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COMPARATIVE TRYPTIC PEPTIDE ANALYSIS 
OF RABBIT HEAVY CHAIN ALLOTYPES BY HPLC 

Mohsen Abolhassani, Giordano Fiore, and 
Kenneth H. Roux 

Department of Biological Science 
Florida State University 

Tallahassee, Florida 32306 

ABSTRACT 

Rever sed -phase ,  h i g h  p r e s s u r e  l i q u i d  chromatography (HPLC) i n  a 
mod i f i ed  TFA/HzO-TFA/acetonitrile g r a d i e n t  has  been s u c c e s s f u l l y  a p p l i e d  t o  
t h e  s t r u c t u r a l  a n a l y s i s  of s e r o l o g i c a l l y  d e f i n e d  r a b b i t  immunoglobulin 
heavy c h a i n s .  T h i s  mobile  phase m d i f i c a t i o n  y i e l d s  a r e l a t i v e l y  f l a t  
b a s e l i n e  at h i g h  UV s e n s i t i v i t y .  Approx ima te ly  40 d i s t i n c t  t r y p t i c  pep- 
t i d e s  were r e s o l v e d  from each heavy c h a i n ,  r e p r e s e n t f n g  t h e  VHa' ( a l ,  a 2 ,  
and a3 )  and  V H a -  ( y33 ,30  and y33,-) immunoglobul in  a l l o t y p e s .  
p e p t i d e s  were shown t o  be d e r i v e d  f rom t h e  Fc r e g i o n  (CH2 and CH3),  and 8-10 
p e p t i d e s  from t h e  FC r e g i o n  ( V H ~  a n d  CHI) .  Seven Fd p e p t t d e s  were s h a r e d  
by a l l  VHa' and VHa 
one  a l l o t y p e - s p e c i f i c  p e p t i d e ,  whereas  no a l l o t y p e s p e c i f  tc  pep t  i d e s  were 
o b s e r v e d  f o r  t h e  a 3  heavy cha in .  No d i f f e r e n c e s  were d e t e c t e d  between t h e  
y33,30 and y33 , -  p e p t i d e s ;  however,  b o t h  e x p r e s s e d  a common y s p e c i f i c  pep- 
t i d e .  Amino a c i d  a n a l y s i s  of p u r i f i e d  a l s p e c i f i c  and y s p e c i f i c  p e p t i d e s  
i n d i c a t e  t h a t  t h e  two p e p t i d e s  are ve ry  similar i n  compos i t ion  t o  t h e  p r e -  
d i c t e d  f l r s t  N- t e rmina l  t r y p t i c  p e p t i d e s  of VHal and  V H a -  heavy c h a i n s ,  
r e s p e c t i v e l y .  

About 30 

heavy c h a i n s .  The a1 and a2 d i g e s t s  each  d i s p l a y e d  

INTRODUCTION 

The p r e s e n c e  of a l l o t y p i c  markers on t h e  v a r i a b l e  (VH) r e g i o n  of t h e  

r a b b i t  immunoglobulin heavy c h a i n  (H-cha in )  p r e s e n t s  un ique  o p p o r t u n i t i e s  
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2650 ABOLHASSANI, FIORE, AND ROUX 

€or t h e  s tudy  of immunoglobulin ( I g )  g e n e t i c s  and r e g u l a t i o n .  E s s e n t i a l l y  

a l l  (95-98%) r a b b i t  Lg m l e c u l e s  are recognized by a n t  i - a l l o t y p e  a n t i b o d i e s  

and thus  m y  be ass igned  t o  one of t h e  f o u r  V H  subgroups (VHa, V H W ~  VHX,  and 

VHy>. 

r o l e  as t a r g e t s  f o r  immunoregulatory T and B c e l l s  i n  rmch t h e  same way t h a t  

immunoglobulin i d i o t y p e s  appear  t o  be regulq ted  ( I ,  2 ) .  

It has  been sugges ted  t h a t  t h e s e  a l l o t y p e s  may s e r v e  a p h y s i o l o g i c a l  

The major i ty  (70-90X) of  I g  m l e c u l e a  are t h e  product  of t h e  V H a  

subgroup a l l o t y p e s  a l ,  a2, or a3  ( c o l l e c t i v e l y  r e f e r r e d  t o  a s  VHa') ( 3 - 4 ) .  

The remaining Ig  m l e c u l e s  (LO-30%). d e s i g n a t e d  VHa-, inc lude  one v a r i a n t  

of VHx ( ~ 3 2 1 ,  two v a r i a n t s  of t h e  VHy ( ~ 3 3 . 3 0  and y33,-), and two v a r i a n t s  

of vHw (w34 and w35) ( 5 - 8 ) .  

A number of amino a c i d  sequences of a l l o t y p e d e f i n e d  VHa+ ( a l ,  

a2, and a3)  have been repor ted .  Although a few V H a -  sequences have been 

publ i shed ,  none has  been c o r r e l a t e d  w i t h  any of the  VHa- subgroups ( V p ,  

VHx, or VHy) or t h e i r  a l l o t y p e s .  

t h e  evolu t ionary  r e l a t l o n s h i p  of r a b b i t  subgroups t o  each o t h e r  or t o  the  

w e l l  def ined  muse V H  subgroups (9) .  This  problem has  been due, i n  p a r t ,  

t o  t h e  g e n e r a l  u n a v a i l a b i l i t y  of a n t i Y H a -  a n t l s e r a  and t h e  low level of 

VHa- molecules i n  normal r a b b i t s .  

q u a n t l t i e s  of V H a -  Ig, we have suppressed t h e  e x p r e s s i o n  of t h e  major 

subgroup (VHa+) I g ,  thereby f o r c i n g  t h e  expansion of t h e  VHa- I g  popula-  

t ions.  In a d d i t  ion we have used a l l o t y p e - s p e c i f  i c  an t ibody t o  a f f i n i t y  

p u r i f y  two V H a -  IgC popula t ions  ( ~ 3 3 . 3 0  and y33,-) f rom normal and 

VHa+-suppressed r a b b i t s .  

j e c t e d  t o  biochemical  a n a l y s i s  €or comparison t o  t h e  VHa' a l l o t y p e s .  

HPLC on a reversed-phase  support  was used t o  i d e n t i f y  a l l o t y p e -  

s p e c i f i c  and subgroup-spec i f ic  p e p t i d e s  of t h e  V H a  and VHY a l l o t y p e s .  

Amino a c i d  composi t ion ana lyses  i n d i c a t e  t h a t  t h e  a l -  and y-specif  i c  pep- 

t i d e s  represent  t h e  N-terminal 10 and 19 amino a c i d  r e s i d u e s  of a1 and VHy 

heavy cha ins  r e s p e c t i v e l y .  

A s  a r e s u l t ,  i t  is d i f f i c u l t  t o  determine 

To f a c i l i t a t e  t h e  product ion  of l a r g e r  

The IgC H-chains were f u r t h e r  p u r i f i e d  and sub-  
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RABBIT HEAVY CHAIN ALLOTYPES 

MATERIALS AND METHODS 

265 I 

Immunoglobulin product ion  & p u r i f i c a t i o n  

The r a b b i t s  used f o r  t h i s  s tudy  are of def ined  I g  heavy c h a i n  haplo type  

and were bred i n  our  colony at F l o r i d a  S t a t e  U n i v e r s i t y .  Al lo type  

s u p p r e s s i o n  of t h e  major VHa a l l o t y p e s  was c a r r i e d  out  by n e o n a t a l  i n j e c -  

t i o n  of a n t i - a l l o t y p e  a n t f s e r a  a s  d e s c r i b e d  by Horng gt. (10). 

Serum samples were taken from two o r  t h r e e  r a b b i t s  r e p r e s e n t i n g  each of 

t h e  var ious  a l l o t y p e s  of the  VHa and VHy subgroups. 

p rocessed  and analyzed s e p a r a t e l y .  IgG f o r  immunization was p u r i f i e d  by 

s t a n d a r d  s a l t  p r e c i p i t a t i o n  fol lowed by ion-exchange chromatography (11) .  

Product ion  of ant ibody t o  t h e  a l ,  a2, a3  ( 4 ) ,  y33 ( 6 ) ,  and y30 ( 7 )  a l l o t y p e s  

has  been previous ly  descr ibed .  

Each serum sample was 

A l l o t y p e d e f  ined I g s  were pur i f  i e d  by a f f i n i t y  chromatography us ing  

columns composed of s p e c i f i c  ant  t a l l o t y p e  an t  i s e r a  c o v a l e n t l y  bound t o  C N B r -  

a c t t v a t e d  Sepharose 4B. Contaminat tng IgM and IgA  molecules  were removed 

from t h e  IgG p r e p a r a t l o n  by g e l  f i l t r a t i o n  over  a Sephadex G-150 column. 

T r y p t i c  d i g e s t i o n  and p e p t i d e  mapping 

Pure IgG was s e p a r a t e d  i n t o  H and L-chains  as d e s c r i b e d  by Fleichman 

- a l .  ( 1 2 ) .  

Complete reduct ion  and S-carboxymethylatfon of t h e  H-chain and t h e  Fc pre-  

p a r a t i o n  were performed as d e s c r i b e d  by Moss (14) .  

Fc fragments  of IgG were prepared by papain d i g e s t i o n  (13) .  

One rsg each of completely reduced and a l k y l a t e d  H-chain and Fc were 

suspended t n  1.0 ml of 0.1 M ammonium b i c a r b o n a t e ,  pH 8.5. D i g e s t i o n  was 

c a r r i e d  out  by t h e  a d d i t t o n  of TPCK (L-l-cosylamido-2 phenyl  chloromethyl  

k e t o n e l - t r e a t e d  t r y p s i n  (Worthington)  a t  a 1% enzyme-protein r a t i o  (w/w); 

t h e  mixture  was incubated  f o r  16 hours  at 37OC. Undigested material was 

removed by c e n t r i f u g a t i o n ,  and t h e  d i g e s t s  were f r e e z e d r i e d  and s t o r e d  at 

-7OOC i n  s i l i c o n i z e d  g l a s s  v i a l s .  

High performance l i q u i d  chromatography (HPLC) was used f o r  p e p t i d e  

mapping, a s  d e s c r i b e d  by Fullmer and Wasserman (15) .  The HPLC system 
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ABOLHASSANI, FIORE, AND ROUX 2652 

(Waters Assoc ia tes ,  Mi l ford ,  MA) c o n s i s t e d  of two M6000 A pumps, a U6K 

u n i v e r s a l  i n j e c t o r ,  a microprocessor  system c o n t r o l l e r  (model 720) ,  a 

r e c o r d e r / i n t e g r a t o r  (model 7301, and a C18/Coraai l  (2  cm x 3.9 mm i.d.1 

guard  column coupled wi th  a UBondapack C 1 8  r e v e r s e  phase column (30 c m  x 

3.9 mm i.d.1. Column e l u a t e s  were m n i t o r e d  f o r  absorbance at 214 nm with  

0.04 absorbance u n i t s  f u l l  scale (AUFS) us ing  a M450 v a r i a b l e  wavelength 

d e t e c t o r .  

A l l  mobile phase s o l u t i o n s  were f i l t e r e d  through a M i l l i p o r e  a l l - g l a s s  

f i l t e r  appara tus  and 0.45 U m  n y l o n 4 6  f i l t e r s  (Rain in  Ins t rument  Co. Inc., 

Woburn, MA). Immediately p r i o r  t o  a n a l y s i s  t h e s e  s o l u t i o n s  were degassed 

wi th  a m d e l  8-524 S o n i f i e r  (Branson Sonic  Power Co., Danbury, CT) under  

vacuum. 

Samples c o n t a i n i n g  50 !.ig of t h e  H-chain p e p t i d e s  (one nM) in 20 u1 

d i s t i l l e d  water ( M i l t i 3  water p u r i f i c a t i o n  system, M i l l i p o r e  Corpora t ion ,  

Bedford, MA) were e l u t e d  a t  2ml/min in a l i n e a r  g r a d i e n t  of 0-50% a c e t o -  

n i t r i l e  increas ing  by l%/min. Pump A conta ined  0.1% TFA ( P i e r c e  Chemical 

Co.. Rockford, IL) i n  water ,  and pump B conta ined  0.075% TFA in a c e t o n i t r i l e  

(Burdick and Jackson L a b o r a t o r i e s ,  Muskegon, MI). 

min t o  r e c o n s t i t u t e  t h e  i n i t i a l  c o n d i t t o n s  was employed. The column was 

r e e q u i l i b r a t e d  f o r  10 min  between each run and t h e  next .  

A r e v e r s e  program of 5 

Determinat ion of amino a c i d  composi t ion 

Amino-terminal a n a l y s i s  was at tempted by t h e  dansyl  c h l o r i d e  nethod 

as descr ibed  by Gray (16) .  

i n  cons tan t  b o i l i n g  H C 1  in f lame-ealed (under  n i t r o g e n )  heavy-wall  i g n i -  

t i o n  tubes.  Amino a c i d  composi t ion a n a l y s e s  of t h e  p e p t i d e s  were performed 

by d e r i v a t i z a t i o n  of hydro l lzed  p e p t i d e s  with o-phtha ld ia ldehyde  (OPA) in 

t h e  presence of P-mercaptoethanol  ( Z - M E )  t o  form a h i g h l y  f l u o r e s c e n t  

s u b s t i t u t e d  i s o i n d o l e  (17) .  

Pept ides  were hydrolysed a t  105OC f o r  24 h 

A Dionex D-300 Amino Acid System (Dionex Corpora t ion ,  Sunnyvale, CA) 

was used f o r  t h e  post-column d e r i v a t i z a t i o n  and a n a l y s i s .  The system was 
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RABBIT HEAVY CHAIN ALLOTYPES 2653 

equipped wi th  a Gi l son  S p e c t r a / g l o  f l u o r o m e t e r  (Gi l son  Medical E l e c t r o n i c s ,  

Middleton,  WI) c o n t a i n i n g  the  OPA e x c i t a t i o n  ( 7 - 6 0 ~ )  and emiss ion  (3-73M) 

f i l t e r s  u o d i f i e d  wi th  a 15 1 f low cell.  The a n a l y z e r  was o p e r a t e d  wi th  a 

s t a i n l e s s  s t e e l  column of DC-5A r e s i n  (4  x 170mm) and sodium c i t ra te  buf-  

f e r s  fo l lowing  s t a n d a r d  s ingle-column mthodology ( b u f f e r  A: 0.2N sodium 

c i t ra te ,  pH 3.25; b u f f e r  B: 0.2N sodium c i t r a t e ,  pH 4.25; b u f f e r  C: 1 . O N  

sodium c i t r a t e  c o n t a i n i n g  0.8N sodium c h l o r i d e ) .  The column was rege-  

n e r a t e d  w i t h  0.2N sodium hydroxide fo l lowing  each run and r e e q u i l i b r a t e d  

wi th  b u f f e r  A p r i o r  t o  next sample i n j e c t i o n .  

Pos t  column r e a c t i o n  of primary and secondary amines was achieved i n  a 

s i n g l e  run by use of a 2-pump/2-reaction c o i l  sys tem (18) .  The secon-  

dary  amino a c i d s  such as p r o l i n e  were d e t e c t e d  a f t e r  r e a c t i o n  wi th  sodium 

h y p o c h l o r i t e  (17) .  

RESULTS AND DISCUSSIONS -- 

The a l l o t y p e s  of t h e  VHa' subgroup are w e l l  c h a r a c t e r i z e d  s e r o l o g i -  

c a l l y  and biochemical ly .  

sequences (compiled i n  r e f .  19) i n d i c a t e  t h a t  t h e  14-16 amino a c i d  d i f -  

f e r e n c e s  t h a t  c o r r e l a t e  with r a b b i t  V H  a l l o t y p i c  de te rminants  a r e  l o c a t e d  

i n  framework one ( F R I )  and framework t h r e e  (FR3) (20). 

The publ i shed  VHa' and t h e  VHa- amino a c i d  

The V H a -  subgroups have a l s o  been s e r o l o g i c a l l y  c h a r a c t e r i z e d  but  have 

not been c o r r e l a t e d  t o  the  few r e p o r t e d  VHa- p r o t e i n  o r  n u c l e i c  a c i d  

sequences (21-22). Thus we are unable  t o  de te rmine  t h e  e v o l u t i o n a r y  rela- 

t i o n s h i p s  between t h e  r a b b i t  VH subgroups o r  t h e i r  r e l a t i o n s h i p  t o  t h e  

e x t e n s i v e l y  s t u d i e d  m r i n e  VH subgroups (9 ) .  

t u r a l  c h a r a c t e r i z a t i o n  of the  VHa subgroup we have i s o l a t e d  a l l o t y p e -  

d e f i n e d  H-chains of t h e  VHY subgroup f o r  p e p t i d e  and amino a c i d  composi t ion 

comparsion t o  VH a l ,  a2, and a 3  H-chains. 

AS a f i r s t  s t e p  i n  t h e  s t r u c -  

P u r i f i e d  H-chains were s u b j e c t e d  t o  t h e  t r y p t i c  d i g e s t i o n  and t h e  

r e s u l t i n g  a l l o t y p e  and subgroup-specif  i c  p e p t i d e s  were analyzed by HPLC. 
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2654 ABOLHASSANI, FIORE, AND ROUX 

We i n i t i a l l y  used a 0.1% or thophosphor ic  a c t d  HPLC b u f f e r  (23); however, 

t h e  high sa l t  concent ra t ion  i n t e r f e r e d  wi th  subsequent  a t tempts  at amino 

a c i d  a n a l y s i s  of i s o l a t e d  pept ides .  Consequent ly ,  t h e  present  pept tde  ana-  

l y s i s  was performed i n  a v o l a t i l e  TFA-based b u f f e r .  It should  be noted 

t h a t  i n  o r d e r  t o  maintain a s t a b l e  b a s e l i n e  a t  h igh  s e n s i t i v i t y ,  we found 

i t  necessary t o  vary t h e  percentage  of TFA (0.075% and 0.1%) between t h e  

two mobile phases. I f  i t  was l e f t  unadjus ted  ( t . e . ,  0.1% TFA i n  both 

mobile phases) ,  t h e  v a r i a b i l i t y  of t h e  r e f r a c t i v e  index w i t h i n  t h e  d e t e c t o r  

f low ce l l  e v e n t u a l l y  forced  t h e  b a s e l i n e  o f f - s c a l e  before  t h e  run was 

complete, The column e f f l u e n t s  were i n i t t a l l y  monitored at 214, 254, and 

280 nm t o  determine t h e  optimum wavelength f o r  p e p t i d e  d e t e c t i o n .  

ing a t  214 nm revea led  t h e  most p e p t i d e s  and t h u s  was used throughout  t h i s  

s tudy .  

Monttor-  

O v e r a l l ,  each H-chain sample y i e l d e d  approximately 40 pept idee .  The 

pept tde  maps f o r  the  two t o  t h r e e  samples r e p r e s e n t t n g  each V H  a l l o t y p e  were 

found t o  be e s s e n t i a l l y  i d e n t i c a l .  The comparison of the  p e p t t d e s  obta lned  

from a l ,  a2, and a3  molecules  r e v e a l s  a unique a l l o t y p e a p e c i f t c  p e p t i d e  f o r  

t h e  a1 H-chain and another  f o r  the  a2 H-chain. In c o n t r a s t ,  no a l l o t y p e -  

s p e c i f i c  pept ides  were d e t e c t e d  f o r  a3 a l l o t y p e  (Fig. 1 ) .  Analys is  of t h e  

y33.30 and y33,-  t r y p t i c  m p s  r e v e a l  a shared y s p e c l f i c  p e p t i d e ,  but no 

p e p t i d e  was found t o  be unique t o  e i t h e r  of t h e  y a l l o t y p e s  (F ig .  2) .  

Also,  no d i f f e r e n c e  was d e t e c t e d  between t h e  p e p t t d e  maps of VHyaUbgrOUp 

H-chains i s o l a t e d  from normal and a l l o t y p e a u p p t e s s e d  r a b b i t s .  

The d i f f e r e n c e s  observed f o r  t h e  VHa' H-chalns are not due t o  t h e  Fc 

fragments  (Fig.  Z ) ,  because Fc fragments  from both t h e  VHa' and V H a -  molecules  

used i n  t h i s  s tudy  express  t h e  same c o n s t a n t  reg ion  a l l o t y p e s  (d12, e15)  

and d i s p l a y  i n d i s t i n g u i s h a b l e  pept tde  maps as previous ly  r e p o r t e d  (24) .  

Thus, t h e  source  of t h e  unique p e p t t d e s  is narrowed t o  the  Fd (VH and CHI) 

reg ion  of t h e  H-chains. S ince  no sequence v a r i a t i o n s  have been found i n  

t h e  cons tan t  region of t h e  Fd fragment (25)  it is concluded t h a t  t h e  

observed p e p t t d e  d i f f e r e n c e s  a r e  l o c a t e d  in t h e  V H  r e g i o n s .  
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a3 

- 

FIGURE 1.  Peptide map chromatogram of VHa a l l o t y p e  heavy chafns ( a l ,  a 2 ,  

a 3 ) .  E l u t i o n  of p e p t i d e s  was ach ieved  i n  50 min a s  descr ibed  i n  

Mater la l s  and Methods. A l l  runs were conducted at room tem- 

perature ,  at wavelength 214 nm. Arrows i n d i c a t e  the  a l l o t y p e -  

s p e c l f  l c  pept ide  ldent  i f  l e d  f o r  each heavy chain.  
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y33,- 

I 

FIGURE 2. Pepttde m p  of VHY al lotype  heavy chains (y33,30, ~ 3 3 . 3  and Fc 

fragment. 

trypsin f o r  16 h a n d  chromatographed under conditions ident ica l  

t o  those described i n  figure 1 .  

Heavy chains and Fc fragment were incubated with 
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RABBIT HEAVY CHAIN ALLOTYPES 2651 

The number of a l l o t y p e  s p e c i f i c  p e p t i d e s  t h a t  we have d e t e c t e d  is 

lower than  t h e  p r e d i c t e d  number of Vil t r y p t i c  p e p t i d e s  in t h o s e  H-chains 

f o r  which a complete o r  p a r t i a l  amino a c i d  sequence is known. A t  least 

t h r e e  s p e c i f i c  t r y p t i c  p e p t i d e s  can be p r e d i c t e d  f o r  t h e  VH framework 

reg ions  of both t h e  a1 and t h e  a2 H-chains as w e l l  as f o r  t h e  pooled (but  

not a l l o t y p e  or s u b g r o u p d e f i n e d )  VHa- H-chains. The incomplete  V H  amino 

a c i d  sequences c u r r e n t l y  a v a i l a b l e  f o r  t h e  a 3  molecule  (18) l e a d  t o  a pre-  

d i c t i o n  of at least one unique p e p t i d e  a t  t h e  N-terminal  of t h e  VH r e g i o n  

( F R I ,  r e s i d u e s  1-13).  These d i s c r e p a n c i e s  may be expla ined  in s e v e r a l  

ways. F i r s t ,  i t  is p o s s i b l e  t h a t  some p e p t i d e s  c o e l u t e  wi th  o t h e r  common 

p e p t i d e s  of t h e  H-chain and a r e  t h u s  undetec tab le .  Second, i t  should  be 

noted t h a t  a l l  of t h e  mpped H-chains were i n t e n t i o n a l l y  d e r i v e d  from nor-  

mal (unimmunized) r a b b i t s .  This  approach was used t o  prec lude  t h e  d e t e c -  

t i o n  of Eragments r e s u l t i n g  from t h e  homogenous h y p e r v a r i a b l e  reg ions .  A s  

a consquence i t  is l i k e l y  t h a t  some o therwise  a l l o t y p e s p e c i f  i c  segments 

extend f o r  var ious  l e n g t h s  into a v a r i e t y  of h y p e r v a r i a b l e  segments. This  

v a r i a b i l i t y  in p e p t i d e  l e n g t h  and composi t ion would r e s u l t  in a l a r g e  

number of very minor (and thus  u n d e t e c t a b l e )  pept  i d e  popula t ions .  

The a v a i l a b l e  d a t a  l o r  FR2 and FR4 sequences f o r  t h e  r a b b i t  I g  r e v e a l  a 

r e l a t i v e l y  i n v a r i a n t  sequence devoid of a l l o t y p i c - r e l a t e d  r e s i d u e s ,  i n d i -  

c a t i n g  t h a t  t h e  s p e c i f i c  pept ides  are mst l i k e l y  der ived  from t h e  FRl and 

t h e  FR3 reg ions .  Amino a c i d  a n a l y s e s  were perPormed t o  l o c a l i z e  mre pre-  

c i s e l y  t h e  p o s i t i o n  of OUT i d e n t i f i e d  a l l o t y p e  and subgroup-spec i f ic  pep- 

t i d e s  w i t h i n  t h e  VH region.  The a l - s p e c i f i c  and y - s p e c i f i c  p e p t i d e s  were 

i s o l a t e d  and f u r t h e r  p u r i f i e d  by HPLC (Fig .  3 ) .  Attempts  were made t o  

de te rmine  t h e  N-terminal  amino a c i d  sequences;  however, because t h e  pep- 

t i d e s  were r e s i s t a n t  t o  sequencing,  we suspec t  t h a t  t h e  fragments  have 

blocked N-terminal  res idues .  S i m i l a r  r e s u l t s  were obta ined  when i n t a c t  H -  

c h a i n s  were ana lyzed ,  Attempts a t  us ing  t h e  enzyme pyroglutamate 

aminopept i d a s e  ( 2 6 )  f o r  deblocking t h e  heavy c h a i n s  were unsuccessfu l .  As 
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2658 ABOLHASSANI, FIORE. AND ROUX 

a1 

i 

y33,30 

F I G U R E  3. Rechromatogram of i s o l a t e d  a l - s p e c i f i c  and y s p e c i f i c  p e p t i d e s .  

The s p e c i f i c  pept ides  ind ica ted  i n  f i g u r e s  1 and 2 were i s o l a t e d  

and rechromatogramed. The major peaks shown above were r e i s o -  

l a t e d  and used €or amino a c i d  composit ion a n a l y s i s .  
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RABBIT HEAVY CHAIN ALLOTYPES 2659 

an a l t e r n a t i v e  t o  sequencing,  we s u b j e c t e d  t h e  a1 - s p e c i f i c  and y - s p e c i f i c  

p e p t i d e s  t o  composi t ional  a n a l y s i s .  

The amino a c i d  composi t ion of t h e  a l - s p e c i f i c  p e p t i d e  was compared t o  

each of t h e  p r e d i c t e d  t r y p t i c  a 1  p e p t i d e s  based on previous ly  r e p o r t e d  

sequences.  The d a t a  (Table  1 )  r e v e a l  t h a t  t h e  amino a c i d  composi t ion of 

t h e  a l - s p e c i f i c  p e p t i d e  c l o s e l y  correspond t o  t h e  p r e d i c t e d  t r y p t i c  a1 pep- 

t i d e  encompassing t h e  f i r s t  10 amino a c i d  r e s i d u e s  of t h e  VHal sequences.  

However, o u r  a l - s p e c i f i c  p e p t i d e  c o n t a i n s  t h r e e  r a t h e r  than t h e  p r e d i c t e d  

two g lu tamic  a c i d  res idues .  This  v a r i a t i o n  in t h e  composi t ion of t h e  

a1 - s p e c i f i c  p e p t i d e  is not en t  i r e l y  unexpected s i n c e  s e v e r a l  s e r o l o g i c a l l y  

d e f i n e d  subpopula t ions  of t h e  a1 molecule  have been d e s c r i b e d  (27) .  

A comparison of t h e  amino a c i d  composi t ion a n a l y s i s  of t h e  y subgroup- 

s p e c i f i c  p e p t i d e s  from the  y33,30 and t h e  ~ 3 3 , -  p e p t i d e s  r e v e a l s  t h a t  each 

c o n t a i n s  i d e n t i c a l  res idues .  This  f i n d i n g  s u g g e s t s  t h a t  a l l o t y p e - r e l a t e d  

d i f f e r e n c e s  d e t e c t e d  in s e r o l o g i c a l  a s s a y s  a r e  l o c a t e d  e l sewhere  i n  t h e  

VH reg ion .  

p e p t i d e  wi th  t h e  prev ious ly  publ i shed  (but  not s e r o l o g i c a l l y  c h a r a c t e r i z e d )  

V H a -  sequences r e v e a l s  c l o s e  s i m i l a r i t y  t o  a p r e d i c t e d  t r y p t i c  p e p t i d e  com- 

posed of t h e  N-terminal 19 r e s i d u e s  of t h e  VH r e g i o n  (Table  I ) .  In a d d i -  

tion, our  y - s p e c i f i c  p e p t i d e  and t h e  publ i shed  V H a -  sequences each have a 

blocked N-terminal  amino a c i d  and a l y s i n e  r e s i d u e  at t h e  C- te rmina l  end of 

t h e  t r y p t i c  pept ide .  We d e t e c t e d  f o u r  g lu tamic  a c i d  r e s i d u e s  in t h e  y- 

s p e c i f i c  pept ide  r a t h e r  than t h e  f t v e  r e s i d u e s  in t h e  r e p o r t e d  sequences.  

The t h r e e  g lu tamic  a c i d  and two glutamine r e s i d u e s  of t h e  publ i shed  

VHa- sequences appear  as g lu tamic  a c i d  under t h e  c o n d i t i o n s  of our  ana ly-  

ses. S i m i l a r l y ,  t h r e e  res idues  of g l y s i n e  are d e t e c t e d  i n s t e a d  of f i v e  

g l y s i n e  res idues .  It should be noted t h a t  one r e s i d u e  of a l a n i n e  is 

obta ined  in t h e  composi t ion of t h e  y - s p e c i f t c  pept ide .  This  amino a c i d  t s  

not present  in t h e  pooled VHa- sequences.  Together ,  t h e s e  d i f f e r e n c e s  

sugges t  t h a t  t h e  i s o l a t e d  VHY molecules  r e p r e s e n t  a def ined  subgroup t h a t  

A comparison of t h e  amino a c i d  composi t ion of t h e  y - s p e c i f i c  
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2660 ABOLHASSANI, FIORE, AND ROUX 

d i f f e r s  from t h e  (one o r  mre) subgroup(s )  r e p r e s e n t e d  in t h e  p r e v i o u s l y  

publ i shed  VHa-  sequences. 

The amino a c i d  sequences der ived  from t h e  sequencing of c loned r a b b i t  

germline DNA (20, 2 2 )  i n d i c a t e  t h a t  a t  least seven of t h e  f i r s t  19 r e s i d u e s  

of PR1 ( p o s i t i o n s  5, 6 ,  8, 11, 13,  1 5  and 16)  do not correspond with pre-  

v ious ly  publ ished amino a c i d  sequences of t h e  VHa- molecules .  These d a t a  

f u r t h e r  suggest  t h e  e x i s t e n c e  of subpopula t ions  (subgroups of V H a -  molecules) .  

P o s i t i o n s  5, 8 ,  13,  and 16 have been previous ly  shown t o  be c o r r e l a t e d  wi th  

d i f f e r e n c e s  among the  t h r e e  V H a  a l l o t y p e s  as w e l l  (28). 

sequence s t u d i e s  on H-chains of VHW, VHX, and VHY w i l l  be r e q u i r e d  t o  e l u c i -  

d a t e  f u l l y  t h e  s t r u c t u r a l  c o r r e l a t e s  of these  s e r o l o g i c a l l y  def ined  

subgroups. 

Thus, a d d t t i o n a l  

TABLE 1 

Amino Acid Compositions of P e p t i d e s  S p e c i f i c  f o r  a l ,  y33,30, and :33 , -  * 

Trypt  i c  Pept i d e s  

amino p r e d i c t e d  y33,30 Y33, - p r e d i c t e d  a 1  a 1  
a c i d s  vHa- 1 s t  composi t ion composi t ion 1 s t  10 aa  composi t ion 

19 aa - 

ASP 
Thr - 
Ser  2.0 
Clu $ 5.0 
G l Y  5.0 
Ala 
Val 1 .o 
Met 
I l e  
Leu 3.0 
Art3 
LY 8 1.0 
TY r 
Phe 
Y i s  
Pro 1 .o 
CY 

- 

- 
- 
- 
- 
- - 
- 
- 

0.4 

2.2 
3.8 
2.9 
0.9 
1 .o 

- 

- 
- 
2.8 

1 .0 
- 
- - 
- 
1 .o - 

0.4 

2 . 1  
4.3 
2.8 
1 .o 
1.5 

- 

- - 
2.9 

1 .o 
- 
- 

- 
2.0 
2.0 
2.0 

1 .o 
- 
- - 
I/ 
1 .o - 

0.1 

2.0 
3.0 
2.2 
0.3 
1.2 

- 

- 
- 
0.3 
1 .o - 

- - Tip ND ND ND * 
# l e u  and Val a t  p o s i t i o n  4 a r e  in te rchangeable .  

composi t ions are g iven  as res idues /molecule  of pept ide .  

$ 
N D  no t  determined. 

glutamine was determined as i ts  r e s p e c t i v e  ac id .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
2
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



RABBIT HEAVY CHAIN ALLOTYPES 2661 

T h i s  work was suppor ted  by N I H  Grant AI16596. Send correspondence t o  

K. H. Roux. Present  address  of M. Abolhassani :  Department of Large Animal 

Medicine, U n i v e r s i t y  of Georgia ,  Athens,  GA 30605. 

REFERENCES 

1. 

2 .  

3. 

4. 

5. 

6 .  

7. 

8. 

9. 

10. 

1 1 .  

12. 

13. 

Gi lmanSachs ,  A., Horng, W.J., and Dray, S., Immunoregulation of 
r a b b i t  immunoglobulin a l l o t y p e s  through an a l l o t y p e - i d i o t y p e  network, 
Surv. Immunol. Res., 2, 351, 1983. 

Metzger, D. W., Regulat ion of r a b b t t  a l l o t y p e s .  A comparison with 
murine i d i o t y p e  and a l l o t y p e  system, Surv. Immunol. Res., 2, 360, 
1983. 

Oudin, J . ,  "Al lo typie"  de c e r t a i n e s  a n t  i g h e s  prote ' iques du &rum, 
C. R. Acad. Scf . ,  242, 2606, 1956. 

Mage, R.G., Lieberman, R.,  P o r t e r ,  M., and T e r r y ,  W.D.. The Antigen,  
Vol. l . ,  Sela .  M. ,  ed . ,  New York, 1973, 229. 

Knight, K.L., Gilman-Sachs, A. ,  F i e l d s ,  R.,  and Dray, S . ,  A l l o t y p i c  
de te rminants  of t h e  Fab fragment of r a b b i t  Aa locus  n e g a t i v e  IgG 
immunoglobulins, J. Immunol., 106, 761, 1971. 

K i m ,  B.S., and Dray, S., I d e n t i f i c a t t o n  and g e n e t i c  c o n t r o l  of a l l o -  
t y p i c  s p e c i f i c i t i e s  of two v a r i a b l e  region subgroups of r a b b i t  
Immunoglobulin heavy cha ins ,  Eur. J. Immunology, 2, 509, 1971. 

Roux, K.H.,  Gi lmanSachs ,  A., and Dray, S . ,  The i d e n t i f i c a t i o n  of a 
V H  subgroup a l l o t y p i c  s p e c i f i c i t y ,  y30, which d i f f e r e n t i a t e s  t h e  y33 
a l l e l e  i n t o  two v a r i a n t s .  I m p l i c a t i o n s  f o r  r a b b i t  V H  gene  organiza-  
t i o n  and e v o l u t i o n ,  Mol. Immunology, g, 359, 1981. 

Roux, K.H., A f o u r t h  heavy c h a i n  v a r i a b l e  r e g i o n  subgroup,  w, wi th  2 
v a r i a n t s  def ined  by an induced a u t o a n t i s e r u m  i n  t h e  r a b b i t ,  J. 
Immunology, 127, 626, 1981. 

Brodeur, P.H. and R i b l e t ,  R.,  The immunoglobulin heavy c h a i n  v a r i a b l e  
reg ion  ( I g h Y )  locus i n  t h e  muse.  I. One hundred I g h Y  genes  comprise 
seven f a m i l i e s  of homologous genes,  Eur. J. Immunol., 14, 922, 1984. 

Horng, W.J., Gilman-Sachs, A., Roux, K.H.,  Mal tnaro,  G.A., and Dray, 
S . ,  A n t t a n t i b o d y  t o  an IgVH r e g i o n  a l l o t y p e :  i n d u c t i o n  of a n t i a l  
a n t i b o d i e s  i n  a l s u p p r e s s e d  5'~' heterozygous r a b b i t ,  J. Immunol., 
- 119, 1560, 1977. 

Levy, H.B., and Sober ,  H.A., A s imple chromatographic  method f o r  pre-  
p a r a t i o n  of gamma g l o b u l i n ,  Proc. SOC. Exp. B io l .  Med, 103, 250, 
1960. 

Fleischman, J .B. ,  P o r t e r ,  R.R., and P r e s s ,  E.M., The arrangement of 
t h e  p e p t i d e  cha ins  i n  y - g l o b u l i n ,  Biochem. J . ,  E, 220, 1963. 

Gilman, A.M.. Niaonoff ,  A., and Dray, S . ,  Symmetrical d i s t r i b u t t o n  of 
g e n e t i c  m r k e r s  i n  i n d i v i d u a l  r a b b i t  y - g l o b u l i n  molecules ,  J. 
Immunochem., 1, 109, 1964. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
2
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



2662 ABOLHASSANI, FIORE, AND ROUX 

14. 

15. 

16. 

17 .  

18. 

19. 

20. 

21.  

Moss, B.A., P e p t t d e  mapping a t  t h e  nanomole l e v e l .  in :  Immunological 
methods, L e f k o v i t s ,  I. and P e r n i s ,  B.. eds .  p. 6 9 ,  Academic P r e s s ,  New 
York, 1979. 

Fullmer, C.S., and Wasserman, R . H . ,  A n a l y t i c a l  p e p t i d e  mapping by 
h igh  performance l i q u i d  chromatography. A p p l i c a t i o n  t o  i n c e s t  i n a l  
calcium-binding p r o t e i n s ,  J. Biol .  Chem., 254, 7208, 1979. 

Gray, W.R., Sequence a n a l y s i s  with dansyl  c h l o r i d e ,  Methods Enzymol., 
- 25, 333, 1972. 

Roth, M., F luorescence r e a c t i o n  f o r  amino a c i d s ,  Anal. Chem., 43, 
880, 1971. 

Bohlen, P., and Mellet, M., Automated f l u o r o m e t r i c  amino a c i d  
a n a l y s i s :  t h e  de te rmina t ton  of p r o l i n e  and hydroxprol ine ,  Anal. 
Biochem., 96, 313, 1979. 

Kabat, E.A., Wu, T.T., B i lofsky ,  H., Reid-MilLer ,  M. ,  and Per ry ,  H., 
Sequences of p r o t e i n s  of immunological i n t e r e s t ,  US k p t .  of Heal th  
and Human S e r v i c e s ,  OHS, N I H ,  1983. 

Mage, R.G., Berns te in ,  K.E., McCartney-Francis, N . ,  Alexander, C.B.,  
YoungXooper, G.O., Padlan,  E.A., and Cohen, G.H., The s t r u c t u r e  and 
g e n e t i c  b a s i s  f o r  express ion  of normal and l a t e n t  VHa a l l o t y p e s  of 
t h e  r a b b i t ,  Molec. Immunol., 2, 1067, 1984. 

Berns te in ,  K.E., Alexander, C.B., and Mage, R.G., Germline V H  genes i n  
an a3 r a b b i t  not t y p i c a l  of any one V H a  a l l o t y p e ,  J. Immunoli, 134, 
3480, 1985. 

22 .  Las te r ,  S.M., McCormack, T.M., Marz luf f ,  W.T., and Roux, K.H., 
Nucleot i d e  sequence a n a l y s i s  and evolu t  tonary s i g n i f i c a n c e  of V H  
genes of the  r a b b i t  V H I L K  subgroup, Advances i n  Gene Technol . ,  2, 219, 
1985. 

23. Abolhassani ,  M. ,  and Roux, K.H., Comparat i v e  t r y p t  t c  a n a l y s i s  of 
s e r o l o g i c a l l y d e f  tned r a b b t t  heavy cha ins  of t h e  5 and y subgroups,  
Fed. Proc . ,  290, 1982. 

24. Small, P.A., R e i s f e l d ,  R.A., and Dray, S., P e p t i d e  maps of r a b b i t  
y-Immunoglobulin heavy cha ins  c o n t r o l l e d  by a l l e l i c  genes,  .J. Mol. 
Biol . ,  la, 328-336, 1966. 

25. Mole, L.E., Jackson ,  S.A., P o r t e r ,  R.R., and Wilkinson,  J . M . ,  
A l l o t y p i c a l l y  r e l a t e d  sequences i n  t h e  Fd fragment of r a b b i t  immu- 
noglobul in  heavy cha ins ,  Biochem. J . ,  124. 301, 1971. 

26. Podel l ,  D.N., and Abraham, G.N., A technique  f o r  t h e  removal of 
pyroglutamic a c i d  from t h e  amino terminus of p r o t e i n s  us ing  c a l f  
l i v e r  pyroglutamate amino pept ldase ,  Biochem. Biophys. Res. Commun., 
- 81, 176, 1978. 

27.  Horng, W.J., Knight ,  K.L., and Dray, S., Heavy cha in  v a r i a h l e  region 
a l l o t y p i c  sub s p e c i f t c i t i e s  of r a b b i t  Immunoglobulins. I. 
l d e n t  i f  i c a t  ton of t h r e e  subpopulat  tons of a1 IgG molecules ,  J. 
Immunol. 116, 117, 1976. 

28. Johnston,  A.P., Thunberg, A.L., and Kindt ,  T.J..  Homogeneous r a b b i t  
Immunoglobulin lack ing  group a a l l o t y p e s :  
sis of t h e  heavy cha in ,  Biochemistry,  17, 1337, 1978. 

Amino a c i d  sequence ana ly-  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
2
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


