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G lycosy la t i on  i s  the  mos t  ex tens ive  o f  a l l  t he  pos t t rans la t i ona l  mod i f i ca t i ons ,  and  has  impor tan t
func t ions  in  the  sec re t ion ,  an t igen ic i t y  and  c lea rance  o f  g l ycopro te ins .  l n  recen t  yea rs  ma jo r  advances
have  been  made  in  the  c lon ing  o f  g l ycosy l t rans fe rase  enzymes ,  i n  unders tand ing  the  va r ied  b io log ica l
func t ions  o f  ca rbohydra tes ,  and  in  the  accura te  ana lys i s  o f  g l ycopro te in  he te rogene i t y .  l n  th i s  rev iew
we discuss the impact  of  these advances on the choice of  a recombinant host  cel l  l ine,  in opt imiz ing cel l
cu l tu re  p rocesses ,  and  in  choos ing  the  appropr ia te  l eve l  o f  g l ycosy la t i on  ana lys i s  fo r  each  s tage  o f
product  development.

Ke\ar'<lrds: glvcosl ' lat ion, recombinant, alrt igenicirr ' ,  ciearance, review, carbohydratcs

A bet tcr  r rncle rstandine of  q lvcoprotein b io.sr .nthet ic  pathrvay,s ancì
c lon i l r , .  . l  n ran i '  o f  t hc  kc '  c ' z -ymcs  in 'o l ved ,  toge the r  u , i t h
progfe : , .  ì r i  assigninq fuuct ions tc l  s1-rcci f ic  carboht 'dratc structurcs,
has ; r r . i  i r led tht .  qror . inc i r 'ork f ' r  , .p io i rat ion of  g l1 'cobio logi ,
wi th in thc biotcch'o logy industrr ' .  l -hc carbohl ,dratc componc. ts
of  g lycoprotc ins car p la) 'crucia l  ro lcs i '  protc in fo ld ing,  oì igon-, . ,
assenrb l '  and  scc rc t i t )n  I ) roccsscs ,  and  in  the  c lea rancc  o f  e l vco -
p ro tc i  ns  1 ' ron t  t  hc  b lood .s t  r can i .  Cc r ta  i  n  ca r i rohydra te  s t  ru l tu rcs
h a ' c  a l s .  [ r e c r  f ì r u r c l  t o  b c  a n t i q e n i c ,  a n d  r e g u r a t o r y  a u t h o r i t i e s
s u c l r  u '  t l r c  L l s  F o . d  a ' d  I ) r , r  A d m i n i s t r a t r o n  a r c  d c n r a ' c ì r ' g
i n c r c r ' . ; l r r : ì 1 '  s . p h i s t i c a t c d  c a r b o h ' d r a t e  a n a l v s c s  a s  I r a r t  o f  t h c
f r t r l l  l ;  \ ' t  l ì r ( racs \  r ' , r l i d l t i o l r  , .

I t  i s  r ro t  t hc  f  i l l p i yqs  o i  t h i s  r cv i c r , r ' t o  p rov ide  a  ge  nc ra l  u l r c la tc
on ar ivance s in g lvcobiologr. ,  rvhich have al rcady t reen cor.crccl  bY
sevc ra l  cxce  l l e  n t  re  ' i e * ' . s  pub l i she  d  on  b iosyn thc t i c  pa th r ' a1 ' s '  , ,
t hc  b r . l . s i ca l  I r r . pc r t i cs  o f  c . rbohvc l ra tes  ,  and  ce l l u la r  i n f l uc jnces
o n  t h e  g i ' c o . s ' i t t i o n  I r r ( ì c c ( \ '  " .  I n s t c a d ,  t h i s  r e ' i c r ' r ' i l l  f c l c u s , n
the  d i f t ' c r cnccs  in  ca rbohyc ì  ra tc  s t ruc tu rcs  tha t  n ra 'a r i se  f r .m
chor l s ing ,  r l t c rna t i ' e  qe ' r  cx i ) r css i . l l  . qys ten ls  a r - , c l  cu l tu .a  aund l
t r o t ì : ,  , i r c i r  l . ' | 1 1 ' 5 i 1 ; l o q i c a l  s i q n i f ì c a n c c ,  a n d  t h e  ì e  v c l  o f  c a r b o h r , -
d r a t r . i r r l l ' s i s  t h a t  i s  a p r p p l y i r ; i a t e  a t  e a c h  s t a g c  o l ' p r o d u c t
deve lop l l cn t .

O l igosacchar ide  s t ruc tu res  found  on  g l ycopro te ins
Ot igos l ì cchar i c j cs  can  a t tac l r  t o  p11 ;1s j r r  i n  th rec  rva t , s  (F i { r . l  ) :( i ) . \ ' i a  an  A ' -g l ' cos id i c  bonC t .  t he  l ì -g roup  o f  an  As '  , . r ì du .
v ; t t i t i .  t hc  c . r scns l l s  scqu  encc  Asn  -X -  Sc r i r fL r  (  N -g l vc .s ' l a t i on  ) .
A l l  n r  , l u rc  N- l i nked  t l l , can  s t r l Ì c tu res  ha*c  a  con l rno r ì  co re  o f
l r ' larr  ,  ,cNAc,,  r 'h ich . ì , ,  f , . , rn.r  parr  of  s inrple o l iqornanrr)sc struc-
turcs , r '  bc cr tensi 'e l '  nr .c l i f iecì  i ' , , r '  thc acid i t ion of  other resicìucs
such  as  fuc .sc ,  qa lac tosc ,  and  s ia l i c  ac ids .  H 'b r id  s t ruc tu re .s  a l so
cx ls l  ' n ' l ì c rc  onc  o r  rno re  a rn l s  o f - the  g l1 ' ca '  a re  n ' rod i f i cd  a rc i  t he
r t n l a i n i n g ,  a r n r ( s )  c . n t a i n  o n ì 1 , n r a n n o s c .  ( 2 ) \ / i a  a n  O - g l y c . s i d i c
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bond to the R-group of  Ser or  Thr (O-gì ,vcosylat ion).  O- l inkcd gly-
cosvlat ion is  extensive in st ructural  proteins suct i  as proteoel i rcans.
Srna l l  g l vcan  s tn rc tu res  can  a l so  be  O- l i n l i cd  to  thc  s idc  cha in  o Í
hvctroxl ' lvs inc or  h1'c i roxvprrol ine.  ( j  I  Carbohr-<jrate: ;  are also cont-
ponen t . s  o f  t he  g l ycophospha t id r . i rnos i r t - r l  anchor  usec l  t o  sccu re
sonrc protc ins to cel l  memlrranes.

' f hc  
Pps5c11ce  o f  these  consensus  sequcnccs  bv  no  n rcans  guar -

a l l t ccs  thc i r  g l vcos i , l a t i on .  Thcy ' shcxv  va rv ing  c i cg rces  o í  occu -

Panc ' \ '  r v i t h  o l i gosacchar idcs  (  n rac rohe te ro . l s l l s i11 ,  )  t i cpcp6 lsn1
o n  t h c i r  p o s i t i o n  u ' i t h i n  t h c  p r o t c i n  l n d  i t s  c o n f o r n t a t i o t r ,  t h c
hos t  ce l l  t vpc  uscd  fo r  exp ress ion ,  and  i t s  ph i ' s io loq ica l  s ta tus .
T h e s e  t h r e c ' f a c t o r s  a l s o  d e t c r n t i n c  t h c  e x t c n t  o f  v a r i a t i o n  i n
thc  t vpc  o f  sugar  res iducs  foL rnd  rv i th in  cac l i  o l i cos l r cchar idc
i  n r i c rohc te rogcne i t i '  ) .

Choice of  expression system
Rac te r ia .  Conrmon  bac te r ia l  cxp rcs .s i ( )n  svs tcn ls  such  as
Esclrcr ic l t ia  col i  havc no capaci tv to g l r .cost ' ia tc protc ins in c i ther N-
o r  O- l rnked  con fo rmat ions ' ' .  A ì thoueh  o the r  bac te r ia l  s t ra ins  such
iis Nci-i-scriri trtutitrgitit l i ,s havc recentlv becn shorr,n to O-gi1'cosylatc
cc r ta in  o f  t he i r  endosenous  p ro tc ins ,  thc  t r i sacchar ide  adc ìcd  i s
di f iercnt  f rom O-l inked sugars found in eukarvotes ' ' .

Ycas t .  I l t ' pc rn " rannos l , ìa t i on  ( the  add i t i on  o f  a  l a rse  nunrbc r
o f  n r a n n o s c  r e s i d u e s  t o  t h c  c o r e  o l i q o s a c c h a r i d e ) ,  i s  a  c o m n r o n

])r 'opcrt ) 'o1-ntost  veast  st ra ins ' ' '  and can conrpront isc the ef f icacr.of
recomb inan t  p ro tc ins  such  as  the  hc i ra t i t i s  l l  vacc inc ' '  (Tab le  I  ) .
I lu t  hvpcrnrannosviat io l ì  can bc prcvcnted bv cxpressing the polr , -

I . c P î i d ' , ' i n  r r r u t a r r t  v c a s t  s t r a i l l s  l e . S . . r n n n - 9  o r  t h e  t c l ì l f c r a t u r c -
scns i t i r , c  ngd-29)  i n  i vh i ch  N-g lvcosv la t i on  i s  con f incd  to  co re
o l i g ,osacch i t r i dc  res idues  u ' i t h  a  l i n t i t cd  mannosc  con ten t  (up  to
N4an,GlcN.. \c, ) ,  rcsuì t ing in nrorc e f fect ivc vaccir ìcs ' '  " .  Therc is  a lso
cvidcnce t ( )  sugscst  that  d i f tèrent  O-glvcosl ' la t ron s i tes are useci  b1'
\ ' ( 'est  i ìnd ntatnnral ian cel ls" ' .

975



FlRf lE \ f l r  ARTICLE

o.
ciq.

,̂}-,}-LrLl-ASnw

Oligomannose Complex (biantennary)

ffirnrtser
O-Glycosyiat ionHybrid

Figure 1' common oligosaccharide structures found on grycoproteins:

P lan ts .  The  fe * '  s tud ies  repor t i ng  thc  p roduc t ion  o f  hunran
pro te ins  i n  p l3n15  have  susses ted  tha t  s in rp l c  N-g l ' can  s t ruc tu res
t h a t  l a c k  s i a l i c  a c i d s  a r c  a d d e d ,  u , h i c h  n ì i ì ) . c o n ì l ) r o r r r i s c  a c t i v i r r . .
Fo r  exan tp le ,  e r r . t h ropo ie t i n  (EpO)  p ro< iucec l  i n  tobacco  ce l l s
has  no  b io log ica l  ac t i ' i t '  i '  r , i ' o ,  p resun- rab l '  bccause  o f  i t s  h i ch
c lca rance  ra tc ' ' .  Ano the  r  obs tac le  may  bc  thc  p resence  o f  r ro ten -
t ia l ly  a l lergenic residues such as core cr  i  -3 l inked fucose, ,  or  xv lose
p l -2  mannose" ' .

Insects.  l 'he baculot ' i rus- infected insect  cel l  exrrression svstem
has  become a  popu la r  rou te  fo r  recomb inan t  p ro te in  syn ihes is
because of  i ts  short  process development t imc anà potent ia l ly  h igh
yie lds.  l r4ost  evidence ro dare indicares that  the N-glycosyiat ion
capab i l i t i es  o f  t h i s  sys rem a re  l im i ted  to  p roduc ing  on ly  s im ; r le
o l i -gomannose- r ) ' pe  o l i gosacchar ides  ( l r4an . ,G icNAc , ) , ; , , ;  on l1 ,
a few studies have demonstrated complex N- l inked glycans,o.
However,  most  of  these data are der ived f rom siodoorcra
fr t tg iperda (sf9 and Sf2r  l incs) ,  and orhcr Lraculo ' i ru i - inr . . t .a
insect cell l ines nay differ. For exantple, the Ea4 line (derived fronr
Est igmena acrea) can add some terminal  galactose residues to
reconrbinant  inter fcron-J",  and secreted alkaJine phosphatase pro-
duced  in  T r i chop lus ia  n i  (TN-368  and  BT I -Tn-5B l -4  l i nes )  has

O Man,  I  G lcNAc,  A  Ga l ,  C  NeuAc,  t  Fucose,  Q Ga lNAc.

both galactosc and ternr inal  s ia l ic  acids," .
Mammals .  Spec ies  tha t  a re  phv logenc t i ca l l l '  c l o r . , r

ntar . '  bc cxi rectcd to have more elentents of  th. ,  111, ,
mach inc rv  i n  con rn ion .  Ner .e r the lcss ,  the rc  i ì r ( ,  . \ on Ìc
di  f fcrences bctrveen th e g lycosvlat ion cha racter i .s t  i  c .s o I
cc l l  l i nc .s  ( rou t inc l y  used  fo r  recomb inan t  g l vcopro re  i r r
and hunran t issues.

1 ,  l ,  L r r n a n s
.  , ,  , ,  l a t i o n
: r r r  P r i 5 i n *
l l ì r  roden t
svn t  hesis)

Mouse cel ls .  l r4ost  mammai.s express the enzl 'nre u r -3-galacto_
syl t ransferase,  wh ich qenerates Galo 1,3 -GalB 1,4 -cì  I  c  Ni \c r . ,s iducs
on membrane and secreted glycoprotc ins.  The notable crccPt ions
are  in  humans ,  apes ,  and  O ld  Wor ld  monkcys  u ' i r c r .  i i r r . f t e re
has  become inac t i va te  d  th rough  f ramesh i f t  n ru ta t i . r r s  t_e  i i a in
mouse  l i nes  such  as  hyb r idomas ,  mouse-hun la l . ì  he te r rhyb r ido -
mas ,  and  C l27  ce l l s  syn thes ize  some g lycans  rc rn l i na t ine  in
Galc 1,3-GalB 1,4-GlcNAc", , ' ,  part icular ly  rvhen gro\ \ ,n in nonìgi_
tated f lasks" '  r ' .  But  other rodent l ines such as nlou.se NS0 or rat  y0
n ryc loma,  p roduc ing  human iz -ed  an t ibod ies ,  do  no t  add  Ca lc r  1 ,3 -
G a l B l , 4 - G l c N A c " ' " ,  a n d  o n l y  i n d u c e  a  m i l d  h u n r a n  i n r r l u n e
response' . .  These residues are nìore l ikely to occur in l r i  l , r  idc lma-
de  r i ved  an t ibod ies  r t ' he re  g l ycosy la t i on  occurs  i n  rhe  ì rq r r r  cha in ,
compared to the part ia l ly  bur ied Fc glycosylat ion s i re" .  Over t0 lo of

I1Il"]:I!ry:g_9j the major glycosylation attributes for different cett expression systems.

Organism Cell type

Type of Glycosylation
Oligo- Hyper-

O-l inked mannose mannose

Saccharide Residues
Fucose Galactose Sial ic acids

o1-6 c1-3 Gal o1-3 SO.- a2,6 o2,3 Bisecting Glyco-
complex l inked l inked Gal GalNAc l inked l inked NeuGc GlcNAc sidases

Bacterium
Yeast
Plant
Insect

Hamster

Mouse

Rat
Goat & Sheep
Human

Human-Mouse

E. coli
Sacromyces
Tobacco BY2
S. frugiperda Sl9
S. lrugiperda Sf21
Trichoplusia ni
E. acrea Ea4
M. brassicae
B H K
C H O
Hybr idoma
Myeloma
c 1 2 7
J 5 5 8 1
Transgenic

Y0 Mye loma
Transgenic
Liver
Brain
Pituitary
B- lymphocy te
Namalwa
Heterohybridoma

0
0

î t

+ + + +
+ + + +

+ +
+ + +

+ + + +
î î
+ +
îî
l î

î î
?

++
2

0 ?
n ?

0 ?
0 + +
0 ?
0 ?
a ?
c ?
g ?

0 + +
0 +
0 +
g ?
g ?
l ?

0
0
0
0
I

?
0
?
?

o
n
0
0
n
î î
0
1

0 0 0
0 0 0
? 0 0
0 0 0
? ? D
! ! + +

0 0 0
? ? ?
+ 0 0
0 0 0

+ + 0 0
+ + 0 +
++ ++  ++
+ + ? + +

4 ^

! ! +

? ? +
? ? +
0 0 + +
0 0 + +
0 + + + +
0 0 +
0 0 + +
0 0 +

0
0
î î
+
?
?
0
?
0
D
n
0
0
0
0
0
0
0
î î
0
0
0
0

n
++++

0
0
0
n
0
0
0
0
U

0
0
0
0
0
0
0
0
0
0
0
n

î î
T Î

t î

+ +
t î

?

î î
+ +
+ +
î î
î î
î î
+ +

î î
î î
t î

+
î t

+

Ì
+
î î
+ +
+
+
î î
+

?
0
+

f î

+ +
?
0

?
?

Note that a few studies have,analyzed the glycosylat ion profi le of the same glycoprotein expressed in more than one system, therefore some characterist ics may
be protein-specif ic Further detai ls of individual cel l  l ines are given in the text. 0=not detected; ?=not tested; D=disputed (confl ict ing results reponel tn dif ferenl
puoi lcalons). + to ++++: an approximation of the levels of of iqoss6663r1deS detected.
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' l r a y

itnl

- , ; ' , ' , , . r  l r , ( ì  t s  c l i r c c r c t l  a g a i n s t  t h e  G a l t o l ' 3 i - ( ì a l - B l ' 4 -

lÌl::jl lì,'ì..,r.,:, ,.,iìi.ir n',." a [',c co.sequcnce of its prcser.ìcc o.
( r l c I \ r r ' - r

l j ì . r t .  [ - rac tc r i . r . : pec ì f i . .  r c r t t ova l  o f  t l r i s  cp i ì6pg  f ron t  1 'o rc i r t c
' t "_ , ^ , i " t ; " t  

cc l l s  subs tan t ia l l t '  d in r i ' i s6cs  t6c i r  reac t ion  w i th  the

: : : ; ; , i  ._r , , , ror ic  ant ibodics found in hum.n serum",  but  compar-

l - t^ t l ' . ' " , t i - ' ' , , t rse C i  l7 and chinese hamste r  o 'ary (Ct lO)-der ivcd

f i l ì  '  ,  ' ' t , i , t , . 'g . 'n act ivator  ( tPA) reveal  onl l 'minor d i f fe rcnces in

i i , . -  , , , , . , '  
n racok i t r c t i cs  i nduced  by  in te rac t ion  u ' i t h  thcse

t" t ' l ] : , : ' i ì . . , , r , t r reuranr i ' ic  acid (NeuGc) is  a der ivat ive of  the

, i r l i .  : ; ì d  N :acc ty lneuramin ic  ac id  (NeuAc) '  and  NeuGc l cve ls

have been sho$'n io be more prevalent  than NeuAc in ant ibodies

ror i r ,e<J f rot i l  nrouse or  human-mouse hybr idomasrt '  In contrast '

l i . l i " , . l " , . i " s  i n  adu l t  humans  do  no t  no rma l l v  con ta in  NeuGc,
H , r l r ' ' t

i r i ì . f i  '  . r ,  oncofetal  ant igen'0.  Lort '  levcls of  NeuGc ( l  ou 'o of  tota l

; ; ; i i . , . , .  r : ì .Jare to lerated in recon-rbinant  proteins such as EPO'but

ì r ì i l " ;  tc 'c ls  (c.g. ,  in fc tu in contain ing 7out ,  NeuGc) can el ic i t  an

ant i -Ncu(,c lnn-ìune responseo".  Furthermore,  h igh levels of  tc . rnr i -

i r ì^xàìr , , .  ,n a chimer ic CTa- lgG fusion protein are correlated

; ; ;  
"  

rapid rernoval  of  the nroleculc f rom ci rculat ion '  comparcd

to  the  sane  Pro te rn  bear ing  te rm ina l  NeuAc  res idueso ' '  The

h v d r o x y l a s e e n z ) ' m e t h a t c o n v e r t s c y t i d i n e 5 ' - p h o s p h a t e ( C M P ) -
ii."A. i,, ClrlI '-NeuGc has recently been clonedo''

iu , , , r ter  cel ls .  l r40st  of  the cHo cel l  l ines used for  recombi-

nu* pr . ] , . in  synthesis,  such as Dux-Bl  l '  have for tu i tously inact i -

íri.a'rir. gene for al_3-galactosyltransferaseo, and make low levels

o i  N .uC.  (NeuAc  i s  the  dominan t  s ia l i c  ac id  found  on  CHO-

d.r iu.a g l ,vcoproteins)" '  But  cel l  l ines such as CHO and baby

ir . r t . r " f . ianey (BHK) Iack a funct ional  o2,6-s ia l l ' l t ransferase

)ecisions governing the type of glycosylation analys"t uppto1lt$,t at u99!i99u of production'

Q1.1 ls  g lycosylat ion necessary for  the

theraPeutic Profile of the target
glycoProtein?

/o"

î o2 .2
t ^ , ' \

rQ3 
1

FtEVIEW At rT IOLE

( S . I - ) c r r z r ' r r l c , a r l c ] S \ ' t l t h e s i T - C c x c l t t s i r . e l r ' c r ] ' 3 . } i n k c d t e r r t l i n a ì s i l i l i c

ac ids  v ia  a2 '3 -S ' f ,  i n  co l l t ras t  to  l ' r u r l l an  and  n lo t r sc  cc l l s '  r r ' h i ch

have  bo th  enzy l -ncso ' .  l r 4os "  r c l c l cn t  ce l l s '  i nc ìud ing  thc  C Ì lO  cc l ì

l i n c , c a n b c g e n e t i c a l l i , r l l c l c i i f i e d t o r e s c n r i l l c t h t l t u l r r a l l g l r ' c a n

; ; , ; ; i ;  by t ransfect ion of  ap;rropr iatc c l1 'cosYl t . ransfcrases'  I ror

i " ì -1 ] t . , i t e  gene  fb r  ra t  oz ,o -s t ' h t '  been  c loncd  in to  a  r ccon ' rb i -

n a n t C H o c c l l i i n e t o p r o c l u c c g l i , c o p r o t e i n s u ' i t h b o t h c r 2 , 6 - i i n k e d
and  c r2 ,3 - l i nked  NeuAco" ' '  I n -  ac ld i t i on '  manv  mutan ts  o f  CHO

.. i i ,  t t  ut  d isplay al tered glycosl ' ìat ion pro;rcr t re s that  m.av prove

useful  hosts- for  expressi ig g lycoproteins rv i th minimal  hetero-

geneity hat'e been isolated"'

Human cel ls .  Other host  cel l  i ines have not  bcen studied in

su f f i c ien tdep th top rec ise lyde f ine the i rg l vcosy la t i o r r capab i l i t i es .
EVen the use of  human hosi  cel l  i ines is  not  perfe ct '  s ince the t rans-

format ion event requirecl  in most  cases to producc a stablc cel ì  l inc

rnr f  i t r . i i  resul t  in a l tered glycosyiat ion prot ì lesoo'  Howc,vcr '  the

human l i 'mphoblastoid XaÀaìr ' r 'a  cel l  l ine pcrforms O-l ink 'ed and

i- i i . f . "é g iycosylat ion ef f ic ient l l r '  and prc l iminar 'v  studies on

Namalu 'a-der ived recombinant tpR hanc demonstratcd al l  the

hu man -  t ,vpe glycosl ' la t ion charactcr is- t ics" ' ' ' '  A l l  n l  o t rse- h uman

heterohybr idomas examined thus far  have bee n found to fo l lo* t '

i i* gfy.Étyf ation characteristics of the mouse parental l itte" "'

Transgenic animals' Relatively few studies have been reported

on the glycosylation of recombinant proteins expressed in the milk

of tr"nig.r",ic animals' Those published from experiments in trans-

genic goats"  suggest  that  a l t rn ' level  of  conlp lex glycans ma1'  bc

ic i , i .u"ed.  Furtheimore,  inter feron-t  ( IFN-ry)  expressed in t rans-

g.r i .  
" t i . "  

showed a Sreater  proPort ion of  t runcated and ol igo-

mannose structures I t  th.  asn'  s i te compared to iFN-1 that

r"!le 2

DECISION 1

DECISION 2
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Ql .2  l l  g lycosy la t ion  does  no t  occur '  w i l l  Q1 '2

uùerlying peptide regions be 
'revealed'

to  the  immune sYstem?

Are specifìc glycan structures required Q2'1

for full theraPeutic activitY?

Are certain glycan structures/epitopes Q2'2

to be avoided?

ls mammalian glycosylation preferred? Q2'3

Mono- Stnrctural

saccharide GlYceran analYsis/

comPosition finger- ePitoPe

Question anatysis printing' determination

L J I . I

r l " 1

\ J J . Z

Q 4 . 1

Q4.2

Q4.3

0 4 ' 1

/
DECISION 4 (1C '4 .2

\
Q4'3

ls the anticipated glycosylat ion pattern

obta ined in  Prac t ice?

ls the glycosylat ion pattern obtained

consisient with activi ty measurements?

ls the glycosylat ion stable in the chosen

f  o rmula t ion?

Can a reproducible glycosylat ion pattern

be obtained on a lot-to-lot basis?

What is the optimum method to monìtor

glycosylat ion?

What methods/levels of analysis wil l  be

submitted to regulatory authorit ies?

Lot-to-lot analysis on an on-going basts

/
DECISION 3 (-+ 03.2

\
03 .3

TARGET GLYCOPROTEIN

I
I
I
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Yeast Insect (Plant) Mammaltan
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SMALL-SCALE EXPRESSION

I
I

I
I
J

DFVELOPMENT: CULTURE CONDITIONS
' CULTURE METHOD

I
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' i PRoDUCTIoN/
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Cel ls der ived f rom specia l ized t issues.  A s igni f icant  prol . ror_t i .n of  IgG nroleculcs pròduced by hunran B_l1,r .phoc), tes possc.s.sa  b i sec t i ' g  G icNAc  rcs idue  p  r  -4 '  r i nkcc r  ,n  ,ú .  r " " r . . i -B  r i ' kcdn l a n n o s e  o f  t h e  c o r e  g r ' c a n .  J ' h i - s  r e s i d u c  n l a ' p t " r , u . o t "  i n  a n t i -bod l ' -dependen t  ce r -mcc l i a ted  c1 ' to t . x rc i t y ,  and  on r i ,  cc r ta inroden t  ce l l  ì i nes  such  as  the  ra t  \ , 0  m,ve loma (bu t  no t  CHO ce l l so r  N S 0  n r 1 ' e l o m a s )  p r o d u c e  r c c o n r b i n a n t  a n r i r r o d i c . \  c o n r a i n i n gth, is  b isect ing residue".  The GlcNAc t ransferasc I I r  cnz 'n-re r 'h ichadds  thc  re .s idue .  has  been  c toned ,  ,h ; r ,  ; ; ; - ; ; ; # ; i ; ,  cx r . s rsfo r  remodc l l i ng  ch in re  r i c  an t ibod ic ,  t , u  t . rn r f . c t i ns  th i s  qcnc  in tohost  cel ls , , .

,  .A  
l a rge  b .d '  o f  c i , i dcncc  suggcs ts  tha t  na tu ra l  i sG n ro lecu lcslack ing  ga lac to .sc  a rc  assc lc ia tea - r ' i t h  rheu  mato id  a  r th r i t  i s , , , .  Th  i shas  a l so  . reen  tes ted  cxp - rc . i 1 îgn la l l v  by  p rescn t ing  the  asa rac t . s ' rg l 'cofornr .s of  a.utoani iLrodics rccogniz ing t1,pe I l  . , , l l r ; . ; ' ì ;T-ccl l -pr inred micc,  resul t i  ne in acute '  s1,no' i t is , " .  Th us,  ex ' ression

;:Ì;:: il il :::: 
": 
:t, ;l H:.1 :: : ::n t:*:.,Jni mtof s ia l ic  acids are. t 'p ical iy iound in both recombinant and naturalan t ibod ies , , ,  p robab l i ,  due  to  s te r i c  h ind rance  a t  t i r .  f .  g l1 ,co_.sylat ion s i te.

Su l fa ted  res idues  (SO,_Ga lNAc_GlcNAc)  appear  on  the  ou re rarms of  g lycans 
î ,1" :h. .9 

ro several  p l tu i tu.y '  j ly .oproi . in t  o._mones  such  as  lu te in i z ing  ho . ,no , r .  ( ru t ,  ; ú ; ; i . . p i ; ,  p ro_opiomelanocort in and cerìa in proteases such as urokinase' . , , , .A 'speci f ic  GalNAc t ransfcrase and a terminar GarNAc surfo-t rans fc rase  rec .gn ize  spec ia Ì  I - r r r re i r r  r r ro r i f s  i n  thc  
" " r . . n i l r . p , i a .( c .g . ,  P ro - l . eu -Arg )  and  a re l  ma in l l ,  res t r i c ted  to  thc  an te r ro rpi tu i tary g land.  Thercfore,  onrv cci l  r ines.  der ived f ronr i i .  1ì i ru i ru.yg land  o r  endo the l i um (such  as  A t l0  and  2g3  ce ts )  a re  ab rc  t ,  pe r -f c r rm th i s  su l f  a r i onn tu , .  A  hepa t i c  . . . . f  , o .  b inds  o l i gosacchar idcs

te rm ina t ing  w i th  SO._Ga lXac  , .es idues ,  anc l  cou ld  accoun t  fo rthe rapid remo'ar  of  surfated LH fronr the c i rculat ion in conrrastto  the  rcn rova l  o f  
. f o t i c le  

- s t i n ru ra t i ng  ho rn r .ne  and  chor ion icgo .nado t rop in ,  wh ich  bear  re rm ina r  Nc lRc  rcs i c ruesn , .  Mousc  c r27cc l l s  p roduce  a  d i f f c re  n t  pa r rc rn  o f  ,u l fa t i on  (NeuAc-c r3SO. -6c ìa r ) ,
n 'h ich occurs af ter  thc adci i r ion of  NcuAco,.

The c learance of  a g iven gl i ,coprotc in f ront  the blood stream jsh igh l '  dep re  ndenr  on  i t s  . . l i gosacchar i c res ,  pa r t i cu Ia r r '  t h . sc  tha ta re  s i tua ted  on  the
a r t i n c i a r g r y. o, 1,ro i i I :';l J ilì : : i5 i?"T ?"',,.'Jr.:: ::,,,,. i,ii"l,pcp t idcs  in  o rde r  to  i n r1 ,1 -611 .c  the i r  1 , |1x ; l l r acok inc t i c  p r< rpc r t i cs  o rto  r cnder  them rcs i s tan t  to  b r .od  p ro tcases" '0 , .  rhe re  a re  sc ' c ra rreccptors for  speci f ic  . l icosacchar iàc structures that  contr ibute tcrthe  c lea rance  o f  g Ì r ' c .p ro te ins  f rom thc  b roods t reanr ,  t he  mosrs ign i f i can t  be ing  the  as ia r .g r i ' cop ro tc in  r ccep tspó . .  o the r  b i ' d incp ro te rns  recogn ìz -e  spcc i f i c . s t ruc tu rcs  such  as  t r i e  r r {an -c r6À4an-
B Cì lcNAc-B4GlcNAc found in inter lcukin_(r  ( IL_6). , ,  f . , r t  tnàir  'g_n i f i c a n c c  i n  t h c  c l c a r a r r c r -  o f  r h n  m " i ^ . i r . ;  ̂ ; ^ ì .  :  

\ ' /  ' . ( ' u L  t r r c r

to be determinedo'. J'i: l:::. lthe. 
majoritl '  of glycoproteins renratns

p a r t i c u r a r g r ".o ro.,"i,'f :l :ì : :, :1il'll : j;',,? f i:ll :jI..,il t;i ": :(e .e . ,  t r i an tennary  o r  t c t raan tcnnar1 , )  u re  l c ì s  ru r . .1 , t ; t r i .  à . r .n " lc lcarance than biantennarY structureso, .

Cel l  cul ture condi t ions
once  the  hos t  ce '  r i ne  has  been  c i roscn ,  t r r c  cc ,  cu l tu rc  cond i t ronsshou ld  be  op t in t i zed  in  . rde  r  , o  - i " l , " , r c  g l ycopr . te in  he te  ro_

i""fi i.i',iii. :;:;::: î:teri 
o rat i on'r proa uct q uari t 1' d u,ìn g

b a t c h s a nr p r.,,;, ; ;; ;: :11,1.:H' ;:,? T,Jîì,*" :i ::: :: ::n, f':,"7in f luence both the macrohcrcrogeneìrv and microh.r . .og.r ; i ì } ,  . f
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c x p r c s s e d  r n  C I - l t )  e c l i s ,  a l t l r o u g h  t h c  l c v e l  < . r f  r l r . c o s v l u t i o l r  s i r coccu'ar ìc\ '  \ \ ,a.s r rcrca. \cr l ,  .  ( ì i 'c . f r r . tc i rs ca '  be icnr .c ic l lcc l  i , - . ,  sr t r rb i '  t  i le  l  ra t lsgct t ic  cxPr.cs.s ion of-  cxt  ra g l i :cosvl t  ra,rsfcrascs i '  t  h cnlo use l l lan- ì t Ì lar \ .  g lan d. . .

o l rgo.sacclr ; r r idcs in rccont [ r i1ant  g lyc6p1.1r1g111.. ;  ]
Cc l l  cu l tu rc  n red ia .  N lo r r . r c ì< ,n , r l

hybrictonras in sc..rnr-rrec nrediur,, ,,. l*, l i*,1.],1',1.,l: i : ' , , i ,ì nìouse
s ia l i c  ac id  a r rc ì  qa lac tosc  res i c lucs  re la r i ' c , ì ' , , r , . ì ' , ' , ; , : , j ' l  

t t ;m ina l

serunr" ,  but  rnr iboclr  salacro.s) , lar ion is  l rcrrer  i , ,  , . r . . , i , ì - :  : , i j ]  
ur ins

r ' c d i i r n r  f . r '  r c c . r r r r i ' : r n t  C H ( )  c c i l s  .  ] , , , , . r u c r , , i , ' , , ,  ì , ] l l l r " ' . t s
i n  c c l l  c r r l t u r . , r ( , s r . r i r s  i r r  n r o r c  c o r r s i s r c r r ,  _ 1 , . . : , .  i l l l l t l t ' d i e s
ach in ' cd  in  asc i re .s  f i u id ì ; . , : ' , .  Adap1n1 j1 ;n  , , f  l l l i ( ' r , ' , ' , ' '  " , . ,  t h .n

ing  a  r cconr t r i nan t  l l _ - l  n iu tan t ,  f i on . ,  , " . un_ ,_ . , rn ì  , , , , , , ì , . , ' , '  
l ' ' . dx6 -

f r ce  n red iun i ,  resu l t s  i n  subs lan t ia l  ch  
r r r r \  I ' r  se ru f i l -

:y.,h ": th. .o-pr"xrr' or grvcan .h,,1:i";',1:ì;:,ìii:lìì]1,:".*
h ig l i e r  Ievc l s  o f  t c rn r ina l  s ia ì r4a r ion  and  p rox im. r l  c r  l _ó  f  r r cos ' l a -t ion),  ard i r rcrcascs the oucraí l  I . ,e l  of  s ì r ,c .s ' lar i .n

. l -hc  
amb ie r t  g luc .sc  c . r cc ' t ra t i ou  

" f t c . i .  
t l r r  c l cs r r , , , , i r  , ,si'tat ion o' nr or àcronar a n tirr.cr i", p ru; ;;.:; ;;,ì,i,::lI ',, l,i l lutl-m a s  j n  b a t c h  c u l t u r e ' , ,  a n d  o f  i F N l f  p r o d u c c . l  6 r  i . 1 ;  

' . , , . .  
,

c o n t i n u o u s  c u l t u r c , -  .  L i p i d s  s u c l r  l r s  d o l i c h . l  r r e  t  ; r ,  i l :  i  ,  l : : ; lt hc  g i vco .sy ìa t i on  p roccss ,  anc , i  l i p r i c ì . supp len . ì cn l - s  a l r r r r c  o .  i r r  ron l -b i 'at ion rv i th l ipopr. tc i '  carr icr ,  .or ,  i r rp.n""  thc A;-grr . . r )s ' rat ion
s i te  occupancr .o f  IFN-1 ' , ' , .  \ \ / o rk  on  I
pror,ìsion of cytid i ne and uridi ne ., 

" J;l1iil::i ;T,"i;ìl: 'n',
t ion bf  increasing thc ava'ab' i ty  of  

" r . r "" , ] i . - r , : ; : : : .1: '  

{ Ì r 'c .5vl3-

The  app i i ca t i on  o f  soph is t i ca ted  ana ly t i ca i - , . . i , n iqucs  toanalrze glvcosvlat ion m icroheterogenei t '  has Iecr  t .  511 11 i . .  r  :  ì  t  crest-i ng  f i nd ings .  An  inc rease  in  thà '  pe rcen tage  o f -  o j i q t , r l ; r l r rose
(p redominan t l l '  Man ,G lcNAc , )  und  t .un .u ted  . s t rL rc tL r  r cs  hasbeen  observed  when  n ron i to r ins  bo th  recomb inan t  an t ibod ies
-1,d- . .  b1NS' myelomas,, . ' ,  and f  FN_1 macle bl , . . .orrr t r i r roniònO
ce l l s " .  l n  the  fo r rne r  s tud1 , ,  supp lementa l  nu t r i en ts  i n  fed_ba tch
cu ì tu re  d id  no t  p reven t  th i s  àe te r io ra r ion  in  e l vcosy laJon .  fnperfusion culrure of  

.BHK-21 cel ls  ; . , roducing ,  , . . . , ,n- ' f . , inrn,
IL -2  n ru tan t ,  nu t r i cn t  l i n r i t a t i ons  (g lucose ,  amin , ,  ac i , l s .  , ì r ) . 1  l edto  shor t - te r . rn  changes  in  macrohe ì " .o rcnc i t y ,  i r u t  n t ì . i  , : r . , 1g . , r -
genci ty rvas largcly,  unchanged'

Ce l l  s ta tus .  Lou ,e r ing  the  p ro te  i n  sy ,n thc t i c  ra tc  l r v  o ,c ]ohex_
inr ide inrpro 'es the glycosylat ìon s i te occupanc'  of  rcconrbrnan'
p ro lac t i n  i r roduced  by  c l27  cc l l s ' , ,  bu t  s tud ics  on  tpA  s ' ' t hes i s

l t  9 H 9  
c e l l s  s u g g c s t  t h a t  t h e  r a r e  o f  p r o r c i '  , r . , r t l . , . r i s  l r ' i t r . t f

has  l i t t l c  i n f l ucnce  on  p ro te  i n  g l1 ,cos1 , l , r t i 6n . , .  I r11 lc l i ns  an t j  d i su l_
f i de  bo 'd  f c r rn ra t i on  cc r ta in l l ' can  in f l ucncc  the  e f f ì c i c rc r  ' f  N -
l i n k c d  g l v c o s l , ì a t i o n  i n  s o n l e  p r o t c i n s .  F o r  c x a n r 1 , i , , ,  1 6 1 r ,
c o n c c n t r a t i o n s  . f  t h - c  r e d u c i n g  a g e ' t  c i i t h i o t h r c i î . 1  P r c v e n tc . t r a n s l a t i o n a l  d i s u l f i d c  b o n c r  f o . i r r t i o n  i n  t h c  c ' c i . p r r s n r i c
r e t i c r , r l u n t  a n d  l c a d  t o  c o m p ì c t e  g l v c o . s i , l a t i o n  o f  a  t l ) A  s c q u o n
t h a t  n o - r n r a l l y  u n d c r g o e s  v a r i a b ù  g l v c o s v l a t i o n ^ , , .  C e j l  g r o w t h
ra tc .  i n f l r r cnces  g l l , cos l , l t rans fe ra rJ  V  l . r , . l ,  i n  HepGl  ce l l s , , .
S t r d i L r n t  l l u t v r a t c  i s  . s o n r c t i n r c s  u s c c l  t o  i r r r l . r i r r . e  l . r o t c i n  i r  l r l l r c _
s i s ,  b u t  c a n  c h a n g e  g l v c o s ; , l a t i o n  b y  i n c l u c i n g  a  G l c N A c - r r a n s _
fc rasc  rnvo lved  in  O-g lycos r . l a t i on , ,  and  in (  r . ( , : ì s lng
s i a l ' l t r a r - r s f c r a s c  a c t i v i t f  i u  r e c o . r t r i n a n t  ( . i r ( )  . . i i s ' " ' u .
(Cur ìous l1 ' ,  [ ' r u t ' ra te  has  thc  opp .s i te  e f l ec r  i n  I  I epL ì l  cc l ] :  .  )

Bioreactor  conf igurat ion.  Mi ld hypoxia has mininral  c f l i .c ts on
the glycosl , lat ion of  ipA produc"d by. . . . , rb inant  CHO cel ls , , ,  but
i ' f l uc t r ce .s  the  l c ' c l  o f  s ia l l , l a t i "  . f  reconrb i ra ' t  FSH* ' , .  s in r i ra r l i , ,
i rFI  chanec.s u ' i th in thc range 6.9-g.2 in the ccl l  cr . r l turc nrccl iLrnr  c jo
not  har.c a dranrat ic  ef fect  on thc glycos), l . r t ion prrof i lc  of  rcconrbi-
nant  p lacental  lactogcn expressed ìn cH'o ccl ls ,  hor 'c 'cr  th, . ' r .  r r , rs
some cvidence for  underglvcosy, lat ion or-r ts ic lc  th is ranue,,  .

I n c r e a s e  s  i n  t h c  c o n c e n t r a t i o n  o f  a n r n t o n i u n . ,  i , r i  i , r  t i r , - ,  c u l -
tu re  n tcd iun r  above  2  mM n- ìav  con lp ron r i se  s ia l y ì t rans tc rascs
prescn t  i n  thc  Go lg i ,  r csu l t i ng  in  reduccd  o2 ,6_ l i nked  s ia l i c  ac ids
in  G-CSI i  p roduced  by  recomb inan t  C l lO  cc l l . s ,o .  I nc rcased
anrn ron ium ions  a l so  reduced  the  ex ten t  o f  r cconrb inan t  p lacen-  

lta l  lactogen N-cl ) 'cos), lat ion b1,  CFIO ccl ls ,  but  th is , r ,25 61,1;re n-  , rb
d c r r l  o l r  t l r c  p H '  .
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1 .  G e i s o w ,  M . J .  1 9 9 2  G i v c o P r o t e t r '
' f . ì . , ' . r  

; , r  t . ì l t ) . t ' i l  l ' s a l e s  a n c l  c r ' r ì 1 r ' r r e  s u ' e r n a t a n t s '  t 6 c  n l . s t
f l 8 3 : t t ' ' ì '  

' ,  
,  , ^  : - . t : - 1 . . . . , ,  - r  , . o r r t r r l  i ì I  I ' ? r ' r r :  

' J - h p  
c r i ì r r l ' ì l t '  c r t T \ ' r l l t 't l l , . ì ' , . i  

r r . h i c i r  i s  s ia l i c lase  r l  pcu t ra l  p I l ' ? "  r : .  ' r hc  
so lub lc  c r . t z - \ ' ' r e

0 C l t r '  "  r  .  , -  - . . r r . . - . .  ^ , , , - , , r , a ^ i ^ h r  ' . f  a L l n  r . l l c e i  , r n r l  r : r t
i t l ' ì - . . ; ,  rLrr i i ìc , .1 l r t r l r t  cul l r t rc  supcr l latant  of  CHO cel ls"  ancl  cat l
[ 3 s  t ' L ' "  r ,  

. , . . - - -  - - . - ] ^ : , - .  . , , . ] .  . ' .  . . - . ^ r r . ] . i n 1 n î  o n l  ? f )  l ' h e

ffi ;;i : q ̂'c't tr s u,:' "' | ::::ll'- :î.:,1, : :,:: ::l:: ::::i, :-l l;î:l'lì i
3"Ì.; : . i *.',. co'1,i n g f. 1 thi; .',1:li: : :l' :1î: l::: :ll::l::::l:
: : ' :  ì - , , , . i  511 r . , r . , ed  sùuc tu ra l  s im i la r t t i es  to  bac te r ia l  s ia l i dascs '  .
C l ( t t t " '  r r  r  - - , -  l - -  ^ ^  . , , .  ^  I  f , , - ^ " i A ^ " .  î ì . i .  , ' r r z v n r , '

Opiinion Struct. Biol 4:692-696
Jor , " r . " ,  D.H.  1992.  Mammal ian q lycosyl t ransferases

Î i , i , ì ì ' ' . r - '  CHt)  cc l ls  r t lso produce an o- l ' - fucosidasc,  th is cnz-r ' t -Dc
^ l t t r v " r  t  t  f - -  ^ ^ ^ ^  f - ^ -  i ^ + ^ - r  - ^ - , ' - - l . i - . r . r

Btotechnol  -  1O:331s-33i

Z .  f , r ,  O . f  V  1 9 9 2 .  G l V c o p r o l e r r r  p h a r m a c e u t l c a l s - s c r e n l i l r '  a n c  r e o u l a l o r "

considerat rons,  ano tne unr teo states orphan Drug-Act  Trend:  Etctechno

1 0 : 1  1 4 - 1 2 0 .

3 .  A b e i j o n , C . a n d H i r s c h b e r g  C ' B  1 9 9 2  T o o o g r a p h y o f  g l y c o s y l a t r o n r e s o t r o n s r r
-  

the endoplasmic ret icu lum Trends Btochem'  Scl  17:32-36

4.  Haves,  B.K,  and Har1,  G W 1994 Noveì  lcrms o l  protern g ivcosviat ion Curr

Tren c:

oroanlzat lor

il i"., nì, n'.. o r re I e.a s i. g'::: :' f- fl:.:i:: T^ :l:i'i,::':ì:]::1^ I I
l l ' i . " t i r " , . ' "s  (gp l l0  or  CI )4  ) ,  or  thc  tnorc  pcr i .phcra l  Fuc u I ' i
c ) - t  r .  r , ^ ^ . -  r - . . ^ .  " - . , , ì r .  n  - a c i À  o l v r - n r - r r o t e i n ' u t '  S i a l i d a s c ,  B -
Eiii. linkag.: frunl ,t".t'.t.t cr,-acid 

91)'tol','o-t"t-l-';ltll.*::P",
Yl ' ì . . r " r i , r t r . , '3  -h."nrr- in idasc,  and fucosidasc can be detectcd at

i l - t ì . ì . f  .  i r t  suPern r tan ts  f rom mouse  293 '  NS0 '  and  l - r1 'b r idoma

: ; ì ì . . - . , , ,  l r l r c  r i r l i d . s c  r c t i ' i r '  i s  n t u c h  l o t . ' c r  t h a r t  t h a t  f t t u r t t l  i r t

C H O  ' ' : l :  '

1p  . r  sc t t l t r l t s t rng  s tud l "  p r ' r r i f i cd  n lonoc lona ì  an t ibodv  rvas

incu l . , . r cd  r v i th  su l r c rna tan ts  f ron l  va r ious  n lamn la l i an  ce l ì  l i ncs

i , - u , l  f  1 ,  R H  K - l  I  ,  n r o u s e  C | 2 7  , l ) 3 - X 6 3 ,  A 9 6 ' 6 5 3 '  a n d  a  h u m a n -

; ; ; ì .  l r c t c r , ,hvL , r i don ra )  anc l  a t r  i nsec t  cc l l  i r ne  (SF-2 lAE) '  and

; ; i ; ì ; "  inse ct  i i , , "  sho*,ecl  e ' idencc of  g lvcosidase act i ' i t f  in  the

suPcrn l ta l l t ' ^ : '  !  ,'èont .n l led 
carbohydrate modi f ìcat ion.  Advances are being

mua. i  ,  ihc chcnr ical  product ion of  o l igosacchar ides (e 'g ' '  s1 'nthe-

, i r  ut  t l , .  core lJ-g l1 'can structure l r {an'GlcNAc'  and ol igomannose

' l v r rns  f ron r  monosacchar idcs  has  recen t l y  L l cen  ac -

i " ' rpf"6.a 
, , ' ' r , ' , ; .  ThiS ope ns the possib i l i ty  of  adding d.cf ined glv-

.on , r ru.ru.es af ter  recombinant protein synthesis and secret ion '

in 'uaai , ion,  thc c loning and expression in E.  col i  of  several  key gly-

.of , t , r .nt f . rascs $, i l l  f ic i l i tate the postharvest  re model l ing of  g lv-

cop,nt . in,  p l rocluced in cel l  cLl l ture 'u ' ' ' ' ,u ,  n laking thenr tnore

, . i .1, t , , Ì ' t l .  as hulran therapeut ic proteins '

Conc lus ions
Improventents in g l ; -cosylat ion analysis have cnabled scient is ts to

judge horv the glyc in srructures . f  recombinant q lycoproteins com-

prr i  ,o their  rù iural  human counterparts.  Ul t imately,  pr .duct i ' r r

may go bc,vond the re i terat ion of  thc human glvcosylat ion prof i le '

b. . . , , r .  i t  may,bc desirablc to a l tcr  the product 's  b ioact iv i ty  or  phar-

macokirretics in vivo by altering sirccific glvcan structures. The initial

choic.' , , i cxirression svstcnl $'i l l  continuc to be of crucial importancc'

and irs :,,,,r,1 rcconrlrinent proteins arc expressed in diffcrent cell l ines

a  pa t t cn r  o f  g l yco f t r rm p red ic t i ons  can  be  assembìed  ( l àb le  l ) '

a l thoufrh thcsi  colc lusiot- ts  ntust  remain speculat ive unt i l  morc data

arc avai ia$e . ' l 'hc i . f luences of  the cel l  cul ture Process ( inc luding thc

ef fects of  scalc-up) arc not  as rvc l l  def incd at  Present,  but  as more

studics arc pLrt ) l l5 lgd gcncr ic protocols ma) 'cmcrg,e to prodlrcc.con-

sistent  (a lbei t  hetc-rogencous) g l l ,cosvlat ion pat terns.  A nlore di f îcul t

objecr ivc f ì r r  cc l l tec l rnology.r ' ' i l lbc to produce a s inglc invar iant  prro-

te in e l , .  .  , r1ì l rn-r ,  rather than thc current  nì ix ture of  gìycoforms each

be . r ì , , , 1  . ì r t i i ' r cn t  cha r l c te r i s t i cs  (ana loeous  to  ch i ra l  scpara t ion  o f

sma l l  n ro lecn lc  d rugs ) .
An  inc reasc t - l  a r ta rcness  o f  the  in lp ro r tance  o f  p roduc t  g l yco -

s1' lat ion has lcad to more c lcta i led carbohl 'drate analysis at  ear l ie r

s tages  o f  p roc luc t  c ieve  lopn te  n t  than  in  thc  pas t .  T 'he  cho icc  o f  a

par t i cu la i  cc l l  exp ress i .n  s1 ' s ten l ,  and  thc  i n f l ucnce  o f  a  d i f f e ren t

man t t fac tu r ing  p roces .s  on  the  b iochemica l  cons is t cnc i '  o f  t hc

produl  . , r .  n, i  n, -b. ing e 'a luatcd (Table 2) .  A smal l  but  increasing
numl r , , ,  , 1  c . l Ì ' cos t ' l a t i on  ana l i ' scs  a re  reques tcd  by  I cga l  depar t -

m c n t s '  r r  I r t r  I t ì i t '  u s c  t h c  r c s r r l t i n g  i n [ o r n r a t i o n  i n  P l t e  ' t  l r I P l i 6  t -

t i ons  ro  subs tan t ia te  c la ims  and  to  d i s t i ngu ish  the i r  o rgan iz -a î i on ' s
mate  r i a l  f ron r  tha t  o l ' t hc i r  ( ( )n rpc l i t ( ) r s .
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