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ABSTRACT 

CHARACTERIZATION OF FIBROBLASTS WITH A UN IQUE DEFECT IN PROCESS ING 
ANTIGENS WITH DISULFIDE BONDS 

B r i an J .  Merke l ,  B . A .  

A d i s sertat ion submi t t e d  in  part i a l  fu l f i l lment o f  t h e  requ i rement s for 
the degree o f  Doctor o f  Phi losophy at Virginia Commonw e a l t h  Univers i ty .  

virginia Commonwea l t h  Un ivers i t y ,  1 9 9 4 

Maj or D i rector : Kathleen L .  McCoy , Ph . D .  As s o c i a t e  Pro f e s sor 
Department of Mi crob io logy and Immuno logy 

A Chine s e  hams t e r  ovary ( CHO)  f ibrob l a s t , t rans fected w i t h  mur i n e  

ma j or h i s t ocompat ib i l ity comp l ex ( MHC ) c l a s s  I I  gene s , ine f f i c i e n t l y  

s t imu l ated CD4· T h  c e l l s  spec i f i c  for ova lbumin ( OVA) , h e n  e g g  lysozyme 

( HEL)  , and pork insu l i :! which cont a i n  d i s u l f ide bonds . Howeve r , the  

f ibrob l a s t s  e l i c i t ed a T cell  response t o  A - repre s sor , which l acks  

d i s u l f ide bonds , and e f f i c i ent ly pres ent ed synthe t i c  pept ides . A s oma t i c  

c e l l  hybrid WALC , generated by fus ing t h e  hams t e r  f ibrob l a s t  w i t h  a 

mur i ne L c e l l  f ibrob l a s t , very e f f i c i ent ly proce s s ed OVA and HEL , 

s ug ge s t i n g  t h a t  i m p a i r e d  p r o c e s s i n g  w a s  g e n e t i c a l l y 

comp l ement ed , sugge s t ing that the proc e s s ing defect  i s  a rece s s ive t r a i t . 

Thre e  d i s t inct proc e s sing phenotyp e s  were ob s e rved among twenty - e ight 

hyb r i d  c l ones analyz ed for the i r  ab i l ity t o  proc e s s  a subopt imal 

concent rat ion of OVA sugge s t ing that a l im i t e d  number o f  genes med i a t e s  

t h e  de fect o f  WAB4 c e l l s . The hams t e r  f ibrob l a s t s  were capab l e  o f  

proc e s s ing t w o  d i s t inct denatured forms o f  OVA and carboxymet hy l a t ed HEL 

e i t her as e f fect ively or more e f f i c i ent ly t han a B lymphoma ce l l . The 

CHO c e l l s  a l s o  d i s p l ayed dimi n i s hed d i s u l f i de reduct ion o f  an endocyto s e d  

conj ugate cons i s t ing o f  "'I - tyramine l inked t o  p o l y - ( D - lys ine ) through a 



x 

d i s u l f ide spacer compared w i t h  that of the c e l l  hybr i d ,  prov i d i ng d i r e c t  

evidence for defect ive reduct ive c l e avage b y  t h e  CHO c e l l s . D imini s hed 

aspart ic a c i d - mediated proteo lys i s  of Ag cou ld not ac count for the 

phenotype , becau s e  cell  lys a t e s  and s eparated organe l l e s  from the 

f ibrob l a s t  pos s e s s ed higher a c i d i c  aspartyl proteo lyt i c  act ivi ty t han 

lys a t e s  and organe l l e s  from a B lymphoma ce l l . The WAB4 c e l l s  had norma l 

intrac e l lular l eve l s  of cys t e ine , however they pos s e s sed dimini s hed 

l eve l s  of intrace l lular glutath ione ( GSH ) . But h i on i ne sul foximine ( BS O ) 

mediated reduct ion of intrace l lular l eve l s  of GSH decreased the ab i l i ty 

of the hybrid l i ne WALC to process  HEL . Conve r s e l y ,  t reatment of WAB4 

c e l l s  with N-acetyl cys t e ine increased the i r  e f f i c i ency in the proc e s s ing 

of HEL . The s e  f i nd i ngs indicate  that the intrace l lu l ar l eve l o f  GSH 

inf luences the capac i ty of c e l l s  to pro c e s s  ant igens w i t h  d i s u l f i de 

bonds . Thus , the ant igen pro c e s s ing de fect exh i b i t e d  by t rans f e c t e d  CHO 

c e l l s  is probably caused by the i r  imp a i red ab i l i ty to reduce d i s u l f ide 

bonds wh ich may be r e l ated to the dimi n i s hed intrace l lular GSH leve l . 



INTRODUCTION 

Cell-mediated immun i ty 

Cel l - mediated immuni ty cons i s t s  of T lymphocyt e s  which are a group 

of spec i a l i zed c e l l s  capab l e  of recogn i z ing s igna l s  in  the form o f  

pathogen -der ived pept ide fragment s a s s o c i ated wi t h  mo l e cu l e s  o f  the ma j or 

h i s t ocompat i b i l ity comp l ex ( MHC ) that are d i s p l ayed on the surface o f  

ant igen-pres ent ing c e l l s  ( reviewed in 1 ) . Th i s  i s  t h e  bas i s  f o r  

intracel lular pathogen de t e c t ion . The compet ency wi th wh ich T c e l l s  

re spond t o  intrace l lu l a r  pathogens res ides in t h e  dua l  spe c i f i c ity o f  the 

T cell  receptor ( TCR ) composed of an a� het erodime r , which i s  d i s t inct 

from that of B ce l l  ant ibody - mediated recogn i t ion o f  extrac e l lu l a r  

intruders . 

T c e l l s  can be divided into two ma in sub s e t s  b a s ed on expr e s s ion o f  

e i ther CD4 or CDB a c c e s sory mo lecules  ( reviewed in  2 ) . Tho s e  T c e l l s  

expre s s ing CD4 are c a l l ed helper/ inducer T ce l l s  ( Th )  becau s e  t hey 

typ i c a l ly provide pos i t ive s i gna l s  in the form of secreted lymphoki ne , 

wh ich s e rve to fac i l i t ate the d i f ferent iat ion of B c e l l s  into ant ibody

s e cret ing p l asma c e l l s . CD4' Th c e l l s  are spec i f i c  for or r e s t r i c t ed t o  

comp l exes cons i s t ing o f  MHC c l a s s  I I  mo l e c u l e s  and ant igenic pept ide 

d i s p l ayed on the surface o f  ant igen -pres ent ing c e l l s  (APC ) . The Th c e l l s  

exi s t  i n  t wo sub s e t s  s eparat ed o n  the bas i s  o f  d i f f e r ing p a t t e rn s  o f  

lymphokine s e cret ion . The Th2 sub s e t  are those T ce l l s  whi c h  provide 

s i gna l s , in the form of int e r l euki n - 4  and int e r l eukin - 5 ,  t o  B c e l l s . By 

cont ras t ,  the Th 1 sub s e t  of c e l l s  secret e , among others , i nt e r l eukin-2 

( IL- 2 )  and T - interferon which culmina t e s  in de l ayed - typ e  hyp e r s ens i t ivity 

re spons e s . Thos e  T c e l l s  expre s s ing CDB access ory mo l e c u l e s  typ i ca l ly 

1 
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func t i on as cytotoxic c e l l s . The s e  act ivated c e l l s  lys e t arget c e l l s  by 

direct cont act.  CDS'  T c e l l s  are r e s t r i cted to comp l exes o f  MHC c l a s s  I 

mo lecu l e s  and s t imu l a tory pept ides exp r e s s e d  by APC . What rema ins 

cont rovers i a l  i s  the exi s t ence o f  a d i s t inct l ineage of CDS'  T ce l l s  

c a l l ed suppressor c e l l s  ( T, ) . I t  has been app r e c i a t e d  that T ce l l s  

downregu l a t e  the act ion o f  B c e l l s  and other T ce l l s  v i a  lymphokine 

s ecret ion . However , the inab i l i ty t o  generate long - t erm c l oned l i nes o f  

T ,  c e l l s  h a s  made the i d e a  o f  a d i s t inct l i ne age o f  suppr e s s o r  T c e l l s  

improbab l e  i f  not impo s s ib l e  . 

Molecules of the major histocompa t ib i l i ty comp lex ( MHC )  

The MHC was f i r s t  d i s cove red by immuno log i s t s  i nve s t igat i ng t i s sue 

r e j ect ion b i o l ogy ( reviewed in 3 ) . For every vertebrate spe c i e s  s t u d i e d  

to dat e , o n e  s e t  of c l o s e ly l i nked g e n e s  d i c t a t e s  whether or n o t  t i s su e s  

t ransp lanted between individu a l s  of the s ame spe c i e s  are r e j e c t e d  ( 4 ) . 

The predominant role  of a s ingle locus in t i s sue compa t ib i l i ty l e d  to the 

t e rminol ogy of ma j or h i s t ocompat ib i l i ty comp l ex . Genet i c  factors  

cont ro l l ing T ce l l - dependant immune re spons ivene s s  was l a t e r  mapped t o  

t h e  ma j or h i s t ocompat ib i l i ty locus ( 5 ,  6 ) . C l ear ly , MHC - encoded gene 

produc t s  are invo lved in a var i e ty of T c e l l -dependent immune re spons e s  

inc luding , but not l imited t o , graft rej ect ion , immune respons ivene s s , 

and r e s t r i c t ion of immune re spons e s . 

Mos t  of the immuno logic propert i e s  ascr ibed to MHC are gene t i c a l ly 

d i s t ingu i shab l e  and map to d i f ferent gene t i c  regi ons . The produc t s  

encoded by MHC c l a s s  I and c l a s s  I I  genes are highly po lymorph i c . MHC 

C l a s s  I prot eins  cons i s t  of a 45 ki l odalton ( kd )  MHC - encoded heavy c h a i n  

a n d  a 1 2  kd non -MHC encoded bet a - 2  mi croglobu l i n  ( �2m ) . M H C  C l a s s  I I  

prot e i ns are het erodimers cons i s t i ng o f  two MHC - encoded glycopro t e ins 

which are noncova l ent ly a s s o c i ated w i t h  one another . The a ·:h a i n  has a 

mo lecular w e i ght of 3 3  kd , and the � chain has a mo l e cular w�ight of 2 9  

kd . MHC c l a s s  I prot e ins are pres ent on the surface o f  nearly a l l  
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nuc l e ated ce l l s , whereas the c l a s s  I I  coun t e rpart s are found on a l im i t e d  

number of c e l l  typ e s  such as B ce l l s , dendr i t i c  c e l l s , a n d  t h e  

macrophage s ( 1 ) . 

X - ray crys t a l l ographi c  ana lys i s  has been conducted on both MHC c l a s s  

and c l a s s  I I  prote ins . Figure 1 shows t h e  pept ide - b i nding groove o f  

t h e  human HLA-A2 c l a s s  I mo l e cu l e  ( 7 ) . The d i s t a l  a 1  and a2 doma ins o f  

t h e  HLA-A2 c l a s s  I mo lecu l e  a r e  arranged i n t o  e i ght ant ipara l l e l  {3 -

s t rands as t h e  f l oor o f  t h e  groove and two a he l i c e s  as the s i d e s  o r  

wal l s  of t h e  groove . Binding of pept ide to MHC c l a s s  I mo l e cu l e s  

invo lves interact ions between c l u s t ered r e s idues a t  the ends o f  the  

binding groove and the free NH,  and COOH group s o f  the pept ide ( 8 ,  9 ) . 

The s e  interact ions l imit the l ength of pept ides in a range of 8 - 1 0  amino 

acid res idu e s  capab l e  o f  b i nding c l a s s  I mo l e cu l e s  ( 1 0 ) . The s ame v i e w  

of MHC c l a s s  I I  ( 1 1 )  i s  shown in  Figure 2 .  S i m i l a r  t o  c l a s s  I ,  t h e  

b i nding pocket of MHC c l a s s  I I  cons i s t s  o f  a f loor o f  e i ght s t rands o f  

{3 - sheet and t w o  he l i c a l  wa l l s . Although t h e  s t ructure o f  t h e  groove i s  

extraordinar i ly s imi l ar ,  the b i nding o f  pept ides t o  MHC c l a s s  I I  

mo l e c u l e s  invo lves ma in cha in atoms i n  pept ide s , not the t erminal group s . 

Addit iona l ly ,  the ends of the groove are more open such t hat pept i d e s  can 

ext end beyond the peptide groove ( 1 1 ) . The net resu l t  o f  t he s e  

di spar i t i e s  i s  that MHC c l a s s  I I  pept ides a r e  more heterogeneous in  s i z e , 

ranging from 1 2  to 2 4  amino acid r e s i dues ( 1 2 - 1 4 )  and even who l e  prot e i ns 

w i t h  appropr i a t e ly ext ended regions can b ind ( 1 5 ) , 

T c e l l  recogn i t ion o f  pep t i de and MHC 

Ant i gen re cogn i t ion by T c e l l s  i s  med iated by the coop e r a t ive 

interac t i ons o f  the TCR/CD3 comp l ex and the acces sory s t ructures CD4 on 

� ce l l s  or CD8 on cytotoxic T c e l l s  ( reviewed in  1 6 ) . As s hown in 

F igure 3 ,  the ant igen b i nding receptor o f  T c e l l s  is a mu l t i c h a i n  

s t ructure comp r i s ed o f  a d i s u l f i de - l inked a/{3 heterodimer that i s  

noncoval ent ly a s s o c i ated w i t h  the CD3 comp l ex . The CD3 comp l ex i s  made 
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F i gure 1 .  pept ide - b i nding groove o f  the human HLA-A2 c l a s s  I mo l e cu l e . 
Thi s i l lus trat i on dep i c t s  the top view of the d i s t a l  port ion of the HLA
A2 c l a s s  I mo l e c u l e  which i l lustrates  the e i ght s t rands of ant ipara l e l l  
� - sheet a s  the f loor o f  the pocket and the two a he l i c a l  wal l s . Thi s  
di agram was prepared f rom B j orkman e t  a l  ( 7 ) . 
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Figure 2 .  Pept ide - b inding groove of the human HLA- DRI c l a s s  I I  mo l e cu l e . 
Th i s  repre sentation dep i c t s  the a l  and � l  doma ins of c l a s s  I I  mo l e cu l e . 
po lymorph ic po s i t ions are dep i ct ed by dark c i r c l e s . Amino-a c i d  res idu e s  
are indicated b y  o n e  l e t ter code . T h e  f loor o f  the c l a s s  I I  pept ide 
b i nding groove cons i s t s  of e ight ant ipara l l e l  � - sheet and the wa l l s  o f  
the groove cons i s t  of t w o  a - he l i c i e s . Thi s  sketch was obt a i ned by Brown 
et al  ( 1 1 ) . 
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F i gure 3 .  S chemat i c  i l lust rat ion of APC - mediated Th c e l l  act ivat ion . 
The a� hete rodimer of MHC c l a s s  I I  mo l e cu l e s  comp l ex w i t h  s t imu l at o ry 
pept ide fragment s and are d i s p l ayed at the APC surface to CD4'  Th c e l l s . 
Recogn i t ion of comp l exes of pept ide and MHC c l a s s  I I  mo l e cu l e s  by Th 
c e l l s  is mediated by the TCR a� heterodime r . CD4 mo l e cu l e  s e rves as a 
co - receptor and recogn i z e s  a nonpo l yrnorphi c  region of the MHC cla s s  I I  
mo lecu l e . Occupancy o f  the TCR i s  then converted into a s i gna l that i s  
transduced t hrough the CD3 comp l ex ( 1 6 ) . 
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up o f  T dimer , 0, and E, cha ins and e i ther z e t a  homodimers o r  z e t a / e t a  

heterodimers . 

The TCR has two funct i ons in ant igen - induced act ivat ion of T c e l l s . 

The f i r s t  invo lves the b inding of MHC and pept ide by the TCR . The s econd 

one i s  the convers ion o f  the b i nding event into a s i gnal that i s  then 

t ransduced intrace l lu l a r ly . 

CD4 and CDS mo l e cu l e s  s e rve as co - receptors and b ind to nonpo lymorp h i c  

regions of MHC c l a s s  I I  a n d  c l a s s  I mo l e cu l e s , respect ive ly . The co

receptors enhanc e the avi d i ty o f  the T-c e l l  pres ent ing c e l l  intera c t ion 

and a l s o  have an import ant ro l e  in  the s i gna l t ransduct i on pathway . Th i s  

s e r i e s  o f  b i nding event s culminat e s  in t h e  act ivat ion o f  t h e  T c e l l s  t o  

b ecome e f f ector ce l l s . 

MHC c l a s s  I presentation 

MHC c l a s s  I pro t e ins b i nd pept ides der ived f rom prot e i n  w i t h i n  t he 

cytop lasm whereas c l a s s  I I  prot e ins b i nd prot e i n  f ragment s obt a i ned 

within the endocyt i c  rout e . Evidence support ing the ro l e  of MHC c l a s s  

I pro t e ins in the present at ion o f  cytop lasmic pept ides w a s  f i r s t  repor t e d  

b y  Townsend et a l  ( 1 7 ) . They ident i f ied nuc lear v i r a l  pro t e i n s  as the  

targe t s  of CDS " cytotox i c  c e l l s . In add i t i on ,  t hey demon s t r a t e d  that 

pept ide fragments cou l d  sub s t i tute  for the intact prot e i n . Endogenous 

synthe s i s  o f  viral gene produ c t s  and not the i r  uptake by the endocyt i c  

route supported MHC c l a s s  I - mediated act ivat ion o f  CDS " T c e l l s  ( l S ) . 

Moore et a l . ,  and Yewde l l  et a l . ,  ( 1 9 ,  2 0 )  demons trated that �1HC c l a s s  

I present a t i on of pept ides derived f rom exogenous ant i gem; requ i red 

del ivery to the cytop l asm . F i na l ly ,  the maj o r i ty of peptides  e lu t e d  f rom 

c l a s s  I mo l e c u l e s  are der ived f rom nuc lear and cytop l as m i c  prot e ins ( 2 1 ) . 

A ma j or s t r ide in the unde r s t anding of the mechan i s m  of the MHC c l a s s  

I presentat ion pat hway came f rom s tudies ut i l i z ing mut ant c e l ls d e f e c t ive 

in c l a s s  I heavy chain - �2 m  a s s emb ly in t he endop l a s m i c  ret i cu lum ( ER ) . 

Add i t ion of pept ide to t h e s e  c e l l s  increas e s  the i r  MHC c l a s s  I 



expre s s ion .  
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The enhanced expr e s s ion i s  a t t r ibutab l e  t o  p e p t i d e  

s t ab i l i z a t ion of conformat i ona l ly correct M H C  c l a s s  I - �2m comp l ex e s  ( 2 2 ) . 

A vas t  amount of evidence sugge s t e d  that the mut ant phenotype i s  the 

r e s u l t  of a def i c i ent pept ide supp ly in the ER . Subs equent s t u d i e s  

determined t hat two c l o s e ly l i nked gene s i dent i f i e d  i n  t h e  M H C  c l a s s  I I  

region o f  the MHC encoded pro t e ins homo l ogous t o  t ransport ers  i n  the ATP 

b i nding c a s s e t t e  fami ly ( 2 3 ) . The s e  prote ins form a heterodimer r e f e rred 

t o  as t ransporter a s s o c i ated w i t h  ant igen proc e s s i ng ( TAP ) and are 

res ident l argely within the ER and c i s - Go l g i  membrane s .  Trans f e r  o f  IEn 

genes into the mutant c e l l s  res tored MHC c l a s s  I expr e s s ion ( 2 4 ) . I n  

add i tion , TAP i s  respons i b l e  f o r  ATP - dependant t ransport of pept ides  f rom 

the cytop lasm into the ER ( 2 5 , 2 6 ) . There fore , the cyt op l a s m i c  pool  o f  

pept ides i s  s hut t led i n t o  t h e  MHC c l a s s  I cont a i n i ng - lumen o f  the  ER by 

the TAP heterodimer . Sub s e quent l y ,  the pept ides b i nd MHC c l a s s  I 

mo l e c u l e s  in the ER , and the i s  then directed to the ce l l  surface where 

i t  can then be recogn i z ed by CDS >  cytotoxic T ce l l s . 

One obvious que s t ion 

cyt op l asm? Cyt op l asmic 

i s  how are the pept ides generated i n  the 

prot e i n  turnover i s  ma inly hand l e d  by 

proteasomes , mu l t icat alyt i c  prot ease  a s s emb l i e s  ( 2 7 ) . Stud i e s  have 

demons t rated that agent s capab l e  of inhib i t i ng proteasome func t i o n  i n  

intact c e l l s  great ly reduces t h e  ab i l i ty of c e l l s  to degrade c e l l u l a r  

prote ins and produce pept ides capab l e  o f  b i ndi ng c l a s s  I mo l e cu l e s  (2 8 ). 

A sub s e t  of prot easome cont a i ns two low mo lecular weight prot e i ns ( LM P )  

encoded by t h e  MHC adj acent t o  t h e  IEn gene s t e rmed LMP - 2  and LMP - 7 . 

The s e  subun i t s  have been s hown to a l t e r  c l eavage patt ern of s ub s t ra t e s  

b y  t h e  prot e a s ome comp l ex ( 2 9 , 3 0 ) . Ce l l s  f rom m i c e  pos s e s s ing a 

targeted de l e t ion of the gene encoding Lmp- 7 have reduced l eve l s  of MHC 

c l a s s  I mo l e c u l e s  and are de f i c i ent in pres ent i ng endogenous Ag ( 3 1 ) . 

Add i t ion of peptldes to spl enocyt es  de f i c i ent in LMP - 7  r e s t o r e d  norma l 

levels of cla s s  I expre s s ion . The aforement i oned work has come under 
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cha l l enge by data obt a ined w i t h  other c e l l  l ines  mut a t e d  t o  b e  de f i c i ent 

in LMP - 2  and LMP - 7 . The s e  ce l l s  are capab l e  of proce s s i ng Ag and 

de l ivering pept ides to the ER lumen for a s s o c i at ion w i t h  MHC c l a s s  I 

mo l e c u l e s  ( 3 2 ,  3 3 ) . The conf l i ct ing data may be exp l a ined in part , by 

the d i s tinct methods for the deve lopment of t he s e  LMP subunit de f i c i ent 

c e l l s . Though the mechan i s m  of MHC class I pres ent at ion o f  endogenous ly

der ived pept ides is now f a i r ly we l l  unde r s t ood , the s ame doe s  not app ly 

to presentat ion of pept ides der ived from exogenou s sourc es . 

MHC c l a s s  II pre s entation 

Although MHC c l a s s  I I  mo l e c u l e s  are a l s o  a s s e mbl e d  in the ER , t he i r  

acqu i s i t ion of pept ides by MHC c l a s s  I I  mo l e cu l e s  does not occur w i t h i n  

the E R  but in a n  a c i d i c  compartment . F igure 4 dep i c t s  a mod e l  

i l l u s t rat i ng key aspects  of t h e  MHC c l a s s  I I  pro c e s s i ng pat hway . The 

d i f ferenc e s  in pept ide acqu i s i t ion by MHC c l a s s  I and c l a s s  II mo l e cu l e s  

i s  thought t o  invo lve di spar i t i e s  in prot e i n  a s s emb ly .  As semb ly o f  MHC 

c l a s s  II mo l ecules  i n  the ER i nvo lves a s s o c i at i on o f  a nonpo lymorph i c , 

non - MHC- encoded pro t e i n  t e rmed inva r i ant cha i n  ( I i )  which may s e rve t o  

prevent b i nd i ng of endogenous ly-der ived pept ides b y  c l a s s  I I  mo l e cu l e s . 

I i  cha in is a type I I  int egra l membrane prot e i n  ( 3 4 ) . A great d e a l  o f  

work has focused o n  t h e  import ance o f  I i  cha i n  t o  t h i s  par t i c u l ar 

proc e s s ing pathway . Alt hough f ibrob l a s t s  and mut ant B c e l l s  wh i c h  

expr e s s  c l a s s  I I  mo l e c u l e s  b u t  l ack i nva r i ant cha i n  a r e  capab l e  o f  

act iva t i ng T c e l l s , t h e  f ibrob l a s t s  ( 3 5 ,  3 6 )  and B c e l l s  ( 3 7 ,  3 8 )  have 

imp a i red a s s emb ly ,  t rans i t ion and s t ab i l ity of the a and � dimers . I t  

i s  import ant to not e  that ( 1 )  MHC c l a s s  I I  mo l e cu l e s  expre s s ed b y  t he s e  

c e l l s  resemble the MHC c l a s s  I mo l e cu l e s  devo id o f  pept ide expr e s s ed by 

the c e l l s  de f i c i ent in TAP . 

Another funct ion a t t r ibut ed to I i  cha i n  has been one of ma i nt a i n i ng 

the d i s t inct ion between the MHC c l a s s  I and c l a s s  I I  p r e s e nt a t ion 

pat hways . MHC class  I mo l e c u l e s  have evo lved to capture pept i d e s  
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F i gure 4 .  Mode l for MHC c l a s s  I I  presentat ion o f  exogenou s ly- der ived 
pept ides . Newly synthe s i zed MHC c l a s s  II mo l e cu l e s  are synthe s i z ed in 
the ( RER )  where t hey become a s s o c i a t e d  with the ( I i ) . The c l a s s  I I / I i  
cha in comp l ex i s  s hu t t l ed t hrough the Go lgi  t o  a n  endo s oma l compartment 
where Ii chain i s  c l e aved by endos oma l proteas e s . Nat ive Ag i s  t aken up 
at the c e l l  surface and enters the endocyt i c  rout e . Proc e s s ing may occur 
within endosomes and/or lysosoma l compartment s resu l t i ng i n  pept ide 
generat ion . The b i nding o f  pept ide f ragment s t o  MHC class  II  mo l e cu l e s  
occurs within a spe c i a l i z e d  compartment c a l l ed t h e  CPL . C l a s s  I I /pept ide 
comp l exes then egr e s s  t o  the p l a sma membrane t hey can be recogn i z ed by 
Th  c e l l s . 
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shut t l ed into the ER f rom the cytop l a s m  whereas c l a s s  I I  mo l e cu l e s , 

becau s e  they a s s o c i a t e  w i t h  I i  cha i n  in the ER , are unab l e  to b ind 

cytop lasmi c a l ly - der ived pept ides and therefore are ab l e  to b ind p ep t i d e s  

generated in  the endocyt i c  rou t e  ( 3 9 - 4 1 ) . T h e  s e gment of I i  cha i n  wh i c h  

b inds to c l a s s  I I  i s  c a l led the c l a s s  I I - a s s o c i a t e d  inva r i ant cha i n  

pept ide cont a i n i ng res idues  8 0 - 1 0 3  ( CL I P )  region ( 4 2 ) . Therefore , c l a s s  

I mo l e cu l e s , synthe s i zed in  t h e  ER b ind pept ides derived f rom the 

cytop lasm in cont rast  t o  c l a s s  II mo l e cu l e s , which are a s s o c i at e d  w i t h  

CLI P ,  a r e  unab l e  to acce s s  cyt op l asmical ly- der ived pept ide s . The r e f o r e  

Ii cha in ma intains the func t ional d i s t inct ion between the two c l a s s e s  o f  

mo l e cu l e s . 

The proc e s s ing of exogenou s ly - de r ived prot e i ns occurs w i t h i n  an 

a c i d i c  compartment . I ni t i a l  s tudi e s  invo lved the use o f  lysomo t rop i c  

agent s , such as chloroqu i ne , that e l eva t e  intrace l lu l a r  pH . Treatment 

o f  APC with the s e  agent s ab l a t e d  APC - mediated T c e l l  act ivat ion , 

sugge s t ing that the generat ion of s t imu l a to ry f ragment s from nat ive 

prot e i ns occurs w i t h i n  an a c i d i c  compartment ( 4 3 ) . Though unr e s o lved , 

it i s  specu lated that s i gna l s  in the cyt op l asmic t a i l  of I i  cha in are 

part ly re spons i b l e  for cl a s s  II  t rans i t  t o  t he s e  endocyt i c  compartment s 

( 4 4 ) . Genera l ly ,  two intrace l lu l ar a c i d i c  compartment s are deemed l i k e l y  

candidat es  as proc e s s ing compartment s .  B o t h  the endos ome s a n d  lysosomes 

pos s e s s  prot ease  act ivity ( 4 5 , 4 6 ) . The heterogeneous endo s omes ( e a r l y  

Y!L.. l a t e ) form f o l lowing t h e  entry o f  mo l e c u l e s  taken u p  at the  c e l l  

surface . Not ab l y ,  endos ome s cont a i n  the a c i d  pro t e a s e s  catheps ins  B and 

D ( 4 7) .  Dis t inct f rom the endosome s , lyso s omes pos s e s s  a lower pH as 

we l l  as a var i ety o f  other prot e a s e s  not pres ent in  the endos omes ( 4 5 ) . 

For some t ime , inve s t igators have a t t empt e d  to det e rmine the r e l at ive 

cont r ibut ion o f  endo s ome s and lys o s omes in  c l a s s  II p r e s e nt a t i on of 

pept ides . Much work has focu s e d  on the loca l i z a t ion o f  e l ement s of the 

proc e s s ing machinery t o  one or the other compartment . For examp l e , 
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studies us i ng immunoh i s t ochem i c a l  s t a i n i ng demonstrated c o - l o c a l i z at ion 

of MHC class  II  mo l e cu l e s , Ag , catheps ins B and 0 w i t h i n  e a r ly endo s ome s 

( 4 7 ) . Add i t ional support for the cont r ibut ion of endosomes in ant igen 

pro c e s s ing come s from work ut i l i z ing t emperature - s ens i t ive mut ant c e l l s  

de f e c t ive i n  endo s oma l a c i d i f i cat i on . Though the lys o s ome s rema i n  

una f f e c t e d  i n  the s e  c e l l s ,  imp a i red proc e s s i ng i s  obs e rved for a var i e ty 

of Ag ( 4 8 ) . Recent ly , more direct  approaches have been deve l oped t o  

a s s e s s  t h e  cont r ibut ions of endos omes and lysosome s in proc e s s ing . The s e  

approache s invo lve the conj ugat ion of ant i gens to c e l lular prot e i ns known 

to t r a f f i c k  to spec i f i c  intrace l lular a c i d i c  compartment s .  I n  one c a s e ,  

t rans ferrin i s  known t o  t r a f f i c k  t o  the endo s ome s and doe s  not ent er the 

lyso s omes ( 4 9 ) . Conj ugat es  of t rans ferrin and Ag , which are t aken up by 

receptor -mediated endocytos i s  are proc e s s ed more e f f i c i ent ly than 

unconj ugated Ag , wh ich are taken up by f lu i d - pha s e  p i nocyt os i s . The s e  

data sugge s t  that endosomal proc e s s ing o f  these Ag resu l t s  i n  generat i o n  

of s t imu l a t ory pept ides ( 5 0 ) . In order to t arget Ag direct ly to the  

lys o s omes , Ag have been conj ugated to a-2  macrogl obu l in ( 5 1 ) . F i nd i ngs 

with these conj ugat e s  demons trate that funct ional proce s s i ng o f  

conj ugated Ag occurs in t h e  lysosome s . In support of the aforement i oned 

dat a ,  Ag t argeted t o  the lys osome s , via a c i d - r e s i s t ant l iposome s , l e ads 

to enhanced proc e s s i ng ( 5 2 ) . One int erpre t a t i on drawn f rom the ant igen 

t arget ing data i s  that d i f f e rent ant igens have di sparate proc e s s i ng 

requ i rement s .  For examp l e , HEL cont ains  4 d i s u l f ide bonds and may 

requ i re the more r i gorous proce s s ing provided by the lys o s ome s . The 

lower pH and great er number of a c i d i c  prot e a s e s  found w i t h i n  the  

lys osome s may be nec e s s ary for generat ion of s t imu l atory HEL pept ides . 

Add i t i onal s tu d i e s  addre s s i ng the r e l a t ive cont r ibut ion of lys o s omal � 

endo soma l compartment s in Ag proce s s i ng are needed to b e t t e r  under s t and 

the mechani sm o f  the MHC c l a s s  II proc e s s i ng pathway . 

To dat e , the prot eases  nece s s ary for pept ide generat ion f rom 
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exogenous prot e i n  sources rema ins f a i r ly unre s o l ved . The consensus i s  

that acidic prot e a s e s  o r  catheps ins r e s i dent i n  endo s omes and lyso s omes 

are re spons i b l e  for proteo lyt ic  c l e avage . Much of the s t ud i e s  a s s e s s ing 

the ro l e  of catheps ins in pro c e s s ing exogenous Ag has invo lved c l a s s 

spec i f i c  protease inhib itors . Depending on the Ag and T c e l l ,  much o f  

the work ut i l i z ing t h e s e  inhib itors sugge s t s  the importance o f  cys t e ine 

and/or aspartyl prot e a s e s  in  pept ide generat ion . For examp l e , the 

aspartyl prot eases cathep s ins E and D have been s hown to be import ant for 

the generat ion of s t imu l a t ory peptide fragment s recognized by Th  c e l l  

c l ones spec i f i c  for ova lbumin ( 5 3 - 5 5 ) . 

So , once the pept ides are generat ed , where do they a s s o c i a t e  w i t h  

MHC c l a s s  I I  mo l e cu l e s ?  Recent ly , four group s of inve s t igators have 

ident i f ied MHC pept ide - loading compartment s in  B c e l l s  referred t o  as the 

compartment for pept ide loading CPL ( 5 6 - 5 9 ) . Two of the group s used sub 

c e l lular fract ionat ion exper iment s ut i l i z ing free - f low e l ect rophores i s  

( 5 6 )  o r  dens ity grad i ent e l ec t rophores i s  ( 5 7 )  to d i s t ingu i s h  t h e  MHC 

c l a s s  I I - cont aining compartment s from early and l a t e  endo some s . The s e  

CPL compartment s are d i s t inct f rom endos ome s and lys osomes by t he i r  

subce l lular frac t i onat ion behavior , the i r  l o w  or n o  expre s s ion o f  

endo soma l a n d  lys o s oma l markers , and the i r  low acc e s s ib i l ity to f l u i d

pha s e  markers . They are d i s t inct from lys o s omes in that they f a i l  t o  

exp r e s s  appre c i ab l e  l eve l s  of lysosoma l membrane prot e i ns . Perhaps , C l ip 

i s  removed f rom MHC c l a s s  I I  mo l ecu l e s  in t h i s  compartment where pept ide 

loading i s  thought t o  occur . 

The re cent descript ion of another s e t  of mut ant APC has great ly 

a s s i s ted the charact e r i zat ion o f  Ag proce s s ing pat hways , part i c u l ar ly for 

the MHC c l a s s  I proce s s ing pat hway ( 6 0 ,  6 1 ) . In the c a s e  of exogenous 

Ag , a pane l o f  mutant c e l l s  has been descr ibed exhib i t ing impai red 

pres entat ion o f  nat ive Ag , but not o f  pept ide s , to MHC c l a s s  I I 

r e s t r i c t ed T ce l l s  ( 6 2 , 6 3 ) . Although the i r  MHC c l a s s  I I  genes 
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thems e lve s are norma l , the c l a s s  I I  mo l e cu l e s  have abnorma l conformat ion . 

The Ag proce s s ing defect  has been a t t r ibuted to the de l e t ion of the Dma 

or Dmb gene s w i t h i n  the MHC locus ( 6 4 , 6 5 ) . Sequence analys i s  of the 

genes has shown that DMA and DMB share homo l ogy w i t h  MHC c l a s s  I I  gene s , 

but lack extens ive polymorph i s m . Ce l l s  de f i c i ent in DM expr e s s ion f a i l 

to expre s s  a norma l repe r t o i r e  of MHC - c l a s s  I I  pept ide comp l exe s . 

Trans f e c t ion of the mut ant c e l l s  w i t h  the Dm genes r e s t o r e s  norma l Ag 

proc e s s ing ( 6 4 , 6 5 ) . In view of t h e s e  obs e rvat ions , a var i e ty of mode l s  

for DM funct ion have been proposed . One pos s ib l e  func t ion of the DM gene 

produ c t s  are to s e rve as a chape rone for c l a s s  II mo l e cu l e s  t o  a pept ide 

loading compartment such as  the CPL . A s e cond pos s i b i l i ty i s  that DM 

remove s CL I P  pept ides f rom MHC c l a s s  II  mo l e cu l e s , thereby , a l lowing the 

a s s o c i at ion o f  exogenous ly- derived pept ides w i t h  MHC c l a s s  II molecu l e s .  

Lysosomal reduct ive c leavage mechanism 

The mo l ecu l a r  s t ructure of immunogenic Ag great ly var i e s  in t e rms 

of s i z e , charge , number o f  subuni t s , and pos t - t rans lat ional  

modi f i cat ions . Yet , t he pept ides f rom dive r s e  Ag mus t  retain the ab i l i ty 

to b ind MHC c l a s s  I I  mo l e cu l e s . Gi ven the divers i ty of Ag and the 

cons tra int for ant igen i c i ty ,  the not ion that the s t eps  dur i ng proce s s i ng 

d i f f ers  among individual Ag i s  a logical  po s s ib i l i ty .  

An increas ing body o f  evidence supports the hypothe s i s  that Ag 

conformat ion d i c t a t e s  the proce s s ing s t r i ngency requ i red to y i e l d  

immunoge n i c  pept ides f rom t h e  nat ive prot e i n . I n  s ome inst ancEs , p r i o r  

reduc t i on and unfo l d i ng o f  par t i cu l a r  Ag great ly enhanc es  pr=s entat i on 

e f f i c i ency ( 6 6 - 6 8 ) . Once denatured , these  Ag do not need to b e  

proteolyt i c a l ly c l e aved . In cont ras t ,  other Ag requ i r e  the add i t ional 

s t ep o f  c l e avage . Even in t h i s  s i tuat ion , denaturat ion of t '1e Ag may 

inf luence t he e f f i c i ency of proces s ing . Current ly , the intrace l lu l a r  

locat ion a n d  mechan i s m  o f  d i s u l f ide bond c l eavage o f  Ag remain s omewhat 

unreso lved . 
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A recent mode l i l lus t rat i ng the key component s o f  lys o s oma l 

reduct ive c l e avage in f ibrob l a s t s  is s hown in Figure 5 .  Upon ent e r ing 

the cytoso l ,  cys t ine i s  reduced by reduced glutathione ( GS H )  t o  f o rm 

cys t e i ne . Cys t e ine can then be t ransported into the lys o s ome v i a  a 

cys t e i ne - spe c i f i c  lys o s oma l t ransport sys t em .  Once ins ide the lys o s ome s , 

cys t e ine can react w i t h  prot e i n  d i s u l f ide b r i dges ( 6 9 )  fac i l i t a t ing 

d i s u l f ide c l eavage . Current ly , the cont r ibut i on of t h i s  reduct ive 

mechan i s m  to Ag proce s s ing remains l argely unde f i ned . 

Ra t i onale and obj e c t ives 

Considering both the import ance and l ack o f  under s t anding o f  the MHC 

c l a s s  II proc e s s ing pat hway , the focus of this work was to e lu c i da t e  the 

mechan ism by which MHC c l a s s  II proc e s s ing generates  pept ides capab l e  of 

b e i ng recogn i z e d  by CD4 > Th ce l l s . The overa l l  approach was to s t udy an 

APC c l one defect ive a l ong t h i s  pathway . In a previous s tudy ,  

t emperature - s ens i t ive mutant c e l l s  were used that expr e s s ed d e f e c t ive 

endosomal acidi f i cat ior. at the nonperm i s s ive t emperature ( 4 8 ) . The 

mut ant and w i l d - typ e  parent a l  Chine s e  hams t e r  ovary ce l l s  ( CHO ) were 

t rans fected with mur i ne MHC class I I  gene s to convert them t o  APC . The 

w i l d - type c e l l s  e f f e c t ive ly proc e s s  nat ive Ag inc luding p i geon cyt ochrome 

� and St aphyl ococc a l  nuc l e a s e  ( 4 8 ) . Surpr i s ingly , t h i s  i s  n o t  the  c a s e  

for a l l  Ag . 

A s e r i e s  of s tudies were des igned to describe the gene t i c  b a s i s  f o r  

the defect . The s e  approaches cons i s t e d  of gene t i c  comp l ement at i o n , 

karyotyp i c  analys i s , and charac t e r i z a t ion of a pane l of hyb r i d  c l on e s  

generat:ed in comp l e ment:at:i on exp e r i ment s whi c h  are bot:h c o mp e t:ent: and 

incompet ent APC . 

A second c l u s t e r  of experiment:s were de s i gned to determine what s t ep 

in ant igen p r e s ent a t i on was imp a i red . Var ious parame t e r s  were a s s e s s ed 

inc luding the ab i l i ty of the de fect ive ce l l s  to pres ent s t imu l at o ry 

pept ides , the import ance of ant igen s t ructure such as glycosy l a t ion and 
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F i gure 5 .  Lys osoma l reduct ive c l e avage mechan i s m . 
Once ins ide the cytop l a s m ,  cys t ine i s  conve r t ed into cys t e ine v i a  GSH 
medi a t e d  reduct ion . Cys t e ine i s  then t ransported across t h e  lys o s oma l 
membrane via a cys t e ine - spec i f i c  lysosoma l t ransport er . Cys t e ine can 
react with prot e i n  d i s u l f ide b r i dges in a two - s t ep exchange reac t ion 
( 6 9 )  . The d i s u l f ide c l e avage produces  free s u l fhydryl s  in the prot e i n  and 
cys t i ne is produced . The cys t i ne exi t s  the lys o s omes and is aga i n  
ava i l ab l e  f o r  reduct ion b y  GSH . 
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pres ence of d i s u l f ide bonds , and the ab i l ity of our defect ive c e l l  t o  

c l eave d i su l f ide bonds . 

The third s e t  of r e l a t e d  s tudi e s  were des i gned to e l u c i da t e  the  

mechan i sm of the de f e c t  o f  t he s e  c e l l s . Ove ra l l ,  t h e s e  exp e r iment s 

examined the integr ity of lysosome s to reduce d i s u l f ide bonds . The 

individual component s o f  the lys o s oma l mechan i s m  were a s s e s s ed including 

intrace l lular leve l s  of glutathione and cys t e ine as we l l  as t he 

prof i c i ency of an intrace l lu l ar cys t e ine t ransport e r . Other exp e r iment s 

examined the e f f e c t  of increas i ng intrac e l l u l a r  l eve l s  of gl u t a t hione on 

the ab i l ity o f  our defect ive c l one to proc e s s  ant igens . S i m i l a r  

exper iment s were de s i gned to det ermine t h e  e f fe c t  o f  decre a s i ng 

intrace l lular leve l s  of glutathione on ant igen proce s s ing by the hyb r i d  

ce l l s  wh ich a r e  comp e t ent APe . 



1 .  C e l l  l ine s. 

MATERIALS AND METHODS 

The der ivat ion and s p e c i f i c i t i e s  o f  ova lbumin ( OVA) - sp ec i f i c , I - Ad 

r e s t r i c ted Th c e l l  hybridoma 3 DO - 5 4 . 8 ,  the p i geon cytochrome £ - spec i f i c , 

I - E'- r e s t r i c t e d  Th c e l l  hyb r i doma 2B4 and the A - repre s s o r - spec i f i c ,  I -Ad

r e s t r i c ted Th ce l l  hyb r i doma 7B7 . 3  were previou s ly d e s c r ibed and were 

kindly provided by Dr . Rona ld Schwar t z  ( Nat i onal I ns t i t u t e s  o f  Hea l th ,  

Bethesda , MD ) ( 7 0 , 7 1 ) . The hen egg lysozyme ( HE L )  - spec i f i c ,  I _Ad_ 

r e s t r i c ted Th ce l l  hyb r i doma 9 . 3 0 . B2 was k i ndly provided by Dr . E l i  

Sercarz ( Univer s i ty o f  C a l i forn i a ,  Los Ange l e s , CAl and recogn i z e s  the 

pept ide fragment 1 1 - 2 5 . The generat i on of pork insu l i n - spec i f i c , I - Ad 

r e s t r i cted Th c e l l  hybri doma Pd . 2 . 3 0 was previou s ly descr ibed ( 7 2 )  and 

was kindly provided by Dr . P e t e r  Jensen ( Emory Univers i t y ,  At l ant a ,  GA) . 

The generat ion of the B lymphoma c e l l s  TA3 and LK3 5 . 2 ,  and the CHO 

t rans f e c t ant WAB4 expre s s ing I - Ad MHC c l a s s  II mo l e c u l e s  f rom the w i l d 

type paren t a l  ( WTB ) CHO c e l l  u s e d  as APC were previous ly pub l i shed ( 4 8 , 

73, 74) and were k i ndly provided by Dr . Rona l d  Schwart z .  The mous e  

f ibrob l a s t  t rans f e c t ant L ce l l s  ( DECK H i 7 ) expr e s s ing I - E ' mo l e cu l e s  were 

kindly provided by Dr . Rona l d  Germa i n  ( Nat i onal I ns t i tu t e s  o f  He a l t h ) . 

The der ivat ion of the I L - 2 - dependant ce l l  l ine CTLL - 2  was previou s ly 

pub l i s hed ( 7 5 )  and was obt a i ned f rom Ame r i can T i s sue Cu l ture Co l l e c t i o n  

( Rockvi l l e , MD ) . 

2 .  Ag and mAb .  

OVA, HEL , carboxymet hylated HEL ( CM - HEL ) , and pork insu l i n  were 

purchased f rom S i gma Chemi c a l  Co ( S t . Lou i s , MO ) . A - repre s s or ( 1 - 1 0 2 )  

and i t s  pept ide,,_2. were supp l i ed by Dr . Rona l d  S chwart z .  A synthe t i c  

2 3  
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pept ide o f  OVA323_m was produced and pur i f ied by the prot e i n  core f ac i l i ty 

(Virginia Commonwea l t h  Unive r s i t y ,  Richmond , VA) . The synthe t i c  pept i d e  

of HEL"_20 was purchased from Chi ron Mimotop e s  ( Ra l e i gh ,  NC ) . The 

monoc l ona l ant ibod i e s  (mAb) were pur i f i e d  by prot e in-A a f f i n i ty c o l umn 

chromatography from ce l l - free cu l ture supernat ant s o f  MKD6 ( ant i - I -Ad ; 

7 6 ) , Y-17 ( ant i - I -E' ; 7 7 ) , MAR 1 8 . 5  ( ant i - rat K cha i n ;  7 9 ) . The s e  c e l l s  

a long with l 5 -l -5 -P ( ant i - K'D' ; 7 8 ) were obt a ined f rom ATCC . MKD6 and 

MAR1 8 . 5  were conj ugated with f luore s c e i n  i s othi ocyanate ( F IT C )  i s omer I 

(Molecular Probe s , Eugene OR ) and Y-1 7 was b i o t i nylated a f t e r  ext ens ive 

d i a lys i s  i n  0 . 0 5 M borat e-O . l M NaCI buf f e r  at pH 9 . 5 .  F I TC ( 1 0 0  � g )  o r  

N - hydroxy suc c i nimido-b i o t i n  at 1 0 0  m g  per ant ibody w a s  added , mixed and 

incubated at room t emperature for 2 -3 hour s  ( h ) . Conj ugated ant ibody was  

then d i a lyzed in 0 . 0 5 M Tr i s -0 . 1 5 M NaCI bu f f e r  cont a i n i ng 0 . 2  � NaN, at 

pH 7 . 5 .  Conj ugated ant ibody was then cent r i fuged at 1 0 , 0 0 0  rpm f o r  5 

minut e s  in Eppendorf micro fuge to c l ear aggregated mat e r i a l . The prot e i n  

concent rat ion was determined by the abs o rbance at 2 8 0  nm u s i ng the  

ext inction coe f f i c i ent of 1 . 3 8 ( Emg/ml ) .  The  amount o f  F ITC con j uga t e d  

to pro t e i n  w a s  det e rmined b y  absorbance at 4 9 5  nm . The r a t i o  o f  

F ITC/prot e i n  was c a l cu l ated and was � 2 . 0 .  The spec i f i c i ty o f  t he I i  

cha i n - spec i f i c  mAb I n - l was previous ly d e s c r ibed ( 8 0 )  and w a s  k i ndly 

provided by Dr . Rona l d  Germa i n . 

3 .  T c e l l  s t imul a t i on a s s ay .  

IL-2 secret ion by Th) c e l l s  was used t o  det ermine APC e f f ec t ivenes s .  

The p r i nc i p l e  o f  the a s s ay i nvo lves measuring pro l i ferat ion o f  t h e  c e l l  

l ine CTLL wh i ch depends o n  IL - 2  for growth . The leve l o f  incorporat i on 

of rad i o l ab e l e d  nuc l eot ides by CTLL on a logar i thmi c  s c a l e  i s  l i ne a r ly 

r e l ated to the quant ity of IL - 2  in the culture supernat ant s .  Th c e l l s  at 

X l a' were cu l t ured w i t h  5 X 10 '  APC with or w i t hout various 

concent rat i ons o f  Ag i n  9 6 -we l l  f l at bottom microt i t e r  p l a t e s  ( Co s t a r , 

Kingsbridge , MA) for 2 4  h .  Cu l ture supernat ant s were harve s t e d  and 

a s s ayed in dup l i cate  for the pres ence o f  I L - 2  by incubat ing the  I L - 2 -
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dependant cell line CTLL - 2  w i t h  2 5 �  supernatants for 1 8  h .  The wel l s  

w e r e  puls ed w i t h  1 /l C i  of ['Hl - t hymidine (Ame r s ham , Arli ngton H e i ght s , 

I L )  and harve s t e d  a f t e r  another 6 h .  Radi o l ab e l e d  i ncorporat i on was  

quant i t ated by l i qu i d  s c int illat ion count i ng . In s ome experiment s ,  APC 

were f ixed with O .  5 �  paraformaldehyde prior t o  culture as previously 

de s c r ibed ( 4 8 ) . 

4 .  Somat i c  c e l l  hybrid generat i on . 

WAB4 ( G4 1 8 - sens i t ive ) and DCEK H i 7  L cells ( mycopheno l i c  a c i d

s ens i t ive ) expr e s s i ng mur i ne I - Ad and I - E' MHC cla s s  I I  gene produc t s , 

respect ively , were fused via  1 g/ml polye t hyl ene g lycol ( PE G )  t r e atment . 

Hybrids were i s olated by a double drug s elect i on prot ocol w i t h  6 /lg/ml 

mycophenoli c  a c i d  and 2 0 0  /lg/ml gentami c i n  ( G4 1 8 ) . The surviving cell s 

were analyzed for surface expr e s s ion of I - Ad and I - E' MHC cla s s  I I  

molecules by two - co l o r  flow cytome t r i c  analys i s  us ing F I TC - MKD6 and 

b i o t i nylated Y-1 7  ( s e e  MATERIALS AND METHODS # 6 )  . 

5. Karyotyp i c  analys i s . 

Karyotyp i c  analys i s  of WAB4 DCEK H i 7  and one hyb r i d  c e l l  l i ne o f  

uncloned cells , WALC , w a s  performed by Gene t i c  R e s earch Inc . ( Durham , 

NC )  . 

6 .  Cloning o f  hybrid cel l s . 

The hybrid cells were cloned by colony l i f t . Hyb r i d  cells were 

placed ( 2 0 0  cells /p l at e )  i n  1 0 0  mm petri  dishes ( Co s t ar ) . Individual 

colon i e s  were removed with Whatman ' s  f ilter pap e r  # 2 ( Baxt e r , Columb i a , 

MD ) and placed in 2 4 - well p l a t e s  ( Co s t ar ) . Cloned populat i on of c ells 

were then expanded and a s s ayed for dua l  expr e s s ion o f  I - Ad and I - E' MHC 

cla s s  II molecules ( s ee MATERIALS AND METHODS # 7 ) and for ab i l i ty t o  

proc e s s  a subopt imal concent rat i on o f  OVA ( MATERIALS AND METHODS # 3 ) . 

7 .  Immuno f luore s cence staining and f l ow cytometry . 

Cells were s t a ined as descr ibed els ewhere ( 5 0 ) . a .  Cla s s  I I  surface 

labeling . The expr e s s ion o f  I -Ad mo l e c u l e s  was detected by incuba t i ng 

ce lls w i t h  F ITC-MKD6 . Background cont ro l s  were cell s incubated w i t h  
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unlabe l l ed MKD6 supernat ant , f o l l owed by F I T C - MKD6 . For I - E k expre s s ion , 

c e l l s  were s t a ined w i t h  b i o t i nylated Y - 1 7 , fo l l owed by phyco e ryt h r i n 

avidin . Non - spe c i f i c  f luore s c ence w a s  determined b y  incubat i ng c e l l s  

with phycoerythr i n - avidin only . b .  C l a s s  I surface l ab e l i nJ .  The 

expr e s s ion o f  H - 2 KkDk MHC c l a s s  I mo l e c u l e s  was d e t e rmined by incubat ing 

c e l l s  with lS - l- S P  ( 7 8 ) , fo l l owed by F ( ab ) ' 2 f ragment o f  F I TC - l ab e l e d  

goat ant i -mous e  19G ant ibod i e s  ( Organon Teknika Corp . , Durham , N C ) . 

Background leve l s  were determined by incubat ing c e l l s  only w i t h  the 

secondary ant ibodi e s . c .  Cyt op l asmic s t a i ni ng o f  Ii  cha i n . 

Intrac e l l ular I i  expre s s ion was determined by f i r s t  permeab i l i zing the  

cells  with 0 . 1 % s aponin ( S i gma ) in phosphate b uf f e r e d  s a l ine ( PBS ) . The 

c e l l s  were f ixed w i t h  1 0 %  forma l i n  for 1 0 - 1 4 minut e s  at room t emperature 

f o l lowed by 30  min i ncubat ions w i t h  I n - 1 and then F I T C - MAR 1 8 . 5  at room 

t emperature . Fol lowing f ixat i on and incubat ions , c e l l s  were washed w i t h  

0 . 1'1> s aponin in PBS . F l uores cence int ens ity was measured by f l ow 

cyt ome t ry ut i l i z i ng a Becton D i ck inson FACScan ( San Jos e , CAl equipped 

with a l S  mW 4 8 8  nm argon l a s e r . Data were col l ec t e d  on 1 0 , 0 0 0  c e l l s  

with l ogar i t hm i c  amp l i f i cat ion and ana lyz ed by a Hew l e t t  Packard s e r i e s  

3 0 0  computer ( Port l and , OR ) . 

8. Aspart i c  acid protease a s say . 

The l eve l of a c i d i c  aspartyl proteo lyt i c  act ivity in c e l l  lys a t e s  

and i s o lated organe l l e s  w a s  measured as described ( 8 1 ) . C e l l  lys a t e s  

were prepared from WAB4 and TA3 c e l l s  at 1 .  0 X 1 0 '/ml in O .  7 S %  Tr i t o n  X -

1 0 0  lys i s  buffer . Organe l l e s  were i s o l ated f rom 5 X 1 0' c e �l s , wh i c h  

were d i s rupted b y  N, cavi t a t i on ,  b y  dens i ty cent r i fugat ion through a 2 3 %  

Perco l l -sucro s e  gradi ent o f  1 7 . S  m l  a s  de s c r ibed ( S O ) . Dens�ty marke r  

beads ( S igma ) w e r e  used t o  e s t imate t h e  dens i ty prof i l e  o f  the gradient . 

One -ml frac t i ons were co l l ected from the top of the gradient . Lys o s omal 

� - ga l actos idase act ivity in the frac t i ons was quant i t ated a s  previou s ly 

described ( S O ) , and the resu l t s  are expre s s ed in a rb i t rary f luorescence 

uni t s . Tot a l  prot e i n  concent rat ion was de t e rmined by b i c inchon i n i c  a c i d  
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Samp l e s  i n  dup l i ca t e  w e r e  

a s s ayed for proteo lyt i c  c l e avage o f  8 %  hemog l ob i n  i n  a 1 M sodium a c e t a t e  

bu f f e r  at p H  4 . 5  w i t h  or w i t hout t h e  aspartyl pro t e a s e  i nhib i t o r  1 0  �g/ml 

peps t a t i n  A ( S i gma ) for 1 5 0  min at 3 7 ° C .  The a s s ay i s  done under a c i d i c  

condi t ions to prec lude i nvo lvement o f  other non - a c i d i c  pro t e a s e s  i n  

hemoglobin c l e avage . Aspartyl prot eas e - me d i a t e d  degradat ion o f  

hemoglobin was det e rmined b y  measuring t h e  ab s o rbance at 5 5 0  n m  u s i ng a 

background cont rol which l acked c e l l  s amp l e s . Aspart i c  a c i d  p r o t e o lyt i c  

act ivity was det e rmined by subtract i ng the absorbance i n  s amp l e s  

cont aining peps tat i n  A ( non- aspartyl prot e a s e  act ivity)  f rom t h e  va l u e s  

o f  s amp l e s  lacking peps t a t i n  A ( t o t a l  aspartyl prot e a s e  act i v i ty ) . One 

un i t  of enzymat i c  act ivi ty is a net absorbance o f  1 .  o. Ac t iv i t y  i s  

expre s s ed a s  uni t s /mg prot e i n  ± S D  t o  compens a t e  for any d i f f e rence i n  

ce l l  number . 

9. Endoglyco s i da s e  H removal of carbohydrate re s i due s 

OVA ( 4 5  mg ) was suspended in 2 . 2 5  ml of 0 . 0 5 M c i t r a t e  bu f f e r  at pH 

5 . 0  with ( t reated)  or wi t hout ( untreat e d )  4 5 0  mi l l iun i t s  o f  r e c omb i nant 

Endog lycos idas e - H  ( Boehr i nger mannhe i m ,  Indi anapo l i s , I N ) . The 

incubat ion was al lowed to proceed for 20 h i n  a 3 7 °  C water b a t h . The 

reac t i on was neut ra l i zed by p a s s ing the OVA prepara t ions over a P 6 DG 

de s a l t ing column . 

10. Separation of glycosylated and unglycosylated OVA 

Glycosylated and ung lycosy l a t ed OVA was separated by p a s s age ove r 

an a f f i n i ty chromat ography co lumn cons i s t ing of concanava l i n  A ( Con A )  

bound to  a s epharos e  mat r i x  ( S i gma ) . OVA in the vo i d  vo l ume was  

cons i dered a s  ung lycosylated . The g lycosylated OVA was e lu t e d  f rom the 

a f f i n i ty c o l umn w i t h  0 . 1  M a lpha - met hyl manno s ide ( S i gma ) . Prot e i n  

concentrat ion was decermined b y  t h e  absorbance at 2 8 0  n m  w i t h  the  

ext inct ion coe f f i c i ent 0 . 4 8 5  ( E  mg/ml ) . Pur i ty of the g lycos y l a t e d  and 

unglycosyl ated OVA preparat i ons were a s s e s sed by 7 . 5 % SDS - PAGE . 
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Degree o f  glycosylat i on o f  OVA preparat ions was determined by E L I SA .  

ELISA p l a t e s  were coated i n  t r ip l i ca t e  w i t h  e i ther 1 0 0  �g/ml o f  

unglycosyl ated or glycosylated s amp l e s  f rom b o t h  ENDO - H  t r e a t e d  o r  

unt reated OVA a l ong with para l l e l  we l l s  o f  OVA s t andard rang ing i n  

concentrat ion from 1 0 0  �g/ml t o  0 . 7 8 �g/ml overnight at room temperat ure . 

The we l l s  were then washed w i t h  0 . 0 5 % Tr i t on X - lO a  in PBS . To decre a s e  

nonspe c i f i c  b i nding , we l l s  were coated f o r  3 0  min w i t h  0 . 1 % ge l a t ing i n  

PBS . The we l l s  were then washed w i t h  0 . 0 5 % Triton X - 1 0 0  f o l l owed by 

incubat ion of we l l s  with 2 .  5 �g/ml Con A - b i o t i n  for 1 h which wou l d  

recogn i z e  a - manno syl r e s i due s coated o n  t h e  E L I SA p l at e s . We l l s  were 

washed with 0 . 0 5 % Triton X - 1 0 0  f o l l owed by incubat ion w i t h  0 . 0 6 2 5  �g/ml 

avi d i n - perox idase for 1 h .  We l l s  were washed with 0 . 0 5 % Tr i t on X - lO a  

f o l l owed by incubat ion w i t h  2 , 2 ' - az i no - b i s { 3 - et hylbenz t h i a zo l ine ) ABTS 

( Ki rkegard and Perry Labs Inc . G a i t hersburg , MD ) peroxidase s ub s t r a t e  for 

6 min . Pot a s s ium f l uoride ( KF )  was added to t e rminate the react ion . 

Ab sorbance was determined at 4 0 5 A  us i ng a Mo l e c u l a r  Devi c e s  Corporat i o n  

ELISA reader ( Pa l o  Alto , C A l  equ ipped w i t h  Sof tmax s o f t ware . D a t a  are  

pres ented as opt i c a l  dens ity un i t s  w i t h  having b l ank , l a c k i ng s amp l e , 

s ubtract ed . Preparat i ons of unglycosylated OVA ( lO O �g/ml ) po s s e s s ing 

leve l s  of glycosyl at ion s imi l ar to OVA s t andard at O .  7 8  �g/ml were 

cons idered s uf f i c i ent ly ung lycosylated and were t e s t e d  for pot ency i n  o ur 

APC - mediated T c e l l  s t imu l a t ion a s s ay ( se e  MATERIALS AND METHOD S # 3 ) . 

To t e s t  for pos s ib l e  Con A contaminat ion , OVA preparat ions gene r a t e d  w i t h  

t h e  c o n  A s epharo s e  column were t e s t e d  f o r  T ce l l  mitogen act i v i ty by 

incorporat ing these preparat ions in the T c e l l  a s s ay .  Act ivat i on of the 

Th  cell  hyb r i doma 2B4 , which i s  spec i f i c  for p i geon cyt ochrome £ ,  i n  the 

pres ence of OVA , was the bas i s  for det e c t i ng Con A contaminat ion . 

1 2 . D i sul f i de bond reduct ion of Ag . 

OVA at 1 5  mg/ml was denat ured and reduced by incubat i on w i t h  8 M 
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urea and 0 . 2  M 2 - mercapatoethano l under N, atmo sphere for 1 2  h a t  room 

t emperature as previou s ly descr ibed ( 8 2 , 8 3 ) . For carboxyme t hyl a t e d  OVA 

( CM - OVA) , 0 . 3  M iodoac e t i c  a c i d  ( S igma ) was incub a t e d  w i t h  Ag f o r  2 h a t  

room temperature under N ,  atmosphe r e . 

carboxyme thy l a t ed OVA ( D - OVA) , 0 . 1  M Tr i s  

To gener a t e  a non 

buf f e r  was added a f t e r  

reduct ion . The prot e ins were ext ens ive ly d i a lyzed b e fore u s e  in 0 . 1  M 

Na,HPO, . Free s u l fhydryl content was d e t e rmined be fore and a f t e r  

reduc t i on ,  and a f t e r  c arboxymethylat ion b y  E l lman ' s a s s ay ( P i e rc e )  The 

princ i p l e  o f  the a s s ay invo lves the spec i f i c i ty o f  5 , 5 '  - d i t h i ob i s 

( n i t robenz o i c ) a c i d  ( DTNB ) ( E l lman ' s reagent ) for f r e e  s u l f hydryl group s 

which generates  a mixed d i s u l f ide and 2 - n i t ro - 5 - t h i obenz o i c  a c i d  ( TNB ) . 

Therefore s u l f hydryl groups are quant i t at e d  by comp a r i ng an unknown 

aga i n s t  a s t andard curve cont a i ni ng cys t e ine . By t h i s  c r i t e r i o n , a l l  

d i s u l f ide bonds were reduced by 2 - mercapt o e t hano l , and a l l  f r e e  

s u l f hydryl groups w e r e  deriva t i zed b y  iodoa c e t i c  a c i d . 

fragment a t i on was detected by 1 2 %  SDS - PAGE . 

1 3 . C ircular di chroi sm. 

No prot e i n  

Measurement s o f  c i rcular di chro i sm o n  nat ive OVA , D - OVA , CM - OVA , 

HEL , and CM - HEL were quant i t ated by a Jasco mode l 5 0 0  spect ropo l a r i me t e r  

( Japan Spectroscop i c  Co . ,  Tokyo , Japan ) He l i c a l  char a c t e r  w a s  

det ermined b y  comp a r i ng mi l l idegree va lues at 2 2 0  n m  for each prot e i n . 

14 . Cel lular disul f i de reductive funct i on . 

Ce l l s  at 8 X 1 0 ' - 1  X 1 0 '  were cu l tured in 6 - we l l  culture d i s h e s  i n  

dup l i c at e ,  one day p r i o r  t o  incubat ion w i t h  the 1 2 S I - tyramine l i nk e d  to 

poly- ( D - Lys ine ) t hrough a d i s u l f ide spacer conjugate ( l 2S I - tyn - SS - PDL ) . 

The f o l l ow i ng day cultures  were washed w i t h  c o l d  s e rum - f r e e  EMEM 

cont a i ning 25 mM HEPES and incubated for 6 0  min a t  D O C  i n  the s e rum- f r e e  

medium cont a i n i ng 1 2 S I - tyn - S S - PDL ( l J.Lg/ml , 2 X 1 0  ' c p m  p e r  w e l l )  t o  l ab e l  

the surface o f  t h e  c e l l s . Conj ugate probe was prepared as previou s ly 

descr ibed ( 8 4 ) . The ce l l s  were washed t w i c e  and incub a t e d  in prewarmed 
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s e r um- free med i um at 3 7 ° C  up t o  2 h i n  3 0  min int erva l s . Al l s ub s equent 

s t eps were carried o ut a s  previous ly descr ibed ( 8 0 ) . N - e t hylma l e imide 

( 2 0  mM )  ( NEM ) was added t o  the c ul t ure s . Ce l l  lys a t e s  were pre?ared in  

0 . 1 % Triton X - I 0 0  and prec i p i t at ed w i t h  7 . 5 % t r i ch l oroac e t i c  a c i d  ( TCA) . 

The radioact ivity in the s upernat ant and p e l l e t  was de t e rmined by a gamma 

count e r . The quant ity of TCA- s o l ub l e  radioact i v i ty was a mea s ure of the 

reduct ion of the conj ugat e .  

1 5 .  Intra cel lular l eve l s  o f  cysteine and glutathione 

C e l l s  were washed t w i c e  in  PBS and s uspended in  2 . 5 % s ul fo s a l i cyl i c  

a c i d  ( S igma ) a t  a concent rat ion of 1 X 1 0 '  c e l l s / 0 . 4  mI . Ce l l  lys i s  was 

a l l owed to proceed for 20 min on i c e . Pre c i p i t at e d  prot e i n  and 

s upernat ant s were s eparated via cent r i f ugat ion . 

s uspended in an equa l  vo l ume of neut r a l i z ing 

p e l l e t s  

Prot e i n  p e l l e t s  were 

2 N NaOH . Prot e i n  

was d e t e rmined by concentrat ion 

b i c inchon i n i c  

o f  s uspended prot e i n  

( BCA) a s s ay ( P i erce ) . a .  Ac i d - s o l ub l e  cys t e ine was 

me a s ured as descr ibed ( 8 5 ) . An equa l  vo l ume o f  a c i d - s o l ub l e  s up e rnat ant 

was added to acid ninhydrin which cons i s t ed o f  2 5 0  mg ni nhydr in in  a 

mixt ure of 6 ml acet i c  a c i d  and 4 ml concent rated hydrochl o r i c  a c i d . The 

a c i d  ni nhydr i n / s upernat ant mixt ure was heated for 1 0  minut e s  at 1 0 0 °  C .  

Ab sorbance was mea s ured at 5 6 0  nm aga inst  a b l ank cons i s t ing o f  a c i d  

ni nhydrin reagent a l one . Ce l l ul a r  pro t e ins and n o t  t h i o l s  l i ke cys t e ine 

and g l utathione w i l l  be prec i p i t ated w i t h  2 . 5  % s ul f o s a l i cyl i c  a c i d . The 

spec i f i c i ty o f  ni nhydrin for cys t e ine in  the s o l ub l e  fract i on :. s due t o  

t h e  wave l ength ( 5 5 0  nm ) us ed t o  mea s ure abs orbance and the pH o f  t h e  

a s s ay mixt ur e . b .  Ac i d - s o l ub l e - g l ut a t h i one w a s  mea s ured a s  d e s c r ibed 

( 8 6 ) . The s t andard a s s ay sys tem for g l ut at h ione cons i s t ed of 0 . 6  �mo l e  

E l lman ' s reagent DTNB ( P i e r ce ) , a c i d - s o l ub l e  c e l l  lys a t e  or 1 0 - 5 0  ng 

ox i d i z ed g l ut athione ( GS S G )  s t andard ( S igma ) , 1 0  �g g l ut a t h ione 

reduct a s e , and the g l ut athione reduc t a s e  cofactor n i co t inami de adenine 

dinuc l eot ide phospha t e  ( NAD PH ) . Oxi d i z ed g l ut a t h i one in  e i ther the form 
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o f  the s t andard or in  ce l l  lys a t e s  i s  reduced by glutathione reduc t a s e  

to reduced glutat hione . The a s s ay actua l ly measures the reduced 

glutath ione -mediated redu c t i on o f  DTNB t o  NTA over t ime . The r a t e  o f  

reac t i on i s  expres sed as t h e  change in absorbency p e r  3 m i n  at 4 1 2 nm 

aga i n s t  a b l ank cons i s t ing o f  2 . 5 % s u l f o s a l i cyl i c  a c i d  only . Reac t ion 

i s  i n i t i a t ed by the add i t ion o f  NADPH which r e su l t s  i n  r a t e  o f  color 

deve l opment at 4 1 2 nm that i s  l i near beyond 6 minut e s . 

1 6 .  Cyste ine transporter activity 

Cys t e ine t ranspor t e r  act ivity was determined according to the  method 

descr ibed ( 8 7 ) . Ce l l s  ( 2 0  x 1 0 ' )  were washed twice in PBS . Ce l l s  were 

suspended in 0 . 1 % glucose in ( hank ' s b a l anced s a l t  s o l u t i o n )  HBSS 

fol lowed by the add i t ion o f  30 M C i  o f  [ 3 5 S ] L - cys t ine ( Dupont , Wi lmington , 

DE ) . Incubat ion was a l lowed to proceed for 1 5  minu t e s  at 3 7 °  C .  The 

c e l l s  were then ext ens ive ly washed w i t h  PBS t o  remove exc e s s  [ " ]  - L 

cys t ine . Ce l l s  were then suspended in PBS cont a i n ing 1 0  mM NEM and 

cent r i fuged . Pe l l e t s  w�re suspended in lys i s  bu f f e r  cons i s t ing of 0 . 2 5  

M sucro s e  and 1 0  mM NEM . The c e l l s  were then sub j e c t e d  to N, cavi t a t ion 

for 20  min at 4 ° C  at 2 5 0  ps i .  The ce l l  lys a t e s  were co l l e c t e d  and 

cent r i fuged at 1 , 5 0 0  x g for 10 minu t e s  t o  obt a i n  the nuc l e a r  and 

postnuc l ear frac t i ons . To obt a i n  the granu l a r  pe l l et , the p o s t nu c l e a r  

supernatant w a s  subj e c t e d  t o  u l t racent r i fuga t i on at 2 0 , 0 0 0  x g .  The 

resu l t ing supernatant repres ented the cyt o s o l i c  port i on o f  the c e l l s . 

Al iquots of the postnu c l e a r  supernatant ( 1 , 5 0 0  x g ) , the granu l a r  pe l l e t  

( 2 0 , 0 0 0  x g ) , and the cyt o s o l  ( 2 0 , 0 0 0  x g supernatant ) w e r e  a s s ayed f o r  

radioact ivity and iJ - ga l ac t o s idase  act ivity . iJ - ga l ac t o s i da s e  act ivity w a s  

u s e d  to account for d i f f erences in  lys o s omal content among various c e l l  

typ e s . The rema inder of the granu l a r  p e l l et was p l aced on a 2 3  % 

Perco l l - sucrose gradient and fract ionated as descr ibed above ( s e e  

MATERIALS AN D  METHODS # 8 ) . The d i s t r ibut ion of cys t e ine t ransport e r  

a c t  i vi t y  w a s  determined b y  det ermining t h e  radioact i vity i n  grad i ent 
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1 7 . Inhib i t ion of gluta thione synthe s i s  
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Inhib i t ion o f  de novo synthe s i s  o f  GSH i s  med i a t e d  by L - ( S , R ) 

buthione s u l f oximine ( BS O )  ( S i gma ) which inhib i t s  the act ivity o f  T 

glut amyl synthe t a s e . T -glut amyl synthet a s e  i s  nece s s ary for the  

generat i on o f  T - glut amyl - cys t e ine , a precursor t o  GSH ( 8 9 ) . Ther e f ore , 

hybrid ce l l s  descr ibed in #4 of the MATERIALS AND METHODS were washed 

into RPMI medium with or wi thout 1 6 0  �M ( BS O )  ( S i gma ) and were a l l owed 

to  incubate ove rni ght at 3 7 ° C  in 6 - we l l  p l a t e s  ( Co s t a r )  at  1 X 1 0 '  

c e l l s /we l l . The fo l l owing morning , hybrids were pu l s ed for 5 h w i t h  a 

subopt ima l concent ration of HEL or medium a l one . In t he presence o f  1 6 0  

�M BSO . Unt reated c e l l s  were pu l s ed w i t h  Ag or medium a l one l a c k i ng BSO . 

Concomi t ant w i t h  ant igen pu l s e , c e l l  lys a t e s  of hybrids  incub a t e d  w i t h  

or  w i thout B S O  were generated to det ermine intrac e l l u l a r  g l u t a t h i one 

leve l s  at the t ime of  Ag pu l s e . The hybrids were t ryps i n i z ed , harve s t ed , 

washed free of BSO and p l aced in 9 6 - we l l  p l a t e s . Fo l l owing add i t ion o f 

9 . 3 0 . B2 Th c e l l s , APC-med iated T c e l l  act ivat ion ( s ee MATER IALS AND 

METHODS # 3 ) was a l l owed to proceed for 2 4  h .  

1 8. N - acetyl cys t e ine trea tment o f  WAB4 c e l l s  

WAB4 c e l l s  at 0 . 5  X 1 0 '  w e r e  washed in medium w i t h  or w i t hout 1 . 0  mM 

N - acetyl cys t e ine ( S igma ) in an a t t empt to increase GSH leve l s . The r a t e  

l im i t ing s t ep of  G S H  synthe s i s  i s  t h e  generat ion o f  T - g lut amyl - cys t e i n e  

f rom i t s  cons t i tuent amino a c i ds . Prevent ion of l im i t ing amount s  o f  

cys t e ine i n  t h e  GSH me t abo l i c  pathway i s  f ac i l i tated b y  treatment o f  

c e l l s  w i t h  N - acetyl cys t e ine ( 8 9 ) . Aft e r  9 h ,  t h e  medium w a s  rep l en i shed 

w i t h  N - acetyl cys t e ine . Fol lowing a 1 2  h incubat ion , WAB4 c e l l s  were 

pu l s ed for 5 h w i t h  a subopt ima l concent rat ion o f  HEL . Concom i t ant t o  

A g  pu l s e , we l l s  o f  t r e a t e d  and unt reated WAB4 w e r e  harve s t ed i n  o r d e r  t o  

gener ate c e l l  lys a t e s  wh ich w e r e  then measured for intrace l lu l ar l eve l s  

o f  glutathione . Fol lowing Ag pu l s e , WAB4 were washed free o f  drug and 
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c o - cu l tured w i t h  the T c e l l s  a s  descr ibed i n  the MATERIALS AND METHODS 

# 3 . 



RESULTS 

1. Limited de f e c t  of WAB4 c e l l s  in Ag pro c e s s ing 

Cons idering both the l ack of unde r s t anding and the impor t ance of the 

MHC class I I  proc e s s i ng pathway , the focus o f  this work was t o  e lu c i d a t e  

the mechan i s m  b y  w h i c h  M H C  c l a s s  I I  proc e s s i ng generat e s  pept ides  capab l e  

of  being recogn i z ed by CD4 " T h  c e l l s . The overa l l  approach was to s tudy 

an APC c l one de f e c t ive a l ong t h i s  pathway . In a previous s tudy ,  

temperature - s ens i t ive mut ant c e l l s  were us ed that expr e s s e d  d e f e c t i ve 

endos omal a c i d i f i cat ion at the nonperm i s s ive t emperature ( 4 8 ) . The 

mut ant and w i l d - type parent a l  Chine s e  hams t e r  ovary c e l l s  ( CHO ) were 

t rans fected w i t h  mur ine MHC c l a s s  II  gene s t o  convert t hem t o  APC . To 

s tudy the mechani sm and regu l a t ion of the MHC c l a s s  I I  proc e s s i ng 

pat hway , we a s s e s sed the compet ency of the t rans f e c t e d  CHO c e l l s  ( WAB 4 ) 

for each of the key s t eps  for the MHC c l a s s  I I  pro c e s s i ng pathway . The 

ab i l i ty of the CHO f ibrob l a s t  I - Ad trans f e c t ant WAB4 t o  proc e s s  a pane l 

of d i s t inct nat ive Ag was inve s t igated . The e f f i c i ency of Ag proce s s i ng 

was a s s e s sed by examin ing the ab i l i ty of the c e l l s  to act iva t e  Th c e l l s  

to secrete  I L - 2  in re spons e t o  Ag . As shown i n  Figure 6A , t h e  pork 

insu l i n - spec i f i c , I - Ad - re s t r i ct e d  Th  ce l l  hyb r i doma Pd . 2 . 3 0 s e c r e t e d  

virtua l ly n o  IL - 2 , when WAB4 ce l l s  w e r e  t h e  source o f  APC . In contra s t , 

a re sponse by the s e  T c e l l s  was readi ly obs e rved w i t h  the B lymphoma c e l l  

TA3 a s  the APC . S im i l ar resu l t s  were obt a i ned w i t h  another T c e l l  

hybridoma spec i f i c  for insu l in ( data not shown ) . The s e  f i nd i ngs were not 

unique to pork insu l in . WAB4 c e l l s  were a l s o  very poor i n  act iva t ing the 

HEL - spec i f i c  T ce l l  9 . 3 0 . B2 ( F igure 6 B ) . The extremely low response at 

1 8 9  �M HEL e l i c i t e d  by WAB4 ce l l s  was comparab l e  to the l eve l 

3 4  
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Figure 6 .  T ce l l s  spec i f i c  for Ag pos s e s s i ng d i su l f ide bonds are not 
act ivated by WAB4 c e l l s . T ce l l s  were s t imu l ated w i t h  or w i t hout var ious 
concent rat i ons of nat ive Ag in �M , and with CHO t rans f e c t ant WAB4 c e l l s  
( open c i rc l e s ) o r  B lymphoma ce l l s  ( c lo s e d  c i r c l e s ) a s  the APC . Cu l ture 
supernat ant s were co l l ected after 2 4  h and a s s ayed for 1 L - 2  a s  d e s c r ibed 
in t he MATERIALS AND METHODS . Va lues repres ent mean cpm of exp e r i ment a l  
cu l tures from 2 5 %  cu l ture supernat ant s i n  the 1 L - 2  a s s ay ± SD . Each 
exp e r i ment s hown i s  repres entat ive o f  three . (A) Response o f  pork 
insu l i n - spec i f i c , 1 - Ad - re s t r i c t e d  Th ce l l  hyb r i doma Pd . 2 . 3 0 .  The medium 
cont r o l s  for WAB4 and TA3 ce l l s  were 3 , 1 9 5  ± 654 and 2 , 5 1 0  ± 528 cpm , 
respect ively . (B ) Respons e of HEL - spec i f i c , 1 - Ad - re s t r i c t ed Th c e l l  
hybri doma 9 . 3 0 . B2 .  The medium cont ro l s  for WAB4 and TA3 ce l l s  were 2 , 8 8 4  
± 6 7 0  and 1 , 7 4 8  ± 1 1 1 3  cpm , respect ive ly . (e) Response o f  OVA- spe c i f i c , 
1 - Ad - re s t r i ct e d  Th c e l l  hyb r i doma 3 D O - 5 4 . 8 .  The medium cont r o l s  for WAB4 
and TA3 c e l l s  were 1 , 1 5 9  ± 6 1  and 6 8 7  ± 1 8 4  cpm , respe c t i ve ly .  (D) 
Response o f  \ - repr e s s or - speci f i c ,  1 - Ad - re s t r i c ted T c e l l  hyb r i doma 7 B7 . 3 .  
The medium cont ro l s  for WAB4 and LK3 5 . 2  ce l l s  were 3 , 9 5 6  ± 1 , 2 0 8  and 
4 , 1 2 5  ± 3 8 9  cpm , respect ive ly . 
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o f  act ivat i onproduced a t  approximat e ly l O O - fo l d  l e s s  Ag when TA3 c e l l s  

were the APC . Aga i n ,  ana l ogous resu l t s  were obt a i ned w i t h  OVA ( F igure 

6 C ) . WAB4 c e l l s  i nduced a low response only at the h i ghe s t  concent rat i o n  

o f  OVA . 

However , d i f ferent f i nd i ngs were obs e rved w i t h  a fourth Ag . WAB4 c e l l s  

i n  the pres ence of  intact Ag compet ent ly act ivated the A - repre s s o r 

spec i f i c  hyb r i doma 7B7 . 3  to s ecrete I L - 2 ( F igure 6 D ) . Th i s  f inding w i t h  

A - repr e s s o r  agrees  w i t h  a previous report t h a t  CHO t rans f e c t ant s 

e f f i c i ent ly s t imu l a t e  Th ce l l  re spons es  to p i geon cyt ochrome 5: and 

St aphyl ococ c a l  nuc l e a s e  ( 4 8 ) . Thus , the ab i l i ty o f  WAB4 c e l l s  t o  

act iva t e  T c e l l s  w a s  l imited to c e r t a i n  Ag . 

2 .  WA84 c e l l s  pre sent pept ides 

To d i s t ingu i s h  between a prob l em in Ag pres entat i on or proce s s i ng ,  

T c e  1 1  re spons es  t o  pept ides , which do not requ i re proc e s s  ing , were 

exami ned . WAB4 c e l l s  were ful ly capab l e  of 

pres ent ing t he synthet i c  pept ide o f  A - repre s s o r " . "  t o  the T c e l l s  in 

compar i s on to the B lymphoma c e l l s  ( Figure 7A ) . Add i t iona l ly ,  WAB4 

c e l l s  were more e f f i c i ent than TA3 c e l l s  in s t imu l at i ng the T c e l l s  w i t h  

t h e  synt he t i c  OVA pept ide,23 . , , ,  ( F igure 7 B ) . S imi l ar l y ,  WAB4 c e l l s  a l s o  

were more e f f e c t ive than TA3 ce l l s  at e l i c i t i ng a re spons e b y  T ce l l s  

spec i f i c  for the synthet i c  pept ide o f  HELl l . 2 5  ( F igure 7 C ) . Thus , the  

defect appears to i nvo lve Ag proc e s s i ng ,  not  pept ide pres entat ion . 

3 .  The de f e c t  o f  WA84 c e l l s  i s  rece s s ive 

To examine whe ther the proc e s s i ng defect exp r e s s e d  by WAB4 c e l l s  was  

a domi nant or r e c e s s ive t r a i t , gene t i c  comp l ementat ion was performed . 

Somat i c  ce l l  hybrids were generated by fus i ng WAB4 ce l l s  w i t h  mur i ne DCEK 

H i 7  L ce l l  f ibrob l a s t  that had been t rans fected with MHC c l a s s  II I - E' 

genes . In cont r a s t  to WAB4 c e l l s , L ce l l  t rans f e c t ants are capab l e  o f  

proc e s s ing nat ive OVA ( 8 8 ) . The hybrid WALC ce l l  l ine , unl ike WAB4 

ce l l s , ( F igure SA andB ) were ab l e  to proc e s s  e f f i c i ent ly both nat ive OVA 
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F i gure 7 .  Norma l pept ide present a t ion by WAB4 c e l l s . Secret ion o f  I L - 2  
by T ce l l s  was measured ( s ee F i g . 1 l egend ) . (A) WAB4 ce l l s  ( open 
c i r c l e s ) and B lymphoma LK3 5 . 2  ce l l s  ( c lo s e d  c i r c l e s ) as  the APe were 
incubated with 7B7 . 3  and the pept ide"." o f  A - repre s so r  at the i nd i c a t ed 
concent rat ions in �M . The resu l t s  are f rom the s ame exp e r iment as i n  
F i g . 1D . ( s e e  F i g . 1 l egend f o r  medium contro l s ) . The exp e r i ment i s  
repr e s entat ive o f  three . (B) S t imu l a t ion o f  3 00 - 5 4 . 8  w i t h  a synthe t i c  
pept ide o f  OVA,,, . , , ,  a t  the i nd i c a t e d  concent rat ions i n  �M us ing WAB4 c e l l s  
( open c i r c l e s ) and TA3 c e l l s  ( c l o s e d  c i r c l e s ) a s  the APe . The medium 
cont r o l s  for WAB4 c e l l s  and TA3 c e l l s  were 2 , 1 6 4  ± 3 5 8  and 1 , 6 5 :3 ± 1 4 1  
cpm , respect ive ly . The exper iment i s  repre sentat ive o f  three . ( e) 
S t imu l at ion of 9 . 3 0 . B2 to pept i de l l . "  of HEL at the i nd i c a t ed 
concent rat ions in �M us ing WAB4 c e l l s  ( open c i r c l e s ) and TA,j c e l l s  
( c l osed c i r c l e s ) a s  the APe . The medium cont r o l s  for WAB4 c e l l s  and TA3 
c e l l s  were 1 1 3 5  ± 1 2 8  and 1 7 3 1 ± 4 1 6 ,  respec t i ve ly .  Exp e r i ment i s  
representat ive o f  two . 
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F i gure 8 .  R e s cue o f  Ag proce s s i ng by gene t i c  comp l ement a t ion . WAB4 
c e l l s  ( open c i rc l e s ) and the c e l l  hybrid WALC ( c l o s e d  c i r c l e s ) were the  
APC ( s ee F i g . 1 legend ) . Va lues are the mean cpm o f  exp e r iment a l  
cul tures ± S D . Both exper iment s are repre s entat ive o f  three . (AJ 
Response of 3 D O - 5 4 . 8  to nat ive OVA . The medium contro l s  for WAB4 and 
WALC c e l l s  were 1 , 1 5 9  ± 43 and 8 1 8  ± 1 1 3  cpm , respect ive ly .  (BJ Response 
of 9 . 3 0 . B2 t o  nat ive HEL . The medium cont ro l s  for WAB4 and WALC c e l l s  
were 1 , 5 0 0  ± 2 3 5  and 6 5 1  ± 8 5  cpm , respect ively . 
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and HEL , indicat i ng t hat comp l ement a t ion occurred i f  each hams t e r  

chromos ome w a s  rep r e s ented among t h e  hyb r i d  popu l a t ion o f  c e l l s  wh i c h  w a s  

ana lyz ed b y  karyotyp i c  analys i s . 

4 .  Karyotypic analys i s  o f  the WALe hybrid popu l a t i on 

Karyotyp i c  analys i s  o f  the WALC hyb r i d  popu l a t i on of c e l l s  was 

conducted i n  order t o  a s s e s s  the r e l a t ive repr e s entat ion o f  hams t e r  and 

mur i ne chromo s ome s among the hybrid popu l a t ion of c e l l s . As s hown i n  

Tab l e  1 ,  there i s  p r e f erent i a l  l o s s  o f  mur ine chromo s ome s in t h e  hyb r i d  

WALC l i ne . In 1 1  karyotyped hyb r i d  c e l l s ,  a mean number of 2 8  out o f  4 7  

mur i ne L ce l l - de r i ved chromo s omes were repre s ented among the hyb r i d  

popu l a t ion o f  ce l l s . Th i s  i s  i n  cont r a s t  t o  a mean number o f  1 7  o u t  o f  

2 0  hams t e r  chromo s omes found i n  t h e  hyb r i d  l ine . A s  s hown i n  Tab l e  2 ,  

a l l  hams t e r  chromo s omes were pres ent w i t h i n  the popu l a t ion o f  c e l l s . The 

f requency o f  the individu a l  hams t e r  chromo s ome s var i ed from 2 . 4  t o  0 . 7 .  

Th i s  evidence sugge s t s  that r e s t ored proce s s i ng i n  our hyb r i d  c e l l s  i s  

unr e l ated t o  the l o s s  o f  any part icular hams t e r  chromo s ome . 

5 .  A l imited number o f  gene s mediates the de f e c t  ob s erved in WAE 4 c e l l s  

T o  e s t imate the number o f  genes medi a t i ng the d e f e c t  o f  WAB4 , t he 

hyb r i d  popu l a t ion o f  ce l l s  was c l oned v i a  c o l ony l i f t . C l oned 

popu l a t ions o f  hyb r i d  c e l l s  were expanded , and 28 c l ones were ana lyz ed 

for MHC class  II  I - Ad exp r e s s ion and for ant igen pro c e s s ing e f f i c i ency . 

As s hown in Tab l e  3 ,  2 8  c l oned hyb r i d  ce l l s  pu l s e d  w i t h  a sub - opt imal  

concent rat ion o f  OVA ( S O Il M )  exh i b i t e d  e i ther 1 o f  three p r o c e s s i ng 

phenotyp e s : supe r i o r , i n t e rmed i a t e , and poor . Tho s e  de s i gna t e d  a s  

sup e r i o r  ( e . g .  WALC . 2 1 0 )  w e r e  more comp e t ent t han t h e  unc l oned hyb r i d  

popu l a t ion o f  c e l l s  i n  e l i c i t ing a T ce l l  response from 3 DO - 5 4 . 8  whi c h  

w a s  d e f ined a s  re spons e s  greater t han 2 8 , 0 0 0  c p m  i n  t h e  T c e l l  a s s ay .  

Super i o r  c l on e s  e l i c i t e d  re spons e s  i n  a range f rom 2 9 , 0 0 0  cprn t o  4 3 , 0 0 0  

cpm . In one exp e r iment , a t o t a l  of 8 out of 1 7  c l ones were s � p e r i o r  f o r  

proc e s s ing .  Interme d i a t e  c l ones ( e . g .  WALC . 2 1 3 )  w e r e  s o  d e s c r i b e d  
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Tab l e  1 .  Karyotyp i c  ana lys i s  o f  the WALC hyb r i d  popu l at ion and 

parent a l  WAB4 c e l l s  and L c e l l s ·  

C e l l  type WAB4 L c e l l s  WALC 

Mean # of mouse Abs ent 4 7  2 8  
chromo some s 

Mean number o f  2 0  Abs ent 1 7  
hams ter chromosome s 

·Karyotyp i c  ana lys i s  was conducted ny Gene t i c  Res earch Inc . ( Durham , 
NC ) . The number of ce l l s  karyotyped were 6 ,  1 0 ,  and 1 1  for WAB4 , 
L ce l l s , and hyb r i d  ce l l s , respect ive ly .  
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Tab l e  2 .  Repre s en t a t i o n  o f  hams t e r  chromo s omes among 
WALe hybrids'  

Hams ter chromosome Mean numbe r / c e l l· 
number 

1 2 . 4  

2 1 . 3  

3 1 . 1  

4 1 . 7  

5 0 . 9  

6 1 . 2 

7 0 . 7  

8 2 . 2  

9 2 . 1  

1 0  2 . 4  

X 1 . 3  

'See Tab l e  1 legend . 
bThe mean number of individu a l  chromo s omes were 
ave raged over a l l  of t h e  c e l l s  k a ryotyp e d . 



Tab l e  3 .  Ant i gen proc e s s i ng phenotyp e s  among WALC c l on e s ·  

C e l l  type Superior Intermediate Poor 

WAB4 4 , 0 0 0  cpm 

WALC 1 6 , 4 0 0  cpm 

WALC . 2 1 0  4 3 , 0 0 0  cpm 

WALC . 2 1 3  1 6 , 4 0 5  cpm 

WALC . 2 0 5  4 , 6 0 0  cpm 

'The proc e s s i ng phenotypes for WALC c lones were determined i n  

4 5  

t h e  T c e l l  act ivat ion a s s ay descr ibed i n  t h e  MATERIALS AND 
METHODS # 3 .  Tho s e  des i gnated superior , i n t e rmediat e ,  and poor 
e l i c i t ed gre a t e r  T c e l l  respon s e s  t han the unc l oned hyb r i d  l i ne 
( � 2 9 , 0 0 0 ) , comparab l e  t o  the unc l oned popu l a t ion ( � 1 1 , 3 0 0 ) , or as 

poorly as WAB4 c e l l s  ( �2 , 3 0 0 ) , respec t ive l y ,  i n  the T c e l l  a s s ay .  
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becau s e  the i r  ab i l ity t o  e l i c i t  re spons e s  f rom OVA- spec i f i c  T c e l l s  was 

as good as the unc loned l i ne o f  hybrids . As demon s t r a t e d  i n  the T c e l l  

a s s ay ,  the unc l oned l ine WALC e l i c i t s  respons e s  a t  1 6 , 4 0 0  cpm . 

Intermed i a t e  c l ones e l i c i ted respons e s  in a range from 1 1 , 3 0 0  to 2 0 , 0 0 0 . 

A t o t a l  of 7 out o f  1 7  were intermedi a t e  for  proc e s s ing OVA . Tho s e  

de s i gnated a s  poor ( WALC . 2 0 5 )  proc e s s ed OVA a s  poorly a s  WAB4 c e l l s  

( 4 , 0 0 0  cpm ) . The s e  c l ones e l i c i t ed re spons e s  i n  a range from 2 , 3 0 0  t o  

4 , 6 0 0  cpm i n  t h e  T c e l l  a s s ay .  A t o t a l  o f  2 o u t  o f  1 7  w e r e  des igna t e d  

as poor . The f inding that a l l  c lones examined f e l l  into 3 d i s c r e t e  

cat egor i e s  argues that there a r e  a l im i t e d  numb e r  o f  gene s med i a t ing t h e  

d e f e c t  o r  that t h e  d e f e c t  invo lves a gene dos age e f f e c t . Cons i d e r i ng the 

f i nd i ng that there i s  pref erent i a l  ret ent ion o f  hams t e r  chromo s omes i n  

t h e  mur ine/hams t e r  hybrids ( Tab l e  1 ) , r e s t o ra t i on o f  the ant i gen 

proc e s s ing defect due t o  hams t e r  chromo s ome loss wou l d  be exp e c t e d  t o  b e  

l e s s  f requent t han what was ob s e rved in t he s e  s t u d i e s . However , i n  o n e  

exper iment , the vas t  maj or i ty o f  c l ones w e r e  comp e t ent APC , sugge s t i ng 

the defect i s  not the resu l t  of hams t e r  chromo s ome l os s . 

6 .  MH C  c l a s s  I I  expre s s i on by hybrid c l ones 

Becau s e  Th c e l l  act ivat ion is dependant upon recogn i t ion o f  MHC c l a s s  I I  

mo l e c u l e s  comp l exed w i t h  s t imu l atory pept ide , w e  d e t e rmined the imp a c t  

of  the l eve l o f  c l a s s  I I  expr e s s ion among o u r  hyb r i d  c l one s . Though the 

exp r e s s ion o f  MHC class  II  mo l e cu l e s  var i ed among d i f ferent c l ones , 

s t a i n i ng for c l ones 2 0 5 , 2 0 6 , and 2 0 1  i s  ident i c a l  as indi cated by mode 

f luores cence intens i ty ( Tab l e  4 ) . I n t e r e s t ingly , each of t he l a t t e r  

three c l ones pos s e s s ed t h e  three d i s t inct proc e s s i ng phenotypes d e s c r i b e d  

in s e c t ion 5 o f  t h i s  chapt e r . A s  s hown in F i gure 9 ,  a dot p l o t  o f  

proc e s s ing e f f i c i ency vs . MHC c l a s s  I I  expr e s s ion w a s  cons t ructed t o  

determine whe ther there exi s t e d  a corre l a t ion w i t h  proc e s s ing e f f i c i ency 

and MHC c l a s s  I I  expre s s i on .  Both proce s s ing e f f i c i ency ana MHC c l a s s  

I I  expre s s ion were rated o n  a s c a l e  o f  1 t o  3 .  Thos e  c l one s r e c e iving 



Tab l e  4 .  Mode f luore s c ent intens i ty of MHC 
c l a s s  II expr e s s ion among WALC c l onesa  

C e l l  type Mode F luor e s c ence 

WAB4 2 7  

TA3 3 2  

WALC 3 5  

WALC . 2 0 5  4 0  

WALC . 2 0 6 4 0  

WALC . 2 0 1  4 0  

aMode f luorescence int ens ity o f  MHC c l a s s  I I  I - Ad 
exp r e s s ion among WALC c l ones was d e t e rmined a s  
descr ibed in the MATERIALS AND METHODS # 7 .  

4 7  
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F i gure 9 .  Dot p l o t  analys i s  o f  MHC c l a s s  I I  ( I a )  expr e s s ion and 
proc e s s i ng e f f i c i ency among hyb r i d  c l ones . Twenty - e i ght hyb r i d  c l ones  
were s cored on a scale  o f  one t o  three for the i r  exp r e s s ion o f  c l a s s  I I  
and ab i l i ty t o  proce s s  OVA . A s core o f  three was given t o  c l ones  
expr e s s ing h i gher l eve l s  o f  MHC class  II  mo l e cu l e s  than the B c e l l  
lymphoma TA3 , a s  indi cated by mode f luores cence . Tho s e  s co r i ng a two 
were equ iva l ent t o  TA3 c e l l s , and those scored a s  a one expre s s ed lower 
leve l s  than TA3 c e l l s . A score o f  three for  proc e s s ing was g iven t o  
c l ones capab l e  of  s t imu l a t ing greater re spons e s  than t h e  unc l oned hyb r i d  
l i ne in t h e  1 1 -2 T c e l l  a s s ay ( s e e  Tab l e  3 l egend ) . Thos e  s cored a two 
and one were so de s i gnated i f  t hey e l i c i t ed comparab l e  or lower re spons e s  
than t h e  unc loned WALC l i ne ,  respect ively . 
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a s core o f  3 ,  2 ,  o r  1 for ant igen proc e s s i ng were supe r i o r , 

intermed i a t e , and poor , respect ive ly for proce s s i ng OVA as demons t r a t e d  

in a T c e l l  a s s ay .  Tho s e  c l ones rece iving a 3 ,  2 ,  o r  1 for MHC ,: l a s s  I I  

expre s s ed 

higher , comparab l e , or lower mode f luore s cence l eve l s  o f  I - Ad , 

respect ive ly when compared to the e f f e c t ive B c e l l  lymphoma APC , TA3 . 

Cons t ruct ing a dot p l o t  summa r i z ing the data for c l a s s  I I  expr e s s ion and 

proc e s s ing e f f i c i ency of  28 c l ones reve a l s  that the ab i l i ty of WALC 

c lones to pro c e s s  OVA is unre lated to Ia expr e s s i on and i s  vi. rtua l ly 

random ( F igure 9) . 
7 .  Surface expre s s ion of MHC c l a s s  I mol e cul e s  by hybrid c l on e s  

Becau s e  o f  t he invo lvement o f  MHC - encoded prot e i n s  i n  ant igen 

proce s s ing ,  we d e t e rmined whe ther or not there was a corre l a t i on with the  

pres ence o f  surface exp r e s s ion of  MHC class  I H - 2 K'D' prot e i n ,  wh i c h  maps 

t o  mur i ne chromosome 1 7 , in our hybrid c l ones and proc e s s ing prof i c i ency . 

To that end , the l eve l of expr e s s ion of mur i ne MHC c l a s s  I mo l e cu l e s  was 

a s s e s sed us ing f l ow cytome t ry and cu l ture supernat ant s from the mur i n e  

c e l l  l ine l S - l - S P w h i c h  recogn i z e  M H C  c l a s s  I H - 2 K'D' mo l e cu l e s . F igure 

10 is the s t a i n i ng of parent a l  L ce l l  f ibrob l a s t s  for t he l S - l - S P  

determinant . Becau s e  exp r e s s  ion of mur i ne chromos ome 1 7  - encoded MHC 

c l a s s  I H - 2 K'D' mo l e cu l e s  were b e i ng a s s e s sed i n  the hyb r i d  c l one s , we 

used L c e l l s  which are the source o f  mur ine chromo s ome 17 in the hyb r i d s  

a s  the s t andard for M H C  c l a s s  I expre s s ion .  

A t o t a l  of  1 8  c l ones were examined for MHC c l a s s  I expre s s ion . F igure 

10 s hows a repre sentat ive h i s t ogram pro f i l e  of WALC . 2 0 4  c l one 

demons trat i ng pos i t ive s t a i n i ng for MHC c l a s s  I expre s s ion . Though 

WALC . 2 0 4 c l one expre s s ed MHC c l a s s  mo l e cu l e s , i t  was p o o r  f o r  

proc e s s ing OVA . F o r  t h e  1 8  c l ones examined , 2 2 %  o f  c l ones s t a i ned 

pos i t ively for the l S - l - S P  e p i t ope , but only S O %  were sU;J e r i o r  for 

proce s s ing OVA sugge s t i ng that pres ence o f  MHC class  I mo l e cu l e s , wh i c h  
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F i gure 1 0 . H - 2 K'D' c l a s s  I exp r e s s ion among WALC c l ones . APC were 
washed , s t a ined for MHC c l a s s  I expre s s ion , and ana lyz ed by f low 
cytomet ry as descr ibed i n  the MATERIALS AND METHODS . F luore s cence 
intens i ty o f  1 0 , 0 0 0  c e l l s  was c o l l e c t e d  with logar i thmi c  amp l i f i cat i on . 
APC were incubated w i t h  s aturat i ng amount s of 1 5 - 1 - 5 P and F I TC - ant i - mous e  
ant ibod l i e s  ( s o l i d  l i ne ) or F I TC - ant i - mouse ant ibod i e s  a l one ( dashed 
l i ne ) . A .  DCEK Hi7  L ce l l s . B .  WAB4 ce l l s . C .  WALC . 2 0 4 c e l l s . 
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map s t o  chromo some 1 7 , doe s  not corre l a t e  w i t h  r e s cu e  o f  the proc e s s ing 

defect of WAB4 . I f  the pres ence o f  mur i ne chromos ome 1 7  corre l a t e d  w i t h  

r e s cue of t h e  ant igen proc e s s ing defect  o f  WAB 4 , c l one s supe r i o r , 

i n t e rmedi a t e , and poor for proc e s s i ng wou l d  exp r e s s  h i gh ,  i n t e rmed i at e ,  

and low leve l s , respect ive ly o f  MHC c l a s s  I mo l e cu l e s . 

8 .  Invariant chain expre s s ion 

To de f i ne the Ag proc e s s i ng defect , we a s s e s s e d  the comp e t ency o f  

WAB4 c e l l s  f o r  each of  t h e  known s t eps o f  t h e  MHC c l a s s  I I  proc e s s ing 

pathway . To that end , the hyb r i d  WALC and parent a l  L c e l l s  were exam i n e d  

f o r  the intrac e l l u l ar expre s s ion o f  I i  cha i n  b y  immuno f luore s c e n c e  

s t a i n i ng o f  f ixed c e l l s . Although the L ce l l  t rans f e c t ants ut i l i z ed i n  

t h e s e  exper iments exp r e s s  mRNA f o r  I i  cha i n  ( 3 8 ) , t h e  prot e i n  w a s  barely 

detectab l e  by FACS ( F igure 1 1A ) . S imi l ar l y ,  no  s i gni f i cant s t a i n ing was  

found for hyb r i d  WALC c e l l s  w i t h  the mAt ( F igure 1 1B ) . TA3 c e l l s  were 

used as a pos i t ive cont rol  and b r i ght ly s t a i ned for Ii  cha i n  ( F igure 

1 1 e ) . The parent a l  CHO ce l l s  were not inc luded in t h e s e  analys e s , 

becau s e  the mAt I n - 1 i s  spec i f i c  for mur i ne I i  cha i n  ( S O )  and does not 

cros s - react with the hams t e r  prot e in . I f  hyb r i d  ce l l s  expre s s  I i  cha i n ,  

t h i s  wou ld sugge s t  corre l a t ion w i t h  the ab i l i ty o f  the hybrids t o  pro c e s s  

ant igen . However , t h e  expre s s ion o f  I i  cha i n  d i d  not corre l a t e  w i t h  t h e  

ab i l i ty of  t h e  hyb r i d  c e l l s  to proc e s s  OVA and H E L  and as a r e s u l t  t h e  

expre s s ion o f  I i  cha i n  among hyb r i d  c l ones w a s  n o t  d e t e rmined . 

9. Norma l leve l s  o f  a spart i c  a c i d  pro teolyt i c  a c t iv i ty 

Becau s e  the defect of WAB4 i nvo lves the generat ion of s t i mu l a t ory 

pept i de fragment s from intact prot e i n  ( F igure 7 ) , we measured the  l e ve l s  

o f  proteas e s , known t o  b e  import ant for Ag proc e s s i ng , i n  the WAB4 c e l l s  

and compared t o  other comp e t ent APC . Other i nve s t igators have report ed 

that  a c i d i c  a spartyl pro t e a s e s , such as cathep s i n  D ,  are cruc i a l  for the  

gene rat ion o f  s t imu l a t ory OVA pept ides recogn i z ed by 3 DO - 5 4 . S  c e l l s  ( 5 3 -

5 5 ) . To examine the po s s ib i l i ty t hat d i m i n i s hed proteo lys i s  caused the  
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F i gure 1 1 . L o w  expr e s s ion o f  t he I i  c h a i n  cyt op l as m i c  doma i n  e p i t op e  I n -
1 b y  APC . The var i ou s  APC were f ixed , s t a ined for I i  cha i n  expre s s ion , 
and ana lyz ed by f l ow cyt ome t ry as descr ibed in the mat e r i a l s  and methods . 
F luores cence intens ity of 1 0 , 0 0 0  c e l l s  was c o l l e c t e d  w i t h  l ogar i t hmi c  
amp l i f i c a t i o n . APC incubated w i t h  s aturat i ng amount s of  1 n - l and F 1 T C 
MAR 1 8 . 5  ( s o l i d  l i ne ) or F 1 TC - MAR  1 8 . 5  a l one ( dashed l ine ) . A .  ;JCEK H i ?  
L ce l l s . B .  WALC hyb r i d  c e l l s . C .  TA3 c e l l s . 
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Ag proc e s s ing de fect , w e  compared the l eve l o f  aspartyl p r o t e o lyt i c  

a c t i v i ty in  TA3 and WAB4 ce l l s . Tot a l  ce l l  lys a t e s  from WAB4 c e l l s  

t ended t o  cont a i n  more aspart i c  a c i d  proteo lyt i c  act i v i ty t han t ho s e  f rom 

TA3 c e l l s  ( 2 . 5 6 ± 1 . 0 8 vs . 0 . 9 7 ± 0 . 7 2 uni t s  of a c t i v i ty per mg prot e i n  

f o r  WAB4 and TA3 , respect ive ly .  The intrac e l l u l a r  d i s t r ibut i o n  o f  the  

proteo lyt i c  act ivity i n  WAB4 c e l l s  was i nve s t igated by s eparat i ng 

organe l l es  from d i s rupt e d  ce l l s  by dens i ty cent r i fugat i o n  on a Perco l l  

gradi ent . The r e l a t ive d i s t r ibut ion of the i n t r ac e l l u l a r  enzyma t i c  

act ivity f o r  TA3 and WAB4 c e l l s  d i f fered s l i ght ly . The maxi m a l  

proteo lyt i c  activity i n  TA3 c e l l s  sed iment ed i n  f r ac t i o n  1 3  ( F igure l 2 A )  . 

By cont ras t ,  the h i ghe s t  l eve l in WAB4 c e l l s  was l o c a t e d  in t he s l i ght ly 

l e s s  dense f ract ion 11 ( F igure l2B ) . In addi t i on , the prof i l e  o f  the  

protease  act ivity was broader in  the lys a t e  from WAB4 c e l l s  t han that 

from TA3 c e l l s . Howeve r , for both TA3 and WAB4 , t ho s e  f r a c t i ons 

cont a i ning peak leve l s  o f  the lyso s oma l enzyme , � - ga l a c t o s idas e , 

pos s e s s ed the great e s t  aspartyl proteo lyt i c  act ivity . Furthermo r e , the  

aspartyl proteo lyt i c  act ivity in  all  fract ions from WAB4 c e l l s  was h i gh e r  

t h a n  t h a t  of  t h e  corre spond i ng fract i ons f rom TA3 c e l l s . Cons equent ly , 

low aspartyl proteo lyt i c  act i v i ty in WAB4 c e l l s  cannot exp l a i n  the  poor 

abi l i ty o f  WAB4 ce l l s  t o  s t imu l a t e  3DO - 5 4 . 8  c e l l s  with nat ive OVA . 

1 0 . The e f fe c t  of carbohydrate res idues on pro c e s s ing of OVA by WAB4 

c e l l s  

The pos s ib i l i ty t h a t  the pres ence o f  carbohydra t e s  may have 

i n t e r f ered w i t h  the OVA proc e s s i ng by WAB4 ce l l s  was exam i ned . N - l inked 

h i gh mannos e  res i du e s  on OVA were c l e aved v i a  endoglyco s i da s e - H  

t r e atment . Glycosy l a t ed and unglycosylated forms o f  OVA were s ep a r a t e d  

b y  C o n  A - S epharos e  a f f i n i ty chromatography , t e s t e d  f o r  d e g r e e  o f  

glycosylat ion b y  ELISA,  and i ncorporated i n  T ce l l  a s s ays t o  me asure 

pot ency . As  s hown i n  F igure l 3 A ,  for each form o f  OVA , TA3 r e ad i ly 

i nduced comparab l e  re spons e s  by the OVA- spec i f i c , I - Ad - re s t r i c t ed , Th c e l l  
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F i gure 1 2 . WAB4 c e l l s  pos s e s s  norma l leve l s  o f  aspartyl proteo lyt i c  
act ivity . Lys a t e s  f rom 5 X 1 0 ' c e l l s  i n  0 . 2 5  M sucros e / 2 0 mM HEPES were 
prepared by N, cavi t a t i on ,  and postnuc l e a r  supernatants were fract iona t e d  
on a 1 7 . 5  ml 2 3 %  Perco l l  gradient . One - m l  fract ions w e r e  col l e c t e d  and 
are numbered from t he top of the grad i ent . Dens i ty bead markers  were 
used to e s t imate  the dens i ty prof i l e  ( c l o s e d  r e c t ang l e s ) .  Prot e i n  
concent rat ion was determined f o r  each fract ion v i a  BeA a s s ay .  Enzyma t i c  
act iv i t i e s  were determined for each fract ion a s  d e s c r ibed i n  the  
MATERIALS AND METHODS . �yso s oma l � - ga l a c t o s idase  act i v i ty ( open c i r c l e s ) 
are expr e s s e d  in f luore s c ence uni t s . Aspartyl prot eo lyt i c  a c t i v i ty 
( c losed c i r c l e s ) was measured in organe l l e s  d i s rupt e d  by d e t e rgent . 

Va lues repre s ent the mean t o t a l  proteo lyt i c  act i v i ty per mg prot e i n  m i nu s  
t h e  mean non - aspar t i c  a c i d  proteo lyt i c  act i v i ty per m g  prot e i n  f rom t w o  
exper iment s .  (A) TA3 ce l l s  (B) WAB4 ce l l s . 
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F i gure 1 3 . Endog lycos idas e - H  tre atment o f  OVA . OVA a t  4 5 /mg/ml was 
suspended in 0 . 0 5 M c i t r a t e  buf f e r  w i t h  or w i t hout 4 5 0  mi l l iun i t s  o f  
endoglycos idase - H .  Enzyme t r eatment was a l l owed t o  proceed for 2 0  h a t  
3 7 ° C . Glycosylated and unglycosyl ated OVA was s eparated v i a  Con A
Sepharo s e  a f f i n i ty chromatography . The extent o f  glycosylat ion o f  a l l  
OVA preparat i ons was determined by EL I SA .  Preparat ions o f  glycosy l a t e d  
( c i r c l e s ) and unglycosyl a t e d  OVA ( s quare s ) w e r e  obt a i ned w i t h  ( f i l l ed 
symbo l ;  Endo - H )  or w i t hout ( empty symbo l ; mock ) enzyme t r e atment and were 
incorporated in a T c e l l  act ivat ion a s s ay a l ong w i t h  unt reated nat ive OVA 
( t r i angl e )  us i ng TA3 ( A )  or WAB4 ( B )  as the s ource of APC . 
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hyb r i doma 3 DO - 5 4 . 8 ,  sugge s t i ng that the degree o f  glycosy l a t ion had no 

bear i ng on the ab i l i ty o f  TA3 t o  gene r a t e  s t imu l a t o ry pept i d e s  o f  OVA . 

However , when WAB4 ( F igure 1 3 B )  were the s ource of APC , the remova l o f  

carbohydra t e  v i a  endo - H  t r eatment increased ant i g e n i c  pot ency comp a r e d  

t o  the nat ive form o f  OVA ( F igure 1 3 B ) . T h e  i n c r e a s e  i n  ant i g e n i c  

pot ency f o l l owing endo - H  treatment h a s  b ecome d i f f i cu l t  t o  i n t e r p r e t  w i t h  

the f i nding t h a t  OVA prepara t i ons p a s s e d  o v e r  the C o n  A- s epharo s e  c o l umn 

s t imu l ated T c e l l s  spec i f i c  for p i geon cyt ochrome � ( da t a  not s hown ) , 

indicat ive of Con A contaminat ion which i s  a T c e l l  m i t ogen . 

1 1 . Redu c t i on of OVA and HEL res tores norma l pro c e s s ing by WAB4 c e l l s  

The one shared b i ochemi c a l  charac t er i s t i c  among pork insu l i n ,  OVA , 

and HEL wh i c h  were not proc e s s e d  we l l  by WAB4 c e l l s  was the p r e s ence o f  

d i su l f i de bonds ( Tab l e  5 ) . T o  det ermine whe ther t h e  p r e s ence o f  

d i s u l f ide bonds corre l a t e d  w i t h  the ab i l i ty o f  WAB4 to proce s s  d i su l f ide 

bond cont a i n ing ant i gens , reduc e d / a l ky l a t e d  OVA ( CM - OVA) , reduced OVA ( D 

OVA) , and reduced/ a l kylated HEL ( CM - HE L )  were ana lyz ed for the i r  

ant igenic pot ency . Insu l i n  was exc luded , b e c au s e  derivat i z a t i o n  o f  Cys 

r e s i dues cau s e s  the l o s s  of ant igen i c i ty ( 6 6 ) . Ana lys i s  o f  the he l i c a l  

character b y  c i rcu l a r  di chro i sm He l i c a l  chara c t e r  f o r  e a c h  prot e i n  was  

de t e rmined by comparing mi l l idegree va lues  at 2 2 0  nm for each prot e i n  

which w a s  6 . 0 3 ,  - 3 8 . 2 7 ,  - 8 . 3 6 ,  - 3 . 6 4 ,  - 1 . 4 0  for CM - HEL , N - HEL , N - OVA , CM -

OVA , and D - OVA , 

conforma t i on of 

respect ive ly reve a l ed 

D - OVA , CM - OVA , ( F i gure 

ext ens ive loss o f  s e c ondary 

1 4 ) and CM - HEL ( F i gure 1 5 )  

compared w i t h  nat ive Ag . Paraforma l dehyde - f ixed APC presented OVA and 

HEL pept i de s , but not D - OVA , CM - OVA , nor CM - HEL ( da t a  not s hown ) , 

ind i c a t ing that the reduced preparat ions of OVA and HEL requ i re d  

proc e s s i ng .  

As s hown i n  Figure 1 6A and B ,  the T c e l l s  re sponded t o  both D - OVA 

and CM - OVA when the pos i t ive cont r o l  TA3 c e l l s  were t he s ource o f  the  

APC , as  exp e c t e d . A drama t i c  improvement i n  the ab i l i ty o f  WAB4 c e l l s  



Tab l e  5 .  Corre lat ion of pres ence of d i s u l f ide bonds in the Ag 
proc e s s ing defect of WAB4 ce l l s . 

Ant igen D i s u l f ide bond ( s )  Pro c e s s ed' 

P i geon cyt ochrome c 0 Y e s  

Lambda repre s sor 0 Y e s  

S t aphyl oco ccal 0 Yes  
nuc l e a s e  

Pork insul in 2 No 

Hen egg lysozyme 4 No 

Ova lbumin 1 No 

6 2  

"Ab i l i ty to  proc e s s  was determined i n  a T c e l l  act ivat ion a s s ay a s  
descr ibed i n  the MATERIALS AND METHODS II 3 us i ng WAB4 c e l l s  a s  th," source 
of APC . 
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F i gure 1 4 . Ext ens ive l o s s  of s econdary s t ructure of OVA a f t e r  reduct ion . 
C i rcu l a r  di chro i s m  was performed on nat ive OVA , CM - OVA , and D - OVA a t  
2 0 0 �g/ml in H , O  under N ,  atmosphere . T h e  mdeg at var ious wave l engt h s  i n  
n m  i s  i l lustrated . He l i c a l  charact e r  of t h e  prot e i n  w a s  d e t e rmined by 
mdeg at 2 2 0nm . 
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F i gure 1 5 . C i rcu l ar d i chro i sm ana lys i s  o f  HEL . He l i c a l  chara c t e r  o f  
nat ive HEL and CM - HEL w a s  d e t e rmined ( Figure 1 3  l egend ) as d e s c r i b e d  i n  
t h e  MATERIALS AND METHODS . He l i c a l  charact e r  of the prot e i n  was 
det ermined by mdeg at 2 2 0nm . 
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F i gure 1 6 . Restorat i on o f  proc e s s i ng by reduct i on o f  OVA and HEL . I L - 2  
re sponse o f  T ce l l s  w i t h  TA3 ( c lo s e d  c i r c l e s ) and WAB4 c e l l s  ( open 
c i r c l e s ) a s  t he APC ( see Figure 1 l egend) . (A) Response o f  3 D O - 5 4 . 8  t o  
D - OVA . (B ) Response o f  3 D O - 5 4 . 8  t o  CM - OVA . (A) and (B) a r e  f rom t h e  
s ame expe r i ment which i s  repre s entat ive o f  four . The medium contro l s  f o r  
WAB4 and TA3 ce l l s  w e r e  3 , 4 1 1  ± 4 7 2  and 1 , 5 3 4  ± 5 8  cpm , r e s p e c t ive ly . 
(C) St imu l a t ion of 9 . 3 0 . B2 w i t h  CM - HEL . The medium cont ro l s  for WAB4 and 

TA3 c e l l s  were 1 , 0 4 5  ± 1 7 5  and 1 , 1 1 9  ± 3 4 2  cpm , respe c t i ve ly .  The 
exp e r iment is representat ive o f  three . 
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t o  s t imu l a t e  the T c e l l s  was ob s e rved w i t h  t he denatured f o rms o f  OVA . 

With WAB4 ce l l s  as the APC , T ce l l  re spons e s  were induced by 8 �M D - OVA 

and 1 9  �M CM - OVA , whereas nat ive OVA was non - s t imu l at o ry at t he s e  

concent rat i ons ( s ee Fig . 6 �) . Intere s t i ngly , D - OVA , whi c h  cont a i ne d  a 

reduced d i s u l f ide bond , was pro c e s s e d  more e f f i c i ent ly by WAB4 t han the  

CM - OVA prepara t i on ,  wh i c h  i s  reduced and a l kyl a t e d , sugge s t i ng that 

d i s u l f ide bond reduct ion a l one may be the de f i c i ent s t ep in WAB4 - me d i a t e d  

Ag proc e s s ing . Therefore , extens ive der ivat i z a t ion o f  the 6 cys t e i n e s  

in OVA w i t h  i odoacet i c  a c i d  may inhib i t  the e f f i c i ency o f  prot e a s e 

med iated generat i on o f  s t imu l a t ory pept ides  o f  OVA by WAB4 c e l l s . The 

pres ence o f  50 �M 2 - mercapt oethano l i n  the medium did not a f f e c t  t h e  

pot ency of any forms o f  OVA ( da t a  n o t  s hown ) . Ana l ogous r e su l t s  w e r e  

a l s o  ob s e rved for CM - HEL ( F ig . 1 6  �) . In cont r a s t  to nat ive HEL ( s e e  

Fig . 6 �) , WAB4 ce l l s  read i ly i nduc ed a T c e l l  response t o  CM - HEL t o  a 

l eve l that was comparab l e  to that of TA3 c e l l s . The s e  f i nd i ngs w e r e  

ob t a ined w i t h  mu l t ip l e  preparat i ons o f  reduced A g  a n d  were not uniqu e  t o  

o n e  preparat i on ,  ind i c a t i ng t h a t  the proc e s s i ng d e f e c t  o f  WAB4 c e l l s  may 

be r e l ated t o  a poor ab i l ity t o  unfo l d  Ag cont a i ni ng d i s u l f i de bonds . 

1 2 .  Decreased c l eavage of disul f i de bonds 

Becau s e  norma l Ag proc e s s i ng was res tored t o  WAB4 c e l l s  by redu c i ng 

Ag cont a i n i ng d i s u l f ide bonds , i t  s e emed l ik e ly that WAB4 po s s e s s e d  a 

defect  in d i s u l f ide bond reduc t ion . To addr e s s  d i r e c t ly t h i s  potent i a l  

defect , the ab i l i ty o f  WAB4 c e l l s  was compared w i t h  that o f  t h e  c e l l  

hyb r i d  WALC t o  c l eave endocyt o s e d  d i s u l f ide bonds . Ce l l s , who s e  s u r f a c e  

membranes w e r e  l ab e l ed w i t h  "' I - tyn - S S - PDL at o o C ,  w e r e  a l lowed t o  

interna l i z e  the iodinated conj ugate at 3 7 ° C  u p  t o  2 h .  A t  the  e n d  o f  t h e  

i ncubat ion , add i t iona l reduct ive c l e avage w a s  b l ocked w i t h  the p e rmeant 

s u l fhydryl inhib i tor , N - e t hylma l e imide . The reduct ion o f  1 2 5 I - tyn - S S - PDL , 

which i s  res i s t ant to proteo lys i s  ( 8 4 ) , was d e t e rmined by the r e l e a s e  o f  

TCA - s o lub l e  3 - t hioprop ionyl - l 2 5 I - tyramine . A s  s hown i n  F igure 1 7 , t h e  
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F i gure 1 7 . Dimini shed reduc t i on o f  d i s u l f ide bonds . WAB4 c e l l s  ( open 
c i r c l e s ) or WALC hyb r i d  c e l l s  ( c lo s e d  c i r c l e s ) were i ncub a t e d  with 1 2 5 1 _  
tyn - S S - PDL a t  3 7 ° C  for up t o  2 h a s  d e s c r ibed i n  t he MATERIALS AND 

METHODS . The ext ent of reduct ive c l e avage of the conj uga t e  was measured 
a s  the r e l e a s e  o f  TCA- s o l ub l e  radioact i v i ty . Va lues are the mean 
percent age o f  TCA- s o l ub l e  radioact ivity ± SD from two exper iment s w i t h  
dup l i cate  cu l tures . S t a t i s t i c a l  analys i s  w a s  performed b y  ANOVA . WAB4 
� WALC at 9 0  min and 1 2 0  min : p < 0 . 0 0 5 . 
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percent age o f  TeA- s o lub l e  radioact ivity increased a s  a funct i o n  o f  t ime . 

I n i t i a l ly ,  the l eve l of radioac t ivity generated by the two c e l l s  was 

s im i l ar . Howeve r , WAB4 c e l l s  had de f i c i ent redu c t ive c ap a c i t y  compared 

t o  the ce l l  hyb r i d  WALe at the l a t e r  t ime p o i nt s . The mo s t  rap i d  

reduct ion o f  t h e  conj uga t e  occurred between 6 0  and 9 0  m i n , and WAB4 c e l l s  

d i s p l ayed the mo s t  pronounced defect in  reduct ion dur i ng that s ame t ime 

interva l . By the end of the t ime cours e ,  the degree of redu c t ion of the 

conj ugate by WAB4 ce l l s  was approxima t e l y  half that by the c e l l  hyb r i d . 

1 3 .  Intra c e l lular leve l s  o f  cys te ine and glutathione 

I t  has been report e d  that the lysosomes may s e rve a s  the  

intrace l l u l a r  site  o f  d i s u l f ide bond c l e avage ( 6 7 ,  8 7 ) . The  int ent was 

to d i s s e ct the mechan i s m  by which lyso s omes ma i n t a i n  an envi ronment 

s u i t ab l e  for reduct ive c l e avage ( s ee Figure 5 )  and ana lyz e the  

prof i c i ency o f  t h i s  envi ronment i n  the defect ive WAB4 c e l l s . 

Based on the s e  ob s e rvat ions , we me asured intrac e l lu l ar l e ve l s  of GSH 

and cys t e ine in ce l l  lys at e s . As s hown i n  t ab l e  6 ,  intrace l lu l a r  l e ve l s  

o f  GSH i n  defect ive WAB4 ce l l s  were lower than GSH l eve l s  i n  lys a t e s  f rom 

other ce l l s  known t o  be pro f i c i ent APe . WAB4 c e l l s  had 5 0 - 7 3 *  o f  t he 

quant i ty of GSH on a per mg of prot e i n  bas i s  compared to the other c e l l s . 

The hybrid l i ne 1 2 5  was gene rated dur i ng the s ame fus ion as the  hyb r i d  

WALe . The d i s t inct ion between 1 2 5  and WALe r e su l t s  from dura t i o n  

respect ive l i nes were ma i n t a i ned i n  cu l ture . In add i t ion , i n t r a c e l l u l a r  

leve l s  of cys t e ine w e r e  me asured in a s e r i e s  o f  lys a t e s  gener a t e d  f rom 

a var i ety o f  comp e t ent APe . As s hown i n  Tab l e  6 ,  WAB4 did not s e em t o  

po s s e s s  s i gn i f i cant ly l ower nmo l /mg lys a t e  prot e i n  o f  cys t e i ne when 

compared to the hyb r i d  1 2 5 . In addi t i on , WAB4 s e ems to pos s e s s  

comparab l e  l eve l s  o f  nmo l /mg lys a t e  prot e i n  o f  cys t e ine compared t o  the 

macrophage l i ne c l one 63  and the B ce l l  lymphoma TA3 , sugge s t ing that the  

defect of WAB4 may not  i nvo lve de f i c i ent intrace l lu l a r  l eve l s  o f  

cys t e ine . 



Tab l e  6 .  Intrace l lu l a r  l eve l s  o f  GSH and cys t e i ne' 

C e l l  type Cys t e ine GSH 

WAB4 2 . 2 6  + 0 . 4 4 0 . 5 4 + 0 . 2 4 

1 2 5  3 . 7 6 + 2 . 7 2 1 . 0  + 0 . 1 2 

TA3 1 .  7 4  0 . 9 3 

Clone 6 3  2 . 1 5 0 . 7 4 

7 3  

" I ntra c e l l u l ar l eve l s  o f  GSH and cys t e ine i n  c e l l  lys a t e s  
were me asured according t o  t h e  methods o f  T i e t z e  ( 8 6 )  and 
Ga i t honde ( 8 5 ) , respect ive ly .  Va lues  are nmo l /mg p ro t e i n  
± SD . 
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1 4 . Cys te ine transporter a c t i v i ty 

In order to support lys o s oma l reduct ive c l eavage , cys t e i ne mus t  b e  

t ransported f rom t h e  cytop lasm i n t o  t h e  lys o s ome v i a  a lys o s oma l - sp ec i f i c  

cys t e ine t r ansport er . In order to a s s e s s  the integr i ty of t h i s  

t r ansport e r  i n  defect ive WAB4 c e l l s , t h e  l eve l and d i s t r ibut i on o f  

t ransport er act ivity w a s  measured in WAB4 c e l l s  and t h e  hyb r i d  1 2 5  c e l l s . 

The s e  ce l l s  were l abe l l ed w i t h  [ " 5 ]  cys t ine for 1 5  m i nut e s  and the  

d i s t r ibut ion o f  radioact ivity in granu l a r  p e l l e t s  was exami ned . In t h r e e  

s eparat e exp e r iment s t h e r e  was no ob s ervab l e  d i f ference i n  t he l eve l o f  

t ransporter act ivity in granu l ar p e l l e t s  f rom WAB4 a n d  WALe hyb r i d  ce l l s  

when the data were norma l i z ed for d i f f e rences i n  lys o s omal and {3 -

ga l a c t o s i d a s e  act i v i ty ( da t a  not s hown ) . In s ome exp e r i ment s ,  the 

granu l a r  p e l l e t s  o f  WAB4 and the hyb r i d  125  were fract i onated t o  

det ermine the d i s t r ibut ion of t ransporter act ivity among intrace l lu l a r  

organe l l e s . A s  s hown in F igure 1 8 ,  t h e  ma j or d i s t r ibut ion o f  a c t ivity 

r e s o l  ved into two peaks for both WAB4 and WALe hyb r i d  ce l l s . As 

det ermined by dens ity marker beads and {3 - ga l ac t o s i d a s e  act ivity ( da t a  not 

s hown ) , these peaks repre sented frac t i ons enr i ched for endo s ome s 

( f ract ions 8 - 1 1 )  and lys o s omes ( f rac t i ons 2 2 - 2 4 ) . Though both c e l l  typ e s  

po s s e s sed t ransport e r  act ivity in endos oma l and lys o s omal frac t i on s , t h e  

hyb r i d  ce l l s  h a d  grea t e r  act ivity i n  t h e  lys o s oma l frac t i ons compared t o  

t h e  endos oma l frac t i ons . The d i s t r ibut ion of act i v i ty in endo s oma l and 

lys o s omal fract ions was more equ i t ab l e  i n  the WAB4 c e l l s  which may have 

an impact on the overa l l  l eve l s  o f  cys t e ine found w i t h i n  the lys o s ome s 

o f  WAB4 c e l l s . 

1 5 . Inhib i t i on of Glutathione synthe s i s  in WALe hybrid c e l l s: .  

In o r d e r  t o  a s s e s s  d i r e c t ly the e f f e c t  o f  intrac e l l u l a r  l e ve l s  o f  

G 5 H  on ant igen proc e s s i ng , t h e  hyb r i d  WALe c e l l s , known t o  proc e s s  

comp e tent ly Ag cont a i ning d i s u l f ide bonds ( s ee Figure 7 ) , w e r �  i ncub a t e d  

w i t h  t h e  T - g l u t amyl synthe t a s e  inhib i t o r  B50 . Hyb r i d  ce l l s  were pre -
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F igure 1 8 . Cys t e i ne - sp ec i f i c  t ranspo r t e r  a c t ivity i n  WAB4 and 1 2 5  hyb r i d  
c e l l s . T h e  act ivity o f  the cys t e i ne - spec i f i c  t ransport e r  was measured 
a s  de s c r ibed by P i s o n i  e t  a l  ( 8 7 ) . Ce l l s  were l abe l e d  with [ 3 55 ]  - cys t ine 
for 1 5  minu t e s  at 3 7 ° C . Lys a t e s  were prepared by N2 cavi t a t i on ,  and 
granu l a r  pe l l et s  were generated cent r i fuga t ion a s  d e s c r ibed i n  the  
MATERIALS AND METHOD S . The granu l a r  p e l l e t s  f rom WAB4 ( Squa r e ) and 
hyb r i d  1 2 5  ( di amond ) c e l l s  were fract i onated by Perco l l  dens i t y  
grad i e nt s . T h e  l eve l o f  radioact i v i ty i n  c p m  was measured i n  one - ml 
fract ions c o l l e c t e d  f rom the top of he gradi ent . 
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t reated u p  t o  2 4  h w i t h  BSO , pu l s e d  w i t h  a sub - op t ima l concent rat i on o f  

HEL for 5 h ,  and t e s t ed for Ag proc e s s ing comp e t ency i n  a T c e l l  a s s ay .  

Concomitant w i t h  Ag pu l s e , intrace l lu l a r  l eve l s  o f  GSH and cys t e ine w e r e  

determined i n  c e l l  lys a t e s  generated f rom hyb r i d  c e l l s . Treatment o f  

hyb r i d  c e l l s  in t w o  separate exper imen t s  r e su l t ed i n  9 0 �  l o s s  o f  

intrace l lu l ar l eve l s  o f  GSH compared t o  mock - t r e a t e d  cont r o l  c e l l s . 

Cys t e ine l eve l s  of cys t e ine rema i ned una f f e c t e d  by BSO t r eatment ( da t a  

n o t  shown ) . A s  shown i n  Tab l e  7 ,  treatment o f  t h e  hyb r i d  c e l l s  w i t h  BSO 

in exper iment 1 s i gni f i cant ly a f f e c t e d  the capac i ty o f  the hyb r i d  c e l l s  

t o  proc e s s  HEL compared w i t h  unt reated cont ro l s , sugge s t i ng that BSO 

t r e a tment o f  WALC hyb r i d  c e l l s  diminishes  hyb r i d - me d i a t e d  proce s s i ng of  

HEL sugge s t ing that intrace l lu l ar leve l s  o f  GSH may b e  import ant f o r  

ant igen proces s ing .  

1 6 .  N - a c e tyl treatment o f  WAB4 c e l l s  

I f  intrac e l lular leve l s  o f  G S H  corre l a t e  w i t h  the ab i l i ty o f  APC t o  

proc e s s  Ag cont a i n ing d i su l f ide bonds , augment a t i on o f  G S H  leve l s  i n  WAB4 

c e l l s  shou l d  improve WAB4 - me d i a t ed proc e s s ing of ant i gens cont a i n i ng 

d i s u l f ide bonds . To that end , WAB4 was treated w i t h  N - acetyl cys t e i n e  

known to i n c r e a s e  intrace l lu l ar l eve l s  o f  G S H  i n  lymphocyt e s  ( 8 9 ) . The 

rate - l i m i t ing s t ep i n  the b i o synthe s i s  o f  GSH is the generat i on o f  T 

glut amyl cys t e ine f rom i t s  cons t i tuent amino a c i d s  cys t e ine and g l u t am i n e  

v i a  the act ion of T - gl u t amyl synthe t as e . N - a c e tyl  cys t e ine p r event s 

dimini shed produc t ion of GSH by providing cys t e ine , wh i c h  cou l d  o t h e rw i s e  

b e  l imi t i ng ,  t o  the b i o synt he t i c  pathway for GSH . WAB4 c e l l s  were  t r e a t e d  

w i t h  N - acetyl cys t e ine f o r  9 h .  The medium w a s  removed and rep l en i s he d  

w i t h  medium cont a i n i ng N - acetyl  cys t e i ne . I ncubat i on was a l l owed t o  

proceed f o r  1 2  h .  The treatment protoco l emp l oyed w a s  repo r t e d  t o  c au s e  

a 2 - to 3 - fo l d  incre a s e  in GSH l eve l s  ( 8 9 ) . WAB4 c e l l s  were pu l s ed w i t h  

subopt imal concent rat i ons o f  5 0  � M  H E L  f o r  5 h and t hen t e s t ed f o r  Ag 

pro c e s s ing pro f i c i ency in a T c e l l  act ivat ion a s s ay .  Concom i t ant w i t h  



Tab l e  7 .  BSO t r eatment o f  WALC hyb r i d  c e l l s ' . 

Exp # C e l l  

1 ( BS O )  WALC 

1 WALC 

2 ( BS O )  WALC 

2 WALC 

T c e l l  a s s ay 
( cpm + S D )  -

6 1 , 1 1 6  ± 2 , 4 9 3  

7 3 , 8 9 4  ± 1 , 9 8 6  

6 7 , 1 6 3  ± 4 , 5 4 5  

7 4 , 8 3 6  + 1 , 4 7 4  

7 8  

'Hybrid c e l l s  were t r e a t e d  w i t h  BSO for 2 4  h .  The c e l l s  were  
pu l s ed w i t h  subopt imal concent rat i on o f  HEL for 5 h and t e s t ed 
for proc e s s ing e f f i c i ency in a T c e l l  act ivat ion a s s ay ( s e e  
MATERIALS AND METHODS ) .  Concom i t ant w i t h  the pul s e ,  
intrac e l l u l a r  l eve l s  o f  GSH and cys t e ine were measured a s  
d e s c r ibed in  the MATERIALS AND METHOD S . S t a t i s t i ca l  ana lys i s  
was performed by unp a i red t wo - t a i l  S tudent ' s  t - t e s t . BSO � 
unt reat ed : p < 0 . 0 0 1  and p < 0 . 0 5 for exp e r iment s 1 and 2 ,  
respect ive ly . 
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Ag pu l s e ,  intrace l lu l ar l eve l s  o f  GSH were measured . A l t hough N - acetyl  

cys t e ine s hou l d  have e l evated GSH leve l s  ( 8 9 ) , we were unab l e  t o  detect  

any incre a s e  i n  intrace l lu l a r  leve l s  o f  GSH by our a s s ay ( da t a  not  

s hown ) . However , t r eatment of WAB4 w i t h  t h i s  reagent r e s u l  t e d  i n  

s igni f i cant augment at ion o f  T ce l l  re spons e s  ( Tab l e  8 ) . One pos s ib l e  

exp l anat ion for the l ack o f  augment at i on o f  GSH i n  t r e a t e d  c e l l s  may b e  

the s ens i t i v i ty o f  our a s s ay .  An a l t ernat ive method that has gre a t e r  

sens i t ivi ty emp l oys h i gh - pe rformance l iqu i d  chromat ography ( 8 9 ) , which 

was unava i l ab l e  for t h e s e  s tudi e s . 



Tab l e  8 .  N - acetyl t r eatment of WAB4 c e l l s ' . 

Exp # C e l l  T c e l l  a s s ay ( cpm + S D )  

1 WAB4 ( NAC ) 2 6 , 6 5 9  ± 1 , 8 0 6  

1 WAB4 1 9 , 0 8 2  ± 2 , 5 1 3  

2 WAB4 ( NAC ) 3 9 , 6 4 3  + 2 , 6 6 8  

2 WAB4 2 5 , 4 2 3  + 1 , 0 2 6  

'N - ac e tyl cys t e ine t r e atment of WAB4 c e l l s  w a s  condu c t e d  a s  
descr ibed i n  the MATERIALS AND METHOD S . WAB4 c e l l s  were 
pu l s ed w i t h  50  �M o f  HEL and me asured for t he i r  ab i l i ty to 
e l i c i t  a T c e l l  response as described in  the MATERIALS AND 
METHODS . S t a t i s t i c a l  ana lys i s  was performed by unp a i r e d  
Student ' s  t wo - t a i l  t - t e s t  NAC treated � unt reated p < 0 . 0 1 
and p < 0 . 0 0 1  for exp e r iment s 1 and 2 , r e s p e c t ive ly .  

8 0  



D I S CUS S ION 

We i nve s t igated the ab i l i ty of a CHO t rans f e c t ant to s t imu l at e a 

pane l of T" c e l l s  spec i f i c  for a var i e ty of Ag . The s e  APC c e l l s  were 

fu l ly capab l e  of i ndu c i ng T c e l l  re spons e s  t o  nat ive p i geon cytochrome 

�, S t aphylococcal nuc l e a s e  ( 4 8 ) , and A - repre s s or a s  s hown i n  t h i s  

d i s sertat ion . By contra s t , the CHO ce l l s  were very poor in a c t ivat i ng 

T ce l l s  spec i f i c  for intact OVA , HEL , and pork insu l i n ,  whereas  pept i de 

p r e s entation by these APC was norma l . 

Genet i c  comp l ement a t i on ana lys i s  demons t rated t hat a hyb r i d , 

generated by the fus ion of CHO c e l l s  and L ce l l  f ibrob l a s t s , proc e s s e d  

nat ive OVA and H E L  indicat i ng a r e c e s s ive defect . Any pos s ib l e  

supp r e s s ive e f f e c t s  that t h e  CHO ce l l s  may have had o n  a T c e l l  response 

are un l i k e l y ,  becau s e  suppr e s s ion s hou ld b e  a dominant charact e r i s t i c . 

Karyo t yp i c  ana lys i s  reve a l ed that each hams t e r  chromos ome was repre s e n t e d  

among the hyb r i d  popu l a t ion o f  c e l l s . Th i s  provided evidence sugge s t i ng 

that proc e s s i ng res torat i on obs e rved in the hyb r i d  c e l l s  was a r e su l t  o f  

murine chromosomal g a i n  and not hams t e r  chromo s oma l l o s s . 

Charact e r i z a t ion of proc e s s i ng ab i l ity among hyb r i d  c l ones demon s t ra t e d  

the g r e a t e r  percent age o f  hyb r i d  ce l l s  w e r e  supe r i o r  i n  proce s s i ng a 

subopt imal concent rat i on of OVA . Becau s e  there i s  p r e f erent i a l  l o s s  o f  

mur i ne chromo s ome s i n  a mou s e /hams t e r  hyb r i d , t h e  f i nd i ng that t h e  

maj o r i ty o f  c l ones a r e  sup e r i o r  f o r  proc e s s ing l ends add i t ional  support 

to the argument o f  a rece s s ive defect  comp l ement ed by mur ine chromo some s . 

Surface expr e s s ion of MHC c l a s s  I mo l e c u l e s  d i d  not corre l a t e  w i t h  the 

hybrid c l ones ab i l i ty t o  pro c e s s  Ag which sugge s t s  genes p r e s ent on 

mur ine chromo some 1 7  are not re spons i b l e  for comp l ement at ion o f  the WAB4 

8 1  



defect . 

The e f f e c t  of carbohydrate mo i e t i e s  on Ag proc e s s ing rema i n s  

uncharact e r i z ed . Becau s e  OVA i s  g lycopro t e i n  ( 9 0 , 9 1 ) , we i nve s t i g a t e d  

whe ther remova l o f  c arbohydra t e  mo i e t i e s  f rom OVA wou l d  improve i t s  

proc e s s ing b y  the defect ive c e l l s . One pos s ib l e  cand i da t e  for the  

rece s s ive defect  i s  that  WAB4 cou l d  l ack deglycosylat i ng enzyme s 

nece s s a ry for e f f i c i ent proc e s s i ng of OVA . Abs ence of t h i s  enzyme wou l d  

be cons i s t ent w i t h  t h e  rece s s ive nature o f  t he WAB4 d e f e c t . Our r e su l t s  

ut i l i z i ng Endo - H - treated unglycosy l a t ed and g lycosylated forms o f  OVA 

demons t r a t e  that remova l of t he s e  mo i e t i e s  f rom OVA r e su l t s  in a l a - fo l d  

improvement in t h e  ab i l i ty o f  WAB4 t o  e l i c i t  a response f rom T c e l l s  when 

OVA i s  s t r ipped of carbohydra t e  groups . In cont r a s t ,  mock - t r e a t e d  OVA 

lacking intact carbohydrate mo i e t i e s , does not improve WAB4 -med i a t e d  

pro c e s s i ng . The only known carbohydrate f e ature shared by Endo - H - and 

mock - t re a t e d  unglycosylated OVA s amp l e s  is the l ack o f  mannosyl r e s i du e s  

recogn i z ab l e  b y  the C o n  A co lumn . In add i t ion , the conforma t ion of mock 

or Endo - H - treated prot e i ns was unchanged compared to that of i n t a c t  

unt reated OVA as shown b y  c i rcular d i chro i sm ana lys i s  a n d  no prot e i n  

f ragment at ion w a s  detected b y  SDS - PAGE ( da t a  not s hown ) . Thus , one 

pos s ib l e  exp l anat ion for this apparent contrad i c t ion is o t h e r  

d i s t inct ions i n  carbohydrat e s t ructure rema i n  unde t e c t ed . On the o t h e r  

hand , the p r e s ence or ab s ence o f  t h e s e  carbohydrate groups d i d  not s e em 

to a f f e c t  TA3 - mediated act iva t i on of OVA- spec i f i c  T c e l l s . Thi s  f in d i ng 

may be exp l a ined by the fact  that TA3 are extreme ly comp e t  ",nt APC . 

Therefore , by mere ly byp a s s i ng a s t ep in proce s s ing for whi c h  TA3 c e l l s  

are a l ready comp l e t e ly func t ional d i d  not enhance TA3 - med i a t e d  T c e l l  

act ivat ion . Becau s e  the a f f i n i ty co lumn was made up of Con A ,  a T c e l l  

mitogen , i t  w a s  import ant t o  det ermine whether o r  not a l l  a f f i n i ty 

chroma t ography obt a i ned OVA preparat i ons were cont aminat ed w i t h  Con A .  

The s e  exper iment s s howed that APC were ab l e  t o  e l i c i t  a re spons e from the 

p i geon cyt ochrome £- spe c i f i c  T cell  hyb r i doma 2B4  us i ng a f f i n i ty - pur i f i e d  

OVA as the s ource o f  Ag . The s e  resu l t s  sugge s t  t h a t  C o n  A was p r e s ent 
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i n  the column - der ived OVA preparat i ons and a s  a r e s u l t  have made 

comp l i cated interpre t a t ion o f  t h e s e  r e s u l t s .  

Aspartyl cathep s ins D and E have been imp l i ca t e d  a s  the enzymes 

med i a t i ng the proc e s s i ng o f  nat ive OVA t o  s t imu l at ory pept i d e s  recogn i z ed 

by the T c e l l s  in our s tudy ( 5 3 - 5 5 ) . However , the  prot e a s e s  requ i red for 

the proc e s s ing o f  the other Ag have not been conc lus ive ly ident i f i e d . 

Becau s e  OVA was among the three Ag imprope r ly proc e s s e d  by CHO c e l l s , 

aspartyl proteo lyt i c  act ivity in t he s e  c e l l s  was analyz e d . Our 

exper iment s i nd i c a t e s  that t o t a l  c e l l  lys a t e s  from CHO ce l l s  pos s e s s e d  

s l ight ly greater amount s o f  aspartyl proteo lyt i c  act ivity than t hat f rom 

a B lymphoma ce l l ,  an APC e f f i c i ent at proc e s s i ng OVA . Furt hermo r e , 

analys i s  of t he enzyma t i c  content of s eparated organe l l e s  in grad i e n t  

frac t i ons reve a l e d  t h a t  the C H O  c e l l s  cont a i ned g r e a t e r  proteo lyt i c  

act ivity i n  a l l  the i r  fract ions than those  f rom t h e  B ce l l s . Thu s , 

dimini shed aspartyl proteo lyt i c  act ivi ty was not the mechan i s t i c  b a s i s  

for the OVA proce s s i ng 6efect  exp r e s s e d  by the CHO c e l l s . The r e c e s s ive 

nature o f  this defect a l s o  ru l e s  out the pos s ib i l i ty that imp a i red Ag 

pro c e s s ing resu l t s  from e l evat e d  leve l s  of prot e a s e s  which wou l d  b e  

exp e c t ed t o  b e  a dominant t r a i t  i f  i t  l e d  t o  de s t ruct i o n  o f  t h e  ant igen i c  

de t e rmi nant . 

Recent i nve s t igat i ons have empha s i z e d  the i mportance of I i  cha i n  i n  

proc e s s ing exogenous Ag ( 4 0 ,  9 2 ) . Although CHO c e l l s  d o  n o t  expre s s  a ny 

de t e c t ab l e  l eve l s  of I i  cha i n  mRNA ( K . L .  McCoy , unpub l i shed ob s e rva t i o n )  , 

the pos s ib i l i ty that the lack of I i  cha i n  i s  respon s i b l e  for t h e  

proc e s s ing defect  of t h e s e  c e l l s  i s  que s t ionab l e . L c e l l s , the fus i on 

partner , exp r e s s  mRNA for I i  cha i n  mRNA ( 3 8 ) . A cytop l a s m i c  s t a i n  for 

Ii  cha in reve a l ed low and no expr e s s i o n  o f  this  prot e i n  i n s i de the  L 

ce l l s  and the ce l l  hybr i d ,  respect ive ly , in marked cont r a s t  to a B 

lymphoma ce l l .  Yet , the c e l l  hyb r i d  was capab l e  o f  proc e s s ing both OVA 

and HEL , whereas the parent a l  CHO c e l l s  were extreme ly poor in t h i s  



8 4  

funct ion . Because the hyb r i d  l i ne o f  c e l l s  expre s s e d  low l eve l s  o f  I i  

cha in prot e i n ,  c l ones o f  the hybrid l i ne were not examined for I i  cha i n  

expres s i on . The pos s ib l e  contr ibut ion of the abs ence o f  I i  cha i n  to the 

impa i red Ag proce s s i ng exhib i t ed by CHO c e l l s  requ i r e s  add i t ional  

studi e s . 

Our resu l t s  showing that Ag lacking d i s u l f i d e s  were proc e s s e d  

norma l ly whi l e  those cont a i n i ng d i s u l f ides w e r e  n o t  proce s s e d  we l l  b y  t h e  

CHO c e l l s  sugge s t  a pos s ib l e  defect i n  d i s u l f ide redu c t ion , and s u c h  a 

defect wou l d  be a r e c e s s ive t r a i t . In agreement w i t h  t h i s  po s s ib i l i ty ,  

norma l proce s s ing o f  OVA and HEL by the CHO c e l l s  was r e s tored mer e ly by 

modi fying the Ag . Because the CHO c e l l s  read i ly proc e s s ed denatured and 

reduced forms of  OVA and HEL , the CHO c e l l s  mus t  b e  capab l e  o f  p r e s ent i ng 

the correct pept ide fragment s and provid ing the n e c e s s ary co - s t imu l a t o ry 

s igna l s  to the T c e l l s . In add i t i on ,  the norma l p r e s entat ion o f  the 

reduced forms of  HEL and OVA by the CHO c e l l s  s ugge s t s  that d i m i n i shed 

Ag interna l i zat ion i s  an unl i k e ly exp l anat i on for the proc e s s i ng d e f e c t , 

because carboxyrne thylated Ag shou l d  ent e r  the c e l l s  by f l u i d - ph a s e  

endocytos i s  s im i l a r  t o  nat ive Ag . Furthermore the enhanced proc e s s i ng 

e f f i c i ency of D - OVA and CM - OVA by the CHO c e l l s  i nd i c a t e s  that redu c t i o n  

of  d i s u l f ides i s  an import ant s t ep i n  the proc e s s i ng o f  OVA b y  APC . 

The decreased capac i ty of the CHO ce l l s  to reduce the d i s u l f ide 

l inked 1 2 5 I - tyn - SS - PDL probe compared w i t h  the hyb r i d  WALC s t rongly 

suppor t s  the hypothe s i s  that decreased d i s u l f ide redu c t ion o f  Ag c au s e s  

t h e  defect ive Ag proce s s ing . Becau s e  the conj uga t e  cons i s t s  of only D 

amino a c i d  r e s i due s , i t  i s  not suscept i b l e  to proteo lys i s  and i s  s t ab l e  

a t  acid p H  ( 8 4 ) . Therefore , the generat i on o f  TCA - s o l ub l e  fragment s 

r e f l e c t s  c e l l u l a r  capac i ty to c l e ave only d i s u l f ide bonds . Because each 

lysy l res i du e  carr i e s  a pos i t ive charge , the conjugate avi dly b i nds to 

the cell membrane and i s  e f f i c i ent ly interna l i z e d  by absorp t ive 

endocytos i s . Previou s ly it has been shown that in the f i rs t  1 5  to 3 0  
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mi n ,  fol lowing a t t a chment t o  the surface membrane , d i s u l f ide reduc t i on 

i s  b l ocked by impermeant thiol reagent s , such a s  E l lman ' s r e agent o r  p 

chloromercurobenzoy l s u l fonat e ,  sugge s t ing that dur i ng t h i s  t ime int e rva l 

reduc t i on o c curs only at the ce l l  surface ( 8 4 ) . Because the degree o f  

c l e avage o f  the conj uga t e  i s  the s ame f o r  both ce l l  typ e s  i n  the f i r s t  

3 0  min , the reduct ive c apac i ty a t  the i r  surface membranes mus t  b e  

equ iva l ent . At l a t e r  t imes , however , reduct ive c l e avage i s  not i nh i b i t e d  

b y  the s e  t h i o l  reagent s , 

ve s i c l e s  ( 8 4 ) . Between 

r e f l ect ing d i s u l f ide 

60 min and 2 h ,  

redu c t ion i n  endocyt i c  

t h e  CHO c e l l s  s howed 

s i gni f i cant ly dimi n i s hed c l e avage of 12 5 I - tyn - SS - PDL , s t rongly i nd i c a t i ng 

that these  CHO ce l l s  have decreased ve s i cular c apac i ty for intrace l lu l a r  

d i s u l f ide reduct ion . Therefore , gene t i c  comp l ement a t ion r e s t o r e s  norma l 

funct ion . Such impa i red proc e s s ing of Ag w i t h  d i su l f ide bonds r e s u l t ing 

f rom dimini shed reduct ive capab i l i t i e s  i s  apparent ly the f i r s t  examp l e  

o f  a n  APC pos s e s s i ng such a defect . 

The exact locat ion and mechani s m  by which d i s u l f i de bonds i n  

endocytosed macromo l ecu l e s  a r e  reduced i s  presently unknown . Reduc t i on 

o f  d i s u l f ide bonds o f  endocyt osed prot e i n  conj uga t e s  has been s hown t o  

occur w i t h i n  lys o s omes ( 6 7 ) , a l t hough i n  s ome c a s e s  d i s u l f i d e  bonds 

rema i n  intact dur ing the t ransport o f  d i s u l f i de - l inked prot e i n  conj ugat e s  

( 9 3 ) . The a c i d i c  p H  o f  lys o s omes i s  unfavorab l e  f o r  d i s u l f ide redu c t ion , 

a l t hough an a c i d i c  pH can prevent the ox idat ion of f r e e  s u l f hydryl 

r e s i dues ( 9 4 ) . The lysosomal membrane doe s , however , cont a i n  a 

t ranspor t e r  that t rans l o c at e s  cyt o s o l i c  cys t e ine i n t o  that o rgane l l e  ( 8 7 )  

where cys t e i ne may s e rve a s  a redu c i ng agent and may a l s o  inf luence the 

enzymat i c  a c t ivity o f  t h i o l  prot e as e s , such a s  cathep s i n  B ,  pre s umab ly 

by keeping the act ive s i t e  i n  a reduced s t a t e  ( 9 4 ) . 

The e f f i c i ency of lys o s oma l - mediated reduct i on of d i s u l f ide bonds 

is predicated on ma i nt a i n i ng s u f f i c i ent l eve l s  o f  cys t e ine w i t h i n  the 

lyso s omes . We examined the e f f i c i ency of key s t ep s  which are n e c e s s ary 
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for lys osoma l reduct ive c l e avage i n  the defect ive WAB4 ce l l s . Cyt o s o l i c  

cys t ine i s  reduced t o  cys t e ine by GSH . Compared to lys a t e s  f rom a 

var i ety of d i f f e rent c e l l  type s , WAB4 had de f i c i ent intrace l lu l a r  nmo l /mg 

l eve l s  of GSH . However , lys a t e s  f rom WAB4 c e l l s  pos s e s s ed comparab l e  

l eve l s  o f  intrace l lu l a r  cys t e ine a s  compared t o  lys a t e s  f rom other c e l l  

typ e s .  Thi s  may be exp l a i ned by the fact  that there are other potent i a l  

sources re spons i b l e  for intrace l lu l ar leve l s  o f  intrace l lu l a r  cys t e i n e . 

One of wh i c h  i s  the GSH - me d i a t e d  reduct i on o f  cys t ine to cys t e ine ; the  

other sources  are the ext race l lu l a r  supp ly o f  cys t e ine t aken up a t  t h e  

c e l l ' s  s u r f a c e  and de novo synthe s i s  o f  the non - e s s ent i a l  a m i n o  a c i d . 

Though GSH - mediated generat ion of cys t e ine may be a f f e c t e d  in the WAB4 

ce l l s , it rema ins unde t e c t e d  becau s e  of the cys t e ine t aken up at the  

surface of the c e l l s  or becau s e  of its  ab i l i ty t o  synt he s i z e  cys t e ine . 

It is a l s o  import ant to cons ider that desp i t e  the f inding that t o t a l  

l eve l s  o f  cys t e ine a r e  comparab l e  t o  other c e l l  typ e s , i t  rema ins unknown 

what the lys o s oma l content o f  cys t e ine is i n  the WAB4 c e l l s  compared to 

other APC . 

Us ing the T - g lutamyl synthe t a s e  i nh i b i t or BSO , we succe s s f u l ly 

decreased the intrac e l l u l a r  l eve l s  of GSH in the hyb r i d  ce l l s  up to 9 0 �  

o f  mock - t reated hyb r i d  ce l l s . S im i l ar to what we found in the de f e c t ive 

WAB4 c e l l s , dimi n i s hed leve l s  o f  GSH a f t e r  t o  BSO t reatment f a i l e d  to 

a f f e c t  intrace l lu l a r  leve l s  o f  cys t e ine . Aga i n ,  other sourc e s , be s i d e s  

G S H  reduc t i on ,  may ma intain intrace l lu l a r  leve l s  o f  cys t e ine . Howeve r ,  

as  shown w i t h  the defect ive WAB4 c e l l s , dimini shed l eve l s  o f  GSH 

corre l a t e  with an inab i l i ty t o  proc e s s  e f f e c t ively Ag cont a i n i ng 

d i s u l f ide bonds . In our a s s ay ,  the BSO - t reated hyb r i d  c e l l s  wh i c h  

d i s p l ayed a 9 0 �  l o s s  i n  intrac e l l u l a r  leve l s  o f  GSH , w e r e  no l onger a s  

e f f e ct ive at proc e s s i ng H E L  compared t o  mock - t re a t e d  cont rol hyb r i d  c e l l s  

a s  demons trated i n  the T ce l l  a c t ivat ion a s s ay .  

The rec iproc a l  exp e r iment corroborated f i nd i ngs ob s e rved w i t h  the  
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hyb r i d  c e l l s . I f  GSH l eve l s  were cont r ibuted to the d e f e c t  ob s e rved i n  

t h e  WAB4 c e l l s ,  increas ing G S H  leve l s  i n  t h e  WAB4 c e l l s  s hou l d  enhance 

WAB4 - mediated proc e s s ing o f  Ag cont a ining d i s u l f ide bonds . Though N 

acetyl cys t e ine h a s  been s hown to increase b y  nearly two - f o l d  ( 8 9 )  

intrac e l l u l a r  leve l s  o f  GSH , we were unsuc c e s s fu l  i n  e l evat i ng 

intrac e l lu l a r  l eve l s  of GSH in the WAB4 c e l l s  as d e t e rmined by our GSH 

a s s ay .  Th i s  may b e  exp l a ined i n  part by our method o f  measuring GSH 

l eve l s . The mos t  s ens i t ive me thod for measur ing intrac e l l u l a r  l eve l s  o f  

GSH u s e s  high performance 1 iqu i d  chromatography ( 8 9 ) . Subt l e , yet 

s i gn i f i cant , changes in  GSH leve l s  may rema i n  unde t e c t e d  by the T i e t z e  

method u s ed b y  t h i s  l aboratory ( w .  E .  Saml owski . ,  personal commun i c a t i o n )  . 

Desp i t e  the fact  that we were unab l e  to detect  change s in intrace l lu l ar 

leve l s  of GSH us ing N - acetyl cys t e ine , we did enhanc e WAB4 - med i a t e d  

proc e s s i ng o f  HEL . Though p r e l iminary , t h e s e  f i nd i ngs may sugge s t  that 

intrace l l u l a r  leve l s  o f  GSH a f f e c t  the e f f i c i ency o f  ant igen proc e s s i ng 

and that ma int enance of GSH leve l s  may be mechani s m  for the d e f e c t  in t h e  

WAB4 c e l l s . Add i t i onal s tudi es  w i l l  invo lve increas ing the s ens i t i v i t y  

for G S H  det e c t ion a n d  measur ing G S H  a n d  cys t e ine leve l s  i n  c e l l  lys a t e s  

and t h e  lys o s omes i n  medium devo i d  o f  t he s e  t h i o l s . 

Cys t e ine t ransport er act ivity at l 5 - m i n  t ime point in granu l a r  

pe l l e t s  from de f e c t ive WAB4 c e l l s  w a s  comparab l e  to t h a t  obs e rved i n  

granu l a r  p e l l e t s  f rom hyb r i d  c e l l s  sugge s t ing that cys t e ine i n  t h e  

cyt op l asm o f  WAB4 c e l l s  shou l d  be enter ing t h e  lys o s ome s . A mor e  

exhau s t ive s tudy i nvo lving t ime kinet i c s  o f  t ransporter act ivity i n  WAB4 

c e l l s  may p rove to be more revea l i ng .  Does the act ivity i n  the  WAB4 

c e l l s  compare over t ime to the act ivity over t ime in the hyb r i d  c e l l s ?  

Ini t i a l  s t u d i e s  ana lyz ing the d i s t r ibut i on o f  radioact ivity i n  

sub c e l l u l ar f r ac t i ons sugge s t s  that peak cys t e ine pump act ivity i s  found 

within frac t i ons enri ched for endo s omes and lys o s ome s . The r e l a t ive 

d i s t r ibut ion o f  this act ivity among WAB4 c e l l s  and hyb r i d  c e l l s  s e ems to 
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vary howeve r . The hyb r i d  ce l l s  may have g r e a t e r  cys t e ine t r ansport e r  

act ivity in frac t i ons enr i ched f o r  lys o s ome s a s  compared t o  the  

endosome s . I f  cys t e ine i s  indeed ne c e s s a ry for i n t r a c e l lu l ar d i s u l f ide 

c l eavage , t h e s e  data cou l d  sugge s t  that endo s ome s and lys o s ome s may s e rve 

t o  reduce prote ins cont a i n i ng d i s u l f ide bonds . Furthermore , i f  t h e  

lys o s omes are the s i t e  for intrace l lu l a r  redu c t ive c l e avage , the f a c t  

t h a t  WAB4 may have l o w e r  cys t e ine t ranspor t e r  a c t ivity in  lys o s oma l 

fract ions may partly exp l a i n  why the WAB4 c e l l s  are de f i c i ent i n  

proce s s ing Ag w i t h  d i su l f ide bonds . 

Our f i nd ings are cons i s t ent w i t h  a mode l whereby d i s u l f ide r educt i on 

occurs at an early s t ep in  Ag proc e s s i ng .  Previous evidence suppor t s  the 

vi ewpoint that prot e i n  unf o l d i ng and d i s u l f ide bond reduct ion a r e  

import ant event s dur i ng A g  proc e s s ing via  the endocyt i c  pat hway ( 6 6 - 6 8 ) . 

For examp l e , reduc t i on of d i s u l f ide bonds in i ns u l in expo s e s  two 

cys t e ine r e s idues that are a l s o  within the ant igen i c  d e t e rminant ( 6 6 , 

9 5 ) . Other Ag , such as OVA , l ack cys t e ine w i t h i n  the ant igen i c  pept ide , 

and ma int a i n  the need to be further proc e s s e d  by APC a f t e r  denaturat ion 

and reduct i on ,  regard l e s s  o f  a l ky l a t i o n  ( 9 6 ,  9 7 ) . Reduct ion o f  BSA 

rende rs  i t  more s u s c ept i b l e  t o  proteo lyt i c  c l e avage and s h i f t s  the pH 

opt imum o f  cathep s i n  D to a h i gher pH ( 6 9 )  S im i l a r  f ind i ngs were 

reported for HEL and RNa s e  A ( 6 7 ) . In s ome c a s e s , denaturat ion a l one 

c i r cumvent s the requ i rement for Ag proce s s i ng .  For examp l e , S - me t hyl 

myoglob in ( 9 8 ) , d i su l f i de - reduced apamin ( 9 9 ) , and CM - HEL ( 1 0 0 )  can b e  

pres ented b y  f ixed A P C  t o  s ome T ce l l  c l one s . In add i t i on ,  reduc t ion o f  

d i s u l f i de bonds l e ads t o  t h e  b inding o f  s ome nat ive A g  t o  f ixed APC unde r 

a c i d i c  cond i t ions ( 7 2 ) . The exact consequence of d i s u l f ide c l e avage 

var i e s  depend i ng on the Ag . 

The i mp a i red proce s s i ng of Ag w i t h  d i s u l f ide bonds by the CHO c e l l s  

corre l a t e d  w i t h  dimini shed intrac e l l u l a r  reduc t ive c apac i ty and may b e  

a s s o c i ated w i t h  decreased intrace l lu l a r  l eve l s  o f  GSH and/or a change i n  
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Both t h e  

reduct ive capac i ty a n d  the l eve l s  o f  G S H  were enhanced i n  t h e  c e l l  

hybrid . In addi t i on , the r e l a t ive d i s t r ibut i on of cys t e ine t ransport e r  

act ivity was d i f f e rent i n  t h e  hyb r i d  ce l l s ; peak l e ve l s  o f  t ranspor t e r  

act ivity w e r e  a s s oc i at e d  w i t h  t h e  lys o s oma l f r a c t ions . Al l of  t he s e  

changes i n  t h e  hyb r i d  c e l l s  were concom i t ant w i t h  t h e  r e s t or a t ion o f  

norma l Ag proces s i ng . When hyb r i d s  w e r e  t r e a t e d  w i t h  t h e  reagent BSO , 

l o s s  of e f f i c i ent Ag proc e s s i ng was a s s o c i a t e d  w i t h  a drama t i c  decre a s e  

in intrace l lu l a r  l eve l s  o f  GSH . The hybrids  were ; howeve r , ab l e  t o  

e l i c i t  su f f i c i ent re spons e s  desp i t e  a 9 0 %  drop i n  GSH . Th i s  may b e  

exp l a i ned i n  part b y  t h e  f a c t  t h a t  intrace l lu l a r  l eve l s  o f  cys t e i n e  i n  

t h e  hybrid c e l l s  w e r e  unaf f e c t e d  b y  B S O  t r e atment . Thi s  may s ugge s t  that  

both cys t e ine and GSH p l ay a r o l e  i n  the proc e s s ing o f  Ag with d i su l f ide 

bonds . The sugge s t e d  prob l em of WAB4 having the capac i ty to ma i n t a i n  

intrace l lu l ar leve l s  o f  G S H  a l ong w i t h  a pos s ib l e  inab i l i ty t o  ma i nt a i n  

peak l eve l s  of  cys t e ine t ransporter act ivity at t h e  lys o s oma l membrane 

are all  cons i s t ent with a gene t i c  defect  i nvo lving a l im i t e d  numb e r  of 

genes . 

Becau s e  the defect ive WAB4 c e l l s  pro c e s s  Ag l a c k i ng d i s u l f ide bonds , 

e i ther denaturat i on of t h e s e  Ag i s  not as c r i t i c a l  for t h e i r  proc e s s ing 

or occurs by a d i f f e rent mechan i s m ,  such a s  the acidic ve s i cu l a r  

environment , that i s  p r e s ent i n  t he s e  c e l l s . The mo l ec u l a r  s t ru c t u r e  o f  

t h e  A g  i t s e l f  may t hu s  d i c t a t e  t h e  l eve l o f  s t r i ngency o f  t h e  proce s s ing 

requ i rement . Therefore , further s tudy of the CHO c e l l s  may reve a l  t h e  

mechani sms b y  wh ich A g  are unfo l ded w i t h i n  the endocyt i c  comp a rtment s 

dur i ng Ag proces s ing .  
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