chymotrypsin was 

s e r i a l l y  d i lu t e d  from 10 mg/ml to  0.001 mg/ml and to  each concen­

t r a t i o n  was added I  mg o f  PVX degraded p ro te in  which had been pre­

pared w i th  p y r id in e .  The m ix tu re  was incubated f o r  two hours a t 

room temperature and the enzyme in h ib i t e d  by adding TPCK and a l lo w in g  

to  incubate  f o r  two hours. These s tud ie s  showed th a t  a t  le v e ls  o f  

v i r a l  p ro te in  to  enzyme o f  1 :10 , 1 :1 ,  10,:I  and 100:1, the PVX de­

graded p ro te in  r e a c t i v i t y  w i th  degraded p ro te in  antiserum  was 

com p le te ly  e l im in a te d  in  double d i f f u s io n  te s ts .  But a t  le v e ls  o f  

v i r a l  p ro te in  to  enzyme r a t io s  o f  1000:1, the v i r a l  p ro te in  would 

re a c t  w i th  PVX degraded p ro te in  antiserum  in  double d i f f u s i o n , but 

the re a c t io n  was one o f  n o n - id e n t i t y .
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Presumably an enzyme or, enzymes in  tobacco sap are respons ib le  

f o r  the convers ion o f  the m o lecu lar w e igh t o f  the PVX subu n it  from 

29,000 to  24,500 under c e r ta in  c o n d i t io n s .  This m o lecu la r  weight 

convers ion can be d u p l ic a te d  by in cu b a t in g  PVX w i th  t r y p s in .  These 

two m o lecu la r  we igh t forms o f  p ro te in ,  whether e x is te n t  as assembled 

o r  depolymerized p r o te in ,  were compared s e r o lo g ic a l ly  f o r  any d i f f e r ­

ence in  a n t ig e n ic  s p e c i f i c i t y  which may occur fo l lo w in g  a loss  o f  

n e a r ly  15% o f  the po lypep t ide  cha in . P u r i f ie d  whole PVX p a r t ic le s  

composed e x c lu s iv e ly  o f  subun its  o f  e i th e r  m o lecu la r we igh t were 

compared by re c ip ro c a l  cross abso rp t ion  s tu d ie s .  PVX degraded 

p ro te in  o f  both m o lecu la r  weights was obta ined by both p y r id in e  and 

SDS deg rada t ion . In  a l l  cases, the two forms o f  assembled o r  de­

graded PVX p r o te in ,  i . e . ,  p ro te in  c o n s is t in g  o f  e i th e r  29,000 or 

24,500 m o lecu la r w e ig h t,  were found to  be s e r o lo g ic a l ly  i d e n t i c a l .

This la c k  o f  a n t ig e n ic  s p e c i f i c i t y  change w ith  PVX p ro te in  is  

in  c o n t ra s t  to  TMV experiments whereby one amino ac id  s u b s t i t u t io n  

in  o r  the loss  o f  as few as th ree  amino ac ids  from the p ro te in  may 

cause a d e te c ta b le  s e ro lo g ic a l  change. However, the r e s u l t s  are in  

accordance w i th  the experiments w i th  cowpea c h lo r o t i c  m o t t le  v iru s  

in  which a 10% lo ss  o f  p ro te in  caused no s e ro lo g ic a l change, but a 

20% loss  was accompanied by a s e ro lo g ic a l  change. In  a d d i t io n ,  a 

lo ss  o f  5-10% o f  the m o lecu la r we igh t o f  adenovirus hexons caused no



33 '

change in  a n t ig e n ic  s p e c i f i c i t y  but a g re a te r  lo s s ,  (exac t data not 

a v a i la b le ) ,  caused a change in  a n t ig e n ic  s p e c i f i c i t y .  I t  seems 

e v id e n t  from t h i s  data th a t  po lypep t ide  chain loss  and a n t ig e n ic  

s p e c i f i c i t y  change cannot be n e c e s s a r i ly  c o r re la te d  o r  p re d ic te d .

The 15% m olecu la r  w e igh t lo ss  has no in f lu e n c e  upon a n t ig e n ic  

s p e c i f i c i t y  o f  the PVX m olecu le , anc) mode o f  p u r i f i c a t i o n  apparen t ly  

does no t render s e ro lo g ic a l  i d e n t i f i c a t i o n  s tud ies  in v a l i d .  This is  

im po rtan t  when c o n s id e r in g  s e ro lo g ic a l  d e te c t io n  o f  PVX. A n t ig e n ic  

s p e c i f i c i t y  seems to  re s id e  in  85% o r  less  o f  the m o lecu le , meaning 

t h a t  v a r ia t io n  can occur in  the remaining 15% o f  the molecule w i th ­

o u t  a f f e c t in g  the a b i l i t y  to  be de tected by s e ro lo g ic a l  methods.

I f  the v a r ia t io n  in  s t r a in s  o f  v i r u s  re s id e n t  in  the m a te r ia l  tes ted  

occurs in  the p o r t io n  o f  the pep tide  l o s t  upon enzymatic d ig e s t io n ,  

i d e n t i f i c a t i o n  o f  PVX would not be s e r io u s ly  im pa ired . Because o f  

the la c k  o f  any a n t ig e n ic  d i s p a r i t y  between the two forms o f  PVX 

p r o te in ,  the reg ion  o r  re g io n s , (perhaps both te rm in i are d ig e s te d ) ,  

o f  the po lypep t ide  chain l o s t ,  i . e . ,  15% o f  the m o lecu la r w e igh t,  

must c o n s t i t u t e  an im munosilent reg ion  o r  reg ions o f  the molecule 

c o n ta in in g  none o f  the th ree  or fo u r  an t ibody  combining s i te s  per 

monomer as reported  by Shepard and S h a lla  (30). However, s ince 

broad spectrum o r  s p e c i f i c  proteases may occur in  some p la n t  t i s ­

sues, f o r  example bean carboxypeptidase (20 ) ,  mode o f  p u r i f i c a t i o n
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may in f lu e n c e  the s t ru c tu re  o f  c e r ta in  v i r io n s  1 p u r i f ie d  and hence 

the a n t ig e n ic  s p e c i f i c i t y  s u f f i c i e n t l y  th a t  even id e n t i f i c a t i o n  by 

im m unod iffus ion cou ld  be ques tionab le .  The phenomenon o f  enzymatic 

d ig e s t io n  o f  v i r io n s  du r ing  ro u t in e  p u r i f i c a t i o n  may be q u i te  un­

p re d ic ta b le  and cou ld  have conce ivab ly  occurred w i th  some v i ru s (e s )  

and gone unrecognized. D iges t ion  o f  v i r a l  p ro te in  by some c e l l u l a r  

enzymes, may occur i n s t a n t l y  upon ru p tu re  o f  c e l l s  and/or, t h e i r  

o rg a n e l le s  and lead .to con fus ion  in  in te r p r e ta t io n  o f  da ta .

The r e s u l t s  have shown th a t  degraded p ro te in  o f  PVX is  more 

s u s c e p t ib le  to  d ig e s t io n  by t r y p s in  and chymotrypsin than assembed 

p ro te in .  The g re a te r  s u s c e p t i b i l i t y  o f  the degraded PVX p ro te in  

subun its  to  enzymatic d ig e s t io n  may b e ,a t t r ib u ta b le  to  the hypoth­

es is  t h a t  the depolymerized subun its  have undergone a change in  

conform ation  which a l low s f o r  the increased d ig e s t io n ,  s im i la r  

to  the phenomenon found by H u l t in  and S jo q v is t  (8) w i th  r a t  l i v e r  

ribosomes. In  t h e i r  r e p o r t ,  they proposed th a t  under c e r ta in  w e l l -  

de f ined  c o n d i t io n s ,  the ribosomes w i l l  undergo a change in  c o n fo r ­

mation and a " lo o p "  on the ribosome, which was fo rm e r ly  r e s is ta n t  

to  chymotrypsin d ig e s t io n ,  becomes su s c e p t ib le  to  chymotrypsin 

d ig e s t io n .

The m o lecu la r weights o f  29,000 and 24,500 f o r  the two forms 

o f  the PVX subun its  agree c lo s e ly  w i th  the re s u l t s  o f  Koenig e t
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al (12 ).  The small d iscrepancy is  p o s s ib ly  a t t r ib u ta b le  to  e le c t r o ­

p h o re t ic  procedura l d i f fe re n c e s .  The use o f  s p l i t  ge ls  u t i l i z i n g  

SDS po lyacry lam ide  e le c t ro p h o re s is  is  p o t e n t ia l l y  the most accurate 

method c u r r e n t l y  in  use o f  de te rm in ing  m olecu lar we igh ts o f  v i r a l  

p ro te in  in  t h is  range. The m o lecu la r we igh ts repo r ted  a lso  agree 

c lo s e ly  w i th  the r e p o r t  o f  the m o lecu la r  we igh t o f  PVX subunits  

repo r te d  by S ha lla  and Shepard (24) o f  25,000. Even though t h e i r  

r e s u l t s  o f  a n t ig e n ic  d i s p a r i t y  between PVX and i t s  degraded p ro te in  

were achieved through the use o f  the lower m o lecu la r we igh t o f  the 

two forms o f  PVX p ro te in  repo r ted  in  t h is  p u b l ic a t io n ,  t h e i r  r e s u l ts  

can be e x t ra p o la te d  a c c u ra te ly  f o r  the complete subu n it  s ince  the 

la rg e r  and the sm a lle r  are a n t ig e n ic a l l y  id e n t i c a l .

F in a l l y ,  the PVX system may be a model system f o r  e x a c t ly  

lo c a t in g  and id e n t i f y in g  the a n t ig e n ic  de term inants  o f  a molecule.

I t  i s  c le a r  t h a t  15% o f  the PVX molecule is  no t respon s ib le  f o r  

a n t ig e n ic i t y .  Through the use o f  s e le c t iv e  cleavage techn iques, 

e i t h e r  enzymatic o r  non-enzymatic , m o d i f ic a t io n  o f  PVX p ro te in  may 

r e s u l t  in  i d e n t i f i c a t i o n  o f  immunogenic reg ions o f  the PVX p o ly ­

pep tide  cha in .



SUMMARY

Potato v i ru s  X (PVX) has been shown to  lose  a p o r t io n  o f  i t s  

p o lypep t ide  chain du r ing  p u r i f i c a t i o n  o r  by t r y p s in  d ig e s t io n .  By 

in cu b a t in g  crude in f e c t i v e  homogenates o ve rn ig h t  be fore  p u r i f y in g  

the  v i r u s ,  o r  by in cu b a t in g  p u r i f ie d  v i ru s  w i th  t r y p s in ,  a subun it  

m o lecu la r  w e igh t change from 29,000 to  24,500 w i l l  occur. The change 

in  m o lecu la r  we igh t was confirmed by sodium dodecyl s u l fa te  (SDS) 

s p l i t  gel po lyacry lam ide  e le c tro p h o re s is  and Sephadex 0-200 column 

chromatography.

The e f f e c t  o f  the 15% m olecu lar w e igh t loss  due to  enzymatic 

h y d ro ly s is  upon the a n t ig e n ic  s p e c i f i c i t y  o f  PVX and o f  PVX degraded 

p ro te in  was in v e s t ig a te d .  I t  was necessary to  compare both m olecu lar 

weights, o f  the v i r a l  p ro te in  w h ile  in  e i t h e r  the n a t iv e  (assembled) 

s ta te  o r  the degraded (depolymerized) s ta te ,  f o r  p rev ious s tud ies  

have shown t h a t  PVX and i t s  degraded p ro te in  are o n ly  s l i g h t l y  

re la te d  as an t ig ens .

A n t is e ra  were made to  p u r i f i e d  PVX composed o f  e i t h e r ,  but not 

bo th , s t r u c tu r a l  u n i t  m o lecu lar w e igh ts .  A p re p a ra t iv e  SDS gel 

e le c t ro p h o re s is  system was used to  prepare degraded p ro te in  o f  

e i th e r  m o lecu la r w e igh t f o r  use in  the p roduc tion  o f  a n t is e ra  to 

PVX degraded p ro te in .  Reciprocal c ro ss -a b so rp t io n  te s ts  and 

Ouchterlony double d i f f u s io n  te s ts  were employed to  d e te c t  d i f f e r ­

ences in  a n t ig e n ic  s p e c i f i c i t y  which m ight accompany the po lypep tide
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chain lo s s .  Experimental re s u l t s  in d ic a te ^  th a t  no change in  a n t i ­

gen ic s p e c i f i c i t y  was found to  accompany the 15% m olecu la r we igh t 

loss  in  PVX s t r u c tu r a l  p ro te in  fo l lo w in g  enzymatic h y d ro ly s is .

T ryps in  d ig e s t io n  o f  PVX degraded p ro te in  was more complete 

than d ig e s t io n  o f  n a t iv e  v i r u s .  Depending upon the conce n tra t io n  

o f  t r y p s in ,  PVX degraded p ro te in  was e i th e r  im m uno log ica lly  non­

re a c t iv e  o r  reacted w i th  an O uchterlony p r e c ip i t i n  l i n e  o f  non­

i d e n t i t y  w i th  un trea ted  PVX degraded p ro te in .  Chymotrypsin had no 

marked in f lu e n c e  upon e i th e r  the m o lecu la r we igh t o r  the a n t ig e n ic  

s p e c i f i c i t y  o f  PVX. However, PVX degraded p ro te in  was a lso  suscep­

t i b l e  to  d ig e s t io n  by t h is  enzyme. I t  was hypothesized th a t  

con fo rm ationa l changes in  the depolymerized PVX p ro te in  a l low s fo r  

the g re a te r  s u s c e p t i b i l i t y  to  t r y p s in  and chym otrypsin.

I t  was concluded th a t  t r y p s in  d ig e s t io n  o r  in cu b a t io n  o f  

in f e c t i v e  homogenates o f  PVX caused a subu n it  m o lecu lar we igh t change 

from the normal o f  29,000 to  24,500, and th a t  t h is  15% m olecu lar 

w e igh t loss  had no in f lu e n c e  upon the a n t ig e n ic  s p e c i f i c i t y  o f  

e i th e r  n a t iv e  o r  degraded PVX p ro te in ,  Furthermore, the re g io n (s )  

l o s t  upon h y d ro ly s is  c o n s t i tu te s  an immunosilent p o r t io n  o f  the 

molecu le.
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