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The  asparagine-linked  sugar  chains of  human eryth- 
ropoietin  produced  by  recombinant  Chinese  hamster 
ovary cells and  naturally  occurring human urinary 
erythropoietin were liberated  by  hydrazinolysis  and 
fractionated  by  paper  electrophoresis, lectin affinity 
chromatography,  and  Bio-Gel P-4 column  chromatog- 
raphy.  Both  erythropoietins had three  asparagine- 
linked  sugar chains in  one  molecule, all of which were 
acidic  complex  type.  Structural analysis of  them re- 
vealed  that  the  sugar  chains  from  both  erythropoietins 
are quite  similar  except for sialyl linkage. All  sugar 
chains of  erythropoietin  produced by recombinant 
Chinese  hamster ovary cells contain only the 
NeuAca243Gal linkage, while those of human urinary 
erythropoietin  contain  the NeuAca24Gal linkage to- 
gether with the  NeuAca2+3Gal linkage. The  major 
sugar  chains were of fucosylated  tetraantennary com- 
plex type with and  without  N-acetyllactosamine re- 
peating units in  their  outer  chain  moieties  in common, 
and  small  amounts  of 2,4- and  2,g-branched  trianten- 
nary  and  biantennary  sugar  chains were detected.  This 
paper  proved,  for  the first time,  that  recombinant  tech- 
nique  can  produce  glycoprotein  hormone  whose car- 
bohydrate  structures  are common  to  the  major  sugar 
chains of  the native one. 

Erythropoietin is a glycoprotein hormone involved in the 
regulation of the level of peripheral erythrocytes (1) by stim- 
ulating the differentiation of the erythroid progenitor cells 
into  mature  erythrocytes (2). The hormone is primarily pro- 
duced in the kidney of adults (3). Therefore, the decrease of 
the erythropoietin production by the destruction of kidney 
mass (from chronic renal failure (4) or some other reasons) 
causes anemia. Highly purified erythropoietin is expected to 
be useful in the therapeutic  treatment of such a  type of anemia 
(5) .  Erythropoietin  has been purified from urine of patients 
with severe aplastic  anemia (6); however, it is quite difficult 
to obtain the sufficient amount of human  urinary  erythropo- 
ietin  (urinary  HuEPO)’ for the investigation of its chemical 
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Research from the Ministry of Education, Science and Culture of 
Japan.  The costs of publication of this article were defrayed in part 
by the payment of page charges. This article  must  therefore be hereby 
marked ‘‘Oduertisemnt” in accordance with 18 U.S.C. Section 1734 
solely to indicate this fact. 
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The abbreviations used are: urinary  HuEPO, human erythropoi- 

etin purified from the urine of patients with aplastic anemia; CHO, 
Chinese hamster ovary; rHuEPO, human erythropoietin produced in 
recombinant CHO cells;  ConA, concanavalin A DSA, Daura  stra- 
monium agglutinin; AAL, Aleuria aurantia lectin; Fuc, fucose. 

and biological properties and for the clinical application. 
In order to overcome this problem, a new approach has 

been developed  by using recombinant DNA techniques. So 
far, two groups reported the cloning of human erythropoietin 
gene and  its nucleotide sequence analysis (7, 8). Lin et  al. (8) 
has succeeded in the expression of the erythropoietin gene in 
Chinese hamster ovary (CHO) cells by recombinant tech- 
niques. The rHuEPO  has  three possible sites for N-glycosyl- 
ation,  Asn-X-Ser/Thr (7, 8), and is actually sensitive to N- 
glycanase digestion (9). Recently, Lai et  al. (43) estimated on 
the basis of amino acid sequencing data  that urinary HuEPO 
also has three  N-linked sugar chains  and one 0-linked sugar 
chain. Analysis of the monosaccharide composition of HuEPO 
performed in our laboratory confirmed the occurrence of one 
N-acetylgalactosamine residue, indicating that one 0-linked 
sugar chain is included in recombinant HuEPO (44). Sugar 
moiety of urinary HuEPO  has been  suggested to affect bio- 
logical properties such as  turnover  rate, antigenicity, and so 
on (10-14). Therefore, it is important to elucidate the sugar 
chain  structures of erythropoietin. 

Several bioactive glycoproteins have been produced in re- 
combinant mammalian cells (15-17).  Among them, the sugar 
chain  structure of human y-interferon produced  in  CHO  cells 
has been elucidated; however, its  natural  counterpart has not 
been analyzed (17). In  this paper, we will describe the com- 
parative analysis of the asparagine-linked sugar chain struc- 
tures of rHuEPO produced in CHO  cells and naturally occur- 
ring urinary  HuEPO. 

EXPERIMENTAL  PROCEDURES  AND  RESULTS’ 

Paper Electrophoresis of Oligosaccharides Released from 
Erythropoietin by Hydrazinolysis-Radioactive oligosaccha- 
rides obtained from rHuEPO  and  urinary  HuEPO by hydra- 
zinolysis  were subjected to paper electrophoresis at pH 5.4. 
As shown in Fig. 1,3 both samples contained acidic  oligosac- 
charides composed of at least seven components (A-1 to A-7) 
but no neutral oligosaccharide. When digested with sialidase 
from Arthrobacter ureafaciens, approximately 90% of the  total 
acidic oligosaccharides from rHuEPO  and 80% of those from 
urinary HuEPO were converted to neutral oligosaccharides 
(data not shown). The residual oligosaccharides migrated 

Portions of this paper (including “Experimental Procedures,” part 
of “Results,” and Figs. 3-7) are presented in  miniprint at  the end of 
this paper. Miniprint is easily read with the aid of a  standard 
magnifying glass. Full size photocopies are included in the microfilm 
edition of the Journal that is available from Waverly Press. 

Subscript OT is used to indicate NaB[3H]r-reduced oligosaccha- 
rides. All sugars mentioned in this paper were  of D-configurations 
except for  fucose,  which  was of L-configuration. 
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FIG. 1. Paper electrophoresis of the radioactive oligosac- 
charides obtained from  rHuEPO and urinary HuEPO. The 
oligosaccharides  released  from  rHuEPO (panel A )  and urinary 
HuEPO (panel B )  by hydrazinolysis were subjected  to paper electro- 
phoresis at a potential of 73 V/cm for 90 min. The arrows indicate 
the position of authentic  oligosaccharides: 0, 1, 2, 3, and 4 indicate 
non-, mono-, di-, tri-, and  tetrasialylated  Gal3.  GlcNAc3.  Man3. 
GlcNAc . GlcNAcm,  respectively 

TABLE I 
Fractionation of asialo-oligosaccharides released from rHuEP0 and 

urinary HuEPO by serial lectin affinity column  chromatography 
Molar percent of the total 

asialo-oligosaccharide 
Fractions" fraction 

rHuEP0 HuEPO 
Urinary 

ConA+AAL+ 
ConA'AAL- 

4.1 5.3 
1.9 3.7 

ConA-DSA'AAL+ 
ConA-DSA'AAL- 

ConA-DSA+AAL+ 76.6 
ConA-DSA+AAL- 

4.8 2.4 
4.1 1.2 

14.5 
8.5 12.9 

"The symbols  represent the bound (+I, the  passed-through (-), 
and  the  retarded (r) fractions,  respectively. 

around the area corresponding to monosialyl oligosaccharides 
and were then converted to neutral oligosaccharides by  mild 
methanolysis (0.05 N HC1-methanol, 37 "C, 4 h). From the 
analysis of each acidic fraction the oligosaccharides, which 
were partially sensitive to sialidase and susceptible to  the 
methanolysis, were shown to be derived from the small parts 
of A-3 to A-6  (6-10% of each fraction)  and from the major 
part of A-7 (95% of this  fraction)  (data  not shown). Thus,  the 
result suggested the presence of small amounts of oligosac- 
charides containing  both sialic acid residues and possibly 
sulfate group. The  structures of their  neutral  portions were 
common to those of sialidase-sensitive acidic oligosaccharides 
(data  not shown). However, no detailed analysis of them to 
assign the location of sialic acid and sulfate residues was 
performed because of the limited amounts of samples. 

Fractionation of Asiulo-oligosaccharides-The neutral oligo- 
saccharide fractions obtained by sialidase digestion were frac- 
tionated by a serial lectin affinity column chromatography. 
The sample was first applied to a column of ConA-Sepharose. 
The fraction which passed through the column was then 
separated  into a retarded  fraction  and a bound fraction by 
passing through a DSA-Sepharose column. Each of these 
three fractions, thus obtained, was finally fractionated by a 
column of AAL-Sepharose. The proportion of each fraction 
obtained from rHuEPO  and  urinary  HuEPO was summarized 
in Table I. There were quite similar points between two 
samples. The first is that  the major parts of oligosaccharides 
were  recovered in  the ConA-DSA' fraction in common: 85.1% 
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FIG. 2. Bio-Gel P-4 column chromatography of asialo-oli- 

gosaccharides. Asialo-oligosaccharides of rHuEPO,  fractionated 
with lectin columns as shown in Table I, were analyzed by Bio-Gel 
P-4 column  chromatography. Panel A, the ConA+AAL+ fraction; 
panel B, the ConA+AAL- fraction; panel C, the  Cod-DSA'AAL+ 
fraction; panel D, the ConA-DSA'AAL- fraction; panel E, the 
Cod-DSA+AAL+  fraction; panel F, the ConA-DSA+AAL-  fraction. 
Arrows a, b, and c indicate  the  elution  positions of authentic Gal,. 
GlcNAc,. Man3. GlcNAc . Fuc.  G~cNAcoT, 2,4-branched Gal3. Glc- 
NAc3, Man3. GlcNAc . Fuc . GlcNAco~, and Galp. GlcNAc2. Man3. 
GlcNAc . Fuc . GlcNAcm,  respectively. B h k  triangles indicate the 
elution  positions of glucose oligomers (the numbers  indicate  the 
glucose units). 

of the total asialo-oligosaccharides for rHuEPO  and 87.4% 
for urinary  HuEPO. The AAL-bound (AAL') fraction was 
also predominant in both samples: 85.6% for rHuEPO  and 
82.2% for urinary  HuEPO, indicating that large parts of 
oligosaccharides are fucosylated at their core. 

Each fraction was then analyzed by a column of Bio-Gel P- 
4. Since no qualitative difference in elution profile  was de- 
tected between the two samples, only the results obtained 
from rHuEPO were shown in Fig. 2. Four fractions except for 
the DSA+ fraction were eluted as single components (Fig. 2, 
A-D). The ConA-DSA'AAL' and AAL- fractions were  com- 
posed of four and two components, respectively (Fig. 2, E and 
F). The components thus  separated were termed as AN1 to 
AN6 for the AAL' fractions and  as AN1' to AN4' for the 
AAL- fractions  as shown in Fig. 2. 

Structural Analysis of the Sugar Chains Obtained from 
rHuEP0  and Urinary HuEPO-Structures of the oligosac- 
charides were studied by exoglycosidase digestions, Smith 
degradation, and methylation analysis as described in detail 
in the Miniprint Section of this paper and proposed as listed 
in  Table 11. 

There was no qualitative difference in the structures of 
asialo-oligosaccharides between rHuEPO  and  urinary 
HuEPO. Both samples contain  tetraantennary sugar chains 
(AN4 and AN4') as major components: 46% for rHuEPO  and 
59.9% for urinary  HuEPO. The  tetraantennary sugar chains 
with N-acetyllactosamine repeating units (AN5 and AN6) 
were also detected in both samples, but  their  contents were 
much higher in  rHuEPO (34.5%) than in urinary  HuEPO 
(7.5%). The smaller portion of oligosaccharides (17.7% for 
rHuEPO  and 32.6%  of urinary  HuEPO) had biantennary  and 
2,4-branched and 2,6-branched triantennary sugar chain 
structures. 
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Sugars of Recombinant and Native Erythropoietins 
TABLE I1 

Structures of the asparagine-linked sugar chains of rHuEP0 and urinary HuEPO 
Fucal 

6 
1 

R = GlcNAcj314GlcNAcm. R’ = GlcNAcj314GlcNAcoT. *, urinary HuEPO had a2-3 and a 2 4  linkages; 
**, the locations of the N-acetyllactosamine repeating units in the sugar chains of urinary HuEPO were not 

3659 

determined. 

Asialooligo 

fraction 

Percent  molar  ratio 

Structures  saccharide  rHuEPO  Urinary  HuEPO 
R R’ R R’ 

* {  

Gal,914GlcNAcj31+2Manal\6 

Galj314Gl~NAcj31+2Manal/1~ 
Galj314GlcNAcj3l+2Manal\6 

( N e ~ A c a 2 + 3 ) ~ - ~  Manal /13 

(NeuA~a2-*3)~-~   Manal4R/R’  

i 
AN1/1’ 4.1 1.9 5.3 3.7 

* Galj314GlcNAc@l\4  Mana14R/R’ AN2/2’ 4.8 4.1  2.4 1.2 

Galj314GlcNAcj31 Y2 

AN3/3’ 2.4  2.1 15.1 4.9 

* i  
Gal@14GlcNA~j31+2Mannal7’~ 
Galj314GlcNAcj31\6 

Galfi14GlcNAcj3lP  ManP14RIR’ AN4/4’ 39.6 6.4 51.9 8.0 
2Manal\6 

Manal P3 
(Ne~Aca2-*3)~-,  GalS14GlcNAcj3114 

Galfi1+4GlcNAcplP2 

AN5 30.2 0 6.9 0 ‘1 **{ 

Galj314GlcNAcj31 I 

Galj314GlcNAcj31P Manj314R 
Galj31+4GlcNAcj31-3 6Mana1\6 

(NeuA~a2+3)~-~ Galj314GlcNAcB114 
Manal/13 

~ a l a l - A ~ l c ~ ~ c f i 1  P 

Gal@14GlcNAcj31+ 3 Galj314GlcNAcj31 I 
** 

** 6Mana1\6 
Galj314GlcNAcpl+3 Galj31+4GlcNAcj31/12 Manj314R 

AN6  4.3 0 0.6 0 

Gal/314GlcNAc@l I4 

Gal614GlcNAcS1 F2 
Manal/f3 

The number of sialic acid residues in each acidic component 
was analyzed as follows. When sialidase digests of the acidic 
fractions as shown in Fig. 1 were separately subjected to Bio- 
Gel P-4 column chromatography, it was shown that  the 
tetraantennary oligosaccharide AN4 is included in the asialo- 
oligosaccharides of A-2,  -3, -5, and -6, respectively (data  not 
shown). Thus,  the result and  the mobility of each acidic 
fraction relative to authentic oligosaccharide standards indi- 
cated that one to four sites of AN4 are sialylated. Other 
oligosaccharides were also analyzed in  the same way (data not 
shown). Methylation analysis of the oligosaccharide fraction 
of rHuEPO before (A) and  after  (AN) sialidase treatment 
indicated that almost all sialyl residues are linked at  the C-3 
position of galactosyl residues (Table 111). This  is  in agree- 
ment with the fact that all the sialic acid residues of rHuEPO 
were susceptible to Newcastle disease virus sialidase (data  not 
shown), which specifically cleaves the Siaa2-3Gal linkage. 
In  contrast, approximately 40%  of sialyl linkages were resist- 
ant  to  this viral sialidase in  the case of urinary  HuEPO  (data 
not  shown), indicating that other linkages are involved. Meth- 
ylation analysis of oligosaccharide mixtures obtained from 
urinary  HuEPO before and  after sialidase treatment revealed 
that sialic acids in  these oligosaccharides are linked at  the C- 

3 and C-6 positions of galactose residues (data  not shown). 
Therefore, the sialyl linkages resistant to  the viral sialidase 
are considered to occur as  the  NeuAca24Gal group. 

DISCUSSION 

Several glycoproteins have recently been produced by using 
recombinant techniques (15-17). To our knowledge,  however, 
this is the  first case to have analyzed comparatively the 
naturally occurring and  the biotechnologically produced gly- 
coproteins on  the fine structural basis. 

Both  rHuEPO  and  urinary  HuEPO contained tetraanten- 
nary oligosaccharides as major components. The residual 
oligosaccharides had  biantennary  and  triantennary sugar 
chain  structures.  Both samples were also rich in fucosylated 
oligosaccharides. In addition to these similarities, some dif- 
ferences were also found in the sugar chains of the two 
erythropoietin samples. The  total amount of complex-type 
oligosaccharides with N-acetyllactosamine repeating units in 
their  outer  chain moieties accounted for 34.5% in the case of 
rHuEPO, which was approximately five times higher than 
that of urinary  HuEPO (7.5%). All sialic acid residues in  the 
sugar chains of rHuEPO occur as  the NeuAca2-3Gal  group, 
while about 60% of those of urinary  HuEPO occur as  the 
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3660 Sugars of Recombinant and Native  Erythropoietins 

TABLE I11 
Methylation analysis of acidic (A) and asialo-ol&osaccharide (AN) 

fractions derived from rHuEP0 
Molar ratio" 

A AN 
Fucitols 

2,3,4-Tri-O-methyl (1,5-di-O- 0.8 0.9 
acetyl) 

Galactitols 
2,3,4,6-Tetra-O-methyl  (1,5-di- 0.8 3.3 

2,4,6-Tri-O-methyl (1,3,5-tri-O- 3.0 0.6 
0-acetyl) 

acetyl) 
Mannitols 

acetyl) 

0-acetyl) 

0-acetyl) 

0-acetyl) 

citols 

mono-0-acetyl) 

acetyl) 

acetyl) 

3,4,6-Tri-O-methyl (1,2,5-tri-0- 0.2 0.3 

3,6-Di-0-methyl (1,2,4,5-tetra- 0.9 0.9 

3.4-Di-0-methyl  (1,2,5,6-tetra- 0.8 0.8 

2,4-Di-O-methyl  (1,3,5,6-tetra- 1.0  1.0 

2-N-Methylacetamido-2-deoxyglu- 

1,3,5,6-Tetra-O-methyl (4- 0.2 0.2 

3,6-Di-O-methyl (1,4,5-tri-0- 5.0 5.0 

1,3,5-Tri-O-methyl (4,6-di-O- 1.0 1.0 

a Numbers were calculated by taking  the value for 2,4-di-O-meth- 
ylmannitol as 1.00. 

NeuAca2-+3Gal group and  the  others occur as  the NeuAcaZ- 
6Gal linkages. Despite these dissimilarities, the most impor- 
tant evidence is  that all the oligosaccharides found in  rHuEPO 
were included in urinary HuEPO.  The absence of unusual 
sugar chains in  rHuEPO is favorable for the clinical applica- 
tion of this hormone, since we do not need to  take any  account 
of antigenicity on its sugar moiety. It has been shown that 
sialidase digestion of urinary HuEPO results in  the loss of its 
biological activity in  vivo because of hepatic clearance (10, 
11). Therefore, the fact that  rHuEPO contained  no  neutral 
oligosaccharides might also be important for its clinical ap- 
plication. 

The functional role of the sugar moiety of erythropoietin 
has not been resolved well, although its physiological signifi- 
cance was suggested by several studies. Sialic acid residues of 
erythropoietin are  important  not only for escaping from the 
hepatic clearance system of asialoglycoproteins but also may 
contribute to  the conformational  stabilization, since asialoer- 
ythropoietin becomes sensitive to  heat  denaturation  and  tryp- 
sin digestion (12). Desialylation does not decrease the in vitro 
activity of EPO but rather stimulates it when assayed at low 
concentration (12, 13). Thus, it is possible that  the degree of 
sialylation affects the physical and biological properties of 
this glycoprotein. Recently, Dordal et al. (14) have shown that 
digestion of erythropoietin with endoglycosidase F or mixed 
glycosidases from Diplococcus pneumniae results in  the com- 
plete loss of its in vivo activity, but approximately 50% of its 
activity in vitro and immunoreactivity still remain. It  has 
been suggested that  the sugar chains are located at  or near 
the binding domain of erythropoietin for its  target cells (39). 
Therefore, it is likely that  the sugar moiety of erythropoietin 
contributes to  its biological function. Availability of the suf- 
ficient amount of rHuEPO  and  the  structural information of 
its sugar moiety as obtained  in this study will help us to 
resolve the functional roles of the sugar moiety of erythropo- 
ietin  in the future. 

Glycosylation of proteins primarily depends on the level  of 
glycosyltransferases in the cells and is also affected by their 
primary amino acid sequences. The difference in sialyl link- 
ages detected in  the two erythropoietin samples may  be the 
result of the former situation. In accordance with rHuEPO, 
G protein of vesicular stomatitis virus grown  in CHO cells 
(44,45) and recombinant  y-interferon produced in CHO cells 
(17) have been shown to  contain only the  NeuAcaBj3Gal 
linkage. Therefore, the exclusive expression of this sialyl 
linkage may indicate  that CHO cells lack CMP- 
NeuAc:Gal@l-t4GlcNAca2+6sialyltransferase. All  of the ol- 
igosaccharides detected in  rHuEPO were also found in  urinary 
HuEPO. This results also suggests the similarity of biosyn- 
thetic background between CHO cells and erythropoietin- 
producing cells in the human kidney. Alternatively, large parts 
of sugar chain  structures may  be regulated by the primary 
amino acid sequence of peptide. The major oligosaccharides 
of rHuEPO have tetraantennary structure, and considerable 
amounts of N-acetyllactosamine repeating structures were 
detected. However, such structures have been detected neither 
in y-interferon produced in CHO cells (17) nor in vesicular 
stomatitis virus grown in CHO cells (40, 41). Instead, y- 
interferon exclusively expressed biantennary  structure,  and 
vesicular stomatitis virus expressed biantennary and 2,6- 
branched triantennary structures. On the basis of these re- 
sults, it seems likely that  the primary amino acid sequence of 
polypeptide moiety is another important factor controlling 
the synthesis of sugar chains. 
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EXPERIMENTAL  PROCEDURES 
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3662 Sugars of Recombinant and Native  Erythropoietins 
Structural Analysis of Ollyosocehartde I" Fr-aCL~on AN2-A~ialo-oligasacchrride 

AN2 was e l u t e d  a t  che same p o s i ~ ~ o n  a s  authentic  2.4-branched  Ga13.GlcNAcl.  
Manl.GlcNXc.Fuc.GlcNAcO~ upon Bio-Gel P - 4  column chromatography  (Fig.  2C). 
When AN2 was d iges t ed   w l th   j ack   bean   O-ga lac tos idase .   rh ree   gd lac tosy l  
r e s i d u e s  wcrc removed (Fig.   3A).  The r e s u l t i n g   o l i g o s a c c h a r i d e  was f i n a l l y  

P i -ace ty lg lucosamine   res idues  by d ip lococca l  O-N-acetylhexolaminidasc 
conver t ed  L O  the   fucosyla ted   r r imunnosyl  core wi th  the r e l ease   o f  LWO 

digestion (Fig .   38)   and  chhen one N-ace ty lg lucosrmlne   res idue  by jack  bean 

s p e c i i i c i i y   t h a t   d i p l o c o c c a l  j -N-acerylhenosaminidase c leaves  GlcNAcSl-2 
~ - N - a c e L y l h E x o s a m i n i d a s e  d iges t ion   (F ig .   3C) .  On che b a s i s  o l  t h e   s u b s t r a c e  

l i nkages  i n  t he  GlcNAcH1+2Man group  and  rhe GlcNAcB1-.2(61cNAc31*4)Man group 
b u t  nor i n  t h e  GlcNAc~1.2!GlcNAc~lt6)Man group 1381,  AN2 is supposed to have 
the   2 .4-branched   c r iancennaiy  sugar c h a i n   S t w c t w e .  That A N 1  was recovered 
as t h e  r e t a r d e d   f r a c t i o n   f r o m  a DSA-Sfpharose column a l s o   s u p p o r t e d   t h i s  
s t r u c ~ u r e .   b e c a u s e   2 , 4 - b r a n c h e d  rridncennary o l i g o s a c c h a r i d e   r e c a r d s   i n   t h e  
DSA-Sepharosc  column  while  2.6-branched  crianrennary  oligosaccharldc  strongly 
b i n d s   t o   t h e  column (25). 

degrada t ion .  By t h e  first cycle   o f  Smi th   deg rada tmn ,  r a d i o a c t i v e  AN> was 
The IacaLion o f   t he   2 , i -b ranch  was determined by LWO c y c l e s  of Smith 

converted t o   r a d i o a c t i v e  GlcNAcaltZ(ClcNAciil-4)Mani~l-3 or 6Maniil-4GlcNAcS1-4 
GIcNAcoT. I L  was then converred r o  Man~.GlcNAc.XylNAc0~ by Lhe second  cycle  
of Smith   degrada t ion   (da ta  no r  shown)   These   resu l t s   ind ica ted   thaf   the  
2.4-branch i s  l oca red  on t he  Manol-3 s i d e .  Therefore.  the structure of AN2 
should  be d s  shown m Table  I: 

AN3 was Supposed to have  2.6-branched  Criantennary sugar cha in  S L ~ U C C U T ~  on 
t h e   b a s i s  of i t s  elution p o s i t i o n  upon Bio-Gcl P - 4  column chromatography 
( F i g .  2E) and  of i ts  strong a f f i n i r y  c o  a DSA-Sepharose  column.  Thi. 
assumption was confirmed by che  fol lowing experiments. When AN3 was d i g e s t e d  
w l c h   j a c k   b e a n   a - g a l a c r o s l d a s e .   t h r e e   g a l a c t o s e   r e s i d v e s  were r e l e a s e d  ( F i g .  
4 A ) .  The r ad ioac t ive   p roduc t  was t h e n   d i g e s t e d  w i c h  diplococcal   E-N-acetyl-  
hexosaminidase.  A s  shown ~n Flg .  4 8 ,  one N-ace ty lg lucosamine   res idue  was 
r e l e a s e d  by c h i s  treatment The r e s u l t i n g   r a d i o a c t i v e   o l i g o s a c c h a r i d e  was 
f i n a l l y   c o n v e r t e d  co t he   fucosy la i ed   t r imannosy l  co re  a f c c r  d iges t ion   w ich  
jack   bean  B-N-acerylhexosaminidase by re leas ing  two N-acetylglucosamine 
r e s i d u e s   ( F i g .  4 0 ) .  These r e s u l t s  co inc ide   w i rh   t he   d iges t ion   pa t f ez"  of 
2 .6-branched trlantennary sugar chains a s  a l r eady  reported ( 3 8 1 .  When t he  
rad ioac t ive   Droducf   in   F ie .  4 8  w a s  dieescfd  with  o-mannusidase I: from 

Slr'ucturol Anolys18 or Oilgosaccharide IW Fmctton A N 3 - A 5 i d l o - 0 1 i g ~ ~ d ~ ~ h d ~ i d e  

on t he  Mannl-6 arm of the  cr imannosyl  core. 

dase   d iges t ion   o f  AN4 r e s u l t e d   i n   t h e  release of fou r  g a l a c t o s y l  residues 
[ r i g .  5 A ) .  The rad ioac t ive   p roducc  was then   conver ted  m the   fucosy ld ted  
rr imannosyl  core w i t h   r e l e a s e  of  m e  2nd th ree   N-ace ry lg lucosamine   r e s idues  
by  Jequcnrial  digestion with   d ip lococca l   end  jack bean  B-N-acecylhenosamini- 
dase ,  respectively ( F i g .  58 and  C).   These resul ts  i n d i c a t e d   c h a t   t h e  

C l c N A c l l l t 4 ~ G l c N A c l i 1 1 4 G i i N A c l l 1 . 2 ~ M a n n l - 3  01 6)ManOltL  GlcNAcBl+i(Fucal+b) 
S L ~ U C C U W  of AN4 i n  Galdl-4Gl~NAc61-6IGalU1-6GlcNAcQ!-Z~M~nul~6 or 3lGallil-4 

GIcNAcoT. Two c y c l e s  of Smith  degradat ion of AN4 gave c h r  same r a d i o a c t i v e  
p roduc t s  a s  i n   t h e  c a s e  of  AN2 ( d a t a  n o t  shown),   indicat ing that the 

There fo re ,  AN4 should  have  the structure as shown i n  Table  11. 
1.4-branch i s  e x c l u s i v e l y   l o c a t e d  on che Man.il-3 arm of the   t r imannosyl  core. 

Slrucluml Anolysrs or Oligoaoccharide m F#ucfmn A N 4  "Jack bean   6 -ga lac tos i -  

of AN5 with  jack  bean  3-gal2cc0sidase  and  jack bean 6-N-acrtylhea0saminidase 
r e l e a s e d  f o u r  r r s l d u r s   c e c h  of galactose and  N-acecylglucosamlne ( d a t a  not 
shown). The r ad iuec t ive   p raducc  a t  t h i s  s t age  showed the  Same mobi l i t y  m 
Biu-Gel P - 4  column a s  aurhenc lc  C a l . G l c N A c . M a n , . G l c N A c . P u c . G l c N A ~ ~ ~  I d a t &  not 
shown). I t  was then   conver ted  to t h e   f u c o s y l r r e d   f r i m n n 0 S y l  core by che 
secund  cycle  uf s e q u e n t i a l   d i g o s t i o n   w i t h   t h e  two enzymes  re leasing one 
r e s i d u e  each of ga lac tose  and  Pi-acetylglucosamine (data not shown).  These 

wich  the  fucosylated t r m a n n o s y l  core,  an ouce r  c h a m  of which i s  i he  Gal: 
resulcs i n d i c a t e d  cha t  AN5 i s  a t e t raantennary   complex- type   o l iguraccharzde  

Gal  was r e l e a s e d  from c h i s   d i - N - a c e ~ y l l a c t 0 S a m i n e   m o i e t y  by endo-8-galaccosi-  
l~PGlcNAc,!1*3Gal~il~4GlcNAcDl-. A r r i s accha r ide   r e s idue .   Ca l ,~ l+4GlcNAc~l*3  

d a s e   d i g e s t i o n   ( F i g .  6 A ) .  The newly exposed  N-acetylglucosamine  res idue was 

f u l l o w i n g  four p o a ~ z b l e   s t r u c t u r e s  were considered for  t h e   r a d l o a c r l v r  
then removed by jack  bean 3-N-acetylhrxosdminidase d i g e s t i o n   ( F i g .  d B ) .  The 

producc  in F i g .  6B. 

SI,.UCIUIUI A n a l y s t s  of 01qoracchot'lde.s in Fmctio!l AiVS--Sequen~ial d ig r s txon  

Fucal 
I .   G~lR1+4GlcNAcdl.  

;Manr~I 
Galul+iClcNAc?l. '~Eh-nS1~4GliNXc?lr4C18NAc 
GalLlr~GlcNAcOl-2Manrll' 01 

Fucol 
11. GaIZlr4GlcNAcc31.. 

Fucul 

Fucul 

Ga l i l - . 4GlcNAc~<l~  

D i g e s t ~ o n  of che   radmaccive   p roduct  m F L ~ .  68  With a m i x t u r e  of d ip lococca l  
~ - g e l a c r o s i d a s e   a n d   d i p l o c o c c a l  8-N-accfylhexasaminidase produced two 
radioact ive  companrnts   and 8 i n  a malar  r a t i o  o f  1 - 2  (Fig.   6C).  Both of  

bean ? - ~ - a c e c y I h e x o s a m i n i d a s e  d i g e s t i o n   r e l e a s i n g  two and one N-ace ty lg luca -  
t h e s e  componencs were conver t ed  t o  t he   fu tosy la t ed   r r imannosy l  core by j ack  

samine r e s idue  respectively I F l g .   6 0 ) .  
Based on ;he s u b s t r a t e   S p e c i f i c i t y   o f  diploCOCCa1 3-N-ace~ylhex05amini-  

dase  L I B )  t h e   r a d i o a c c i v e  componcnr u i n   F i k .  6C shPv ld   be   e i the r  one or 
bo th  of t i e  f o l l o w i n s  two o l igosaccha r ides  I and :V , which were CO be 
de r ived  from o l igosaccha r ides  I and   IV,   respcc t ive ly .  

Fucol 
GlcNAcdl.6 

I '  GlcNArOIfl L M a n ~ l  '~M=nBl-bClcNAcC1-4G18NA=OT 
Man-1- 

Digest ion  with  jack  bean  o-mannosidase ( 2  units) r e l e a s e d  no mannose from fh: 

bur  no o l i g o s a c c h a r i d e   1 ' .  
component ,1 ( d a t a  n o t  shown) ,   i nd lca t ing   rha t  if conra ins   o l igosaccha r ide  I V  

The radioact ive  component  G should   have   the   fa l lowing  ~ f r u ~ m r e .  which 
were to be   de r ived   f rom  o l igosaccha r ide  111. 

Fucol 

wirh   jack   bean   $-ga lac tor idare   and  j ack  bean 8-N-acetylhexosaminidase.  fou r  
res idues   each   of   ga lacrose   and   N-acr ry lg lucosamine  were re leased   f rom 
rad ioacc ive  AN6 ( d a t a  nor shown). The product  was then  converred t o  che 
fvcosylaced   c r imannosyl  core by  the  second  cycle  of sequential d i g e s t i o n   w i t h  

samine ( d a t a  not shown). These reiutls I n d i c a t e d   t h a t   t h e   l r a c r i a n  AN6 
the  two enzymes releasing two  res idues   each  of galactose  and  N-acecylgluco-  

G ~ C N A ~ B ! .  outer  When AN6 was d i g e s t e d   w i t h   e n d o - e - g a l a c t o s i d a s c .   i c s  
conta ins  te r raanfennary   o l igosacchar ides   wich  two Ga181*4GlcNAcB1-.3Ca18114 

s i z e  dec reased  by approximately 9 glucose u n i t s   i n d l c a t i n g   t h a t  two  
G a l o l r 4 G l c N A c e l - ~ 3 G ~ 1   g ~ o u p s  were r e l e a s e d  by t h i s  treatment !Fig. 7 A ) .  Two 

w i ~ h  jack  bean e - ~ - a c e ~ y l h e x o s ~ m i n l d a s e  ( F i g .   7 8 ) .  The r ad ioac t ive   p roduc t  

F ~ ~ . G ~ c N A ~ ~ ~ .  ~ e c a i i s c  one mannose r e s idue  was removed  from t h e   r a d i o a c t i v e  
a t   t h i s  stage showed the  same size a s  a u t h e n r l c  Gal:.GlcNAc2.Nanl.GlcNAc. 

 no^ by  incubaLion  with  o-mannosidase I1 from Asperg~l lus  1 m 1 0 1  which c l e a v e s  
pIOducc  by incuba t ion  wi rh  2 u n i t s  o f  jack  bean  ,>-mannosidase  (Fig.   7C).   but 

non- subs t i ru t ed  Mano!+3 l i n k g e   b u r   n o t   " o n - s u b s t i t u t e d  Manol-6 l i n k a g e   ( 2 2 ) .  
t h e  structure of   the   rad ioacr ive   peak   in  F i g .  7B was eSCimaced a s  fo l low:  

SITUCIUPUI Anolysts of Olzgorclcchor'Lde tn FmCfmn AN6-By s e q u e n t i a l   d i g e s t i o n  

of  w w l y  exposed  acetylgl glucosamine were then removed by d iges t lo"  

Fucsl  

This estimation was f v r t h c r   c o n f i r m e d  by rhe   fo l lowing   exper imenta l  

d ip lococca l  B-galactasidase and  d ip lococca l  B-N-ace~ylhexosaminidasc r e l e a s e d  
ev idences .   D iges t ion  of  t h e   r a d i a a c c i v e   p r o d u c t   i n   F i g .  7B wi th  a mixcure of  

remaining m e  N-ace ty lg lucosamine   res idue  was removed by inCubatic. .   with  jack 
two galactose r e s i d v e s   a n d  one N-ace ty lg lucosamine   res idue   (F ig .   70) .   and   the  

bean 8 - N - a c e t y l h e x 0 ~ a m i n i d a s r  c o  produce  the  fucosylated  cr imannosyl  core 

as L O  t h e   s i a l y l   l i n k a g e s   m e c h y l a r i o n   a n a l y s i s   o f   t h e   t o t a l   a c i d i c   o l i g o -  
s a c c h a r i d e   f r a c t i o n  ( f r a c k  A) was performed.  As shown m Table  I l l .  t h e  

excep t   fo r   ga l ac t i c01   de r iva t ives .   Approx~mace ly   201   o f   t he   ga l ac iosc   o f  
f r a c t i o n  gave a lmost   the  same results a s  a . i a l a - 0 l i g o s a c c h a r i d e   f r a c t i o n  (AN) 

amount of r h e   2 , 4 . 6 - r r i - O - m e c h y l   g a l a c c i t o l  was prominently dec reased  a f t e r  
f r a c t i o n  A occur a s  "on-reducing   te rmini   and   che   remainder  a s  -3Gall+.  The 

d e s i a l y l a t i o n .  The dec rcase  was, compensated  by  the increase of  2 . 3 , 4 . 6 -  

a c i d  are l m k e d  ac t he   c -3   pos i t i on   o f   t he   t e rmina l   ga l ac tose   r e s idues   o f   t he  
t e r r a - 0 - m e t h y l   g a l a c f i t o l .   T h e s e   r e s u l t s   i n d i c a t e d   c h a t  almost a l l  s i a l i c  

neutral o l i g o s a c c h a r i d e s .   t h e  S C ~ Y C ~ U I - ~ S  of which were e l u c i d a t e d  by t h e  
s tud ie s   desc r ibed   a l r eady   (Tab le  11). 

Mcrhylacion analysis of  the o l i g o s a c c h a r i d e   f r a c t i o n   o b t a i n e d  from 
u r m a r y  HuEPO b e f o r e   a n d   a f t e r   s i a l i d a s r   d i g e s t i o n   r e v e a l e d   c h a t   d i f f e r e n c e  
was dececf rd   on ly  i n  galactose der iver ives   2 .3 .4-   and   2 ,4 ,6- t r i -O-mcrhyl  
g a l a c t i i o l s  were conver t ed  t o  2 , 1 , 4 , 6 - t e r r a - O - m e r h y l   g a l a c t i t a l r  ( d a t a  not 
shown).  These resul ts  i n d i c a c r d   t h a t   s i a l i c   a c i d s  i n  t h i s  sample are l i nked  
bo th  at t h e  C - I  and C-6 p o s i t i o n s  of the t e rmina l  ga lac tose .  

S ~ P U C L Y ~ ~ S  o i  Actd Oligosoechnrlder-In o r d e r  to o b t a i n   t h e   l n f o m a t i o n  

[ R I  
.- 
'0 

I 
0 

80 120 160 200 
elution volume (ml) 

Fie .  3 .  Seouenr i a l   e lvcos idase   dkes t i an   o f  A N > .  The e l u t i o n  p a r t e r n s  a f  

0 120 160 200 
elution volume (ml) 
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Sugars of Recombinant and Natiue  Erythropoietins 

AN4 an Bio-Gel P - 4  c a l m  after sequential  digestions  with jack bean 

and jack bean e-N-acerylhexosaminidase (panel C) are Shorn The elution 
'3-galactosidase (panel A ) .  diplococcal e-N-acetylhexosaminidaae (panel B). 

arrows. Black triangles and the arrow with symbol e are  the same a s  in F i g .  
pos i t ions  of AN4 and G l c N A c * . M a n l . G l c N A c F u c . G l ~ N A = ~ ~  ( 8 )  were indicated by 

3 .  

f i g .  5 .  Sequential glycosidase diges t ion  o f  AN&. The e lutmn p a t t e r n s  of 

c 1 > 
t 
V 
U 
0 
V 
0 
L 

._ 

._ 

0 120 160 200 
elut ion volume (ml) 

0 120 160 200 
elution  volume  (ml) 

3663 

symbols c .  e and h are  the ~ a m e . a r  in Figs.  2 and b 
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