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Study on evaluating methods for the quality control of glycoprotein products. (IV)

— Erythropoietin products. Part 4

Miyako Ohta*, Nana Kawasaki, Satsuki Itoh and Takao Hayakawa

We have previously reported on peptide mapping of recombinant human erythropoietin (thEPO) by liquid
chromatography/mass spectrometry (LC/MS). Using this method, both peptides and glycosylation at each
glycosylation site can be elucidated based on the mass chromatogram and mass spectrum. In this study, we
evaluated the mass spectrometric peptide mapping with regard to its use in comparability assessment of both
protein parts and carbohydrates parts in glycoprotein products. Models of closely related glycoprotein products
used in this study are thEPOs produced from three different sources. We demonstrated that the mass
spectrometric peptide mapping can elucidate the identity of protein part, and differences in site-specific
carbohydrates heterogeneity due to acetylation and sulfation among the three thEPOs. Our method can thus be
useful in comparability assessment of therapeutic glycoproteins.

Keywords: peptide mapping, LC/MS, erythropoietin, comparability
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Fig.1 TIC chromatograms of Glu- C digested EPO-A, EPO-B and EPO-C
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1. XTFRwyvELST
FHMPEOERLR 2 3EDEPO % Glu-C T#H L L,
ODS #9 L%EBWALC/MSIZEY, RTFFTvEY
T x4ro 7. Fig. 1A, BRUCIZZNFNREPO-A, -BR
C-COAXHFTT 1474 F VEIEIZ X 5 total ion current
(TIC) a9 LTHD. §/7URVNTITLHD
=213, ARDOERTF Fr &L R7F P ICH®
THE-THY, REFHOHVIEIZI,S 15 HFS
0. BE—VDRRAARY MV DO m/2fli%, T
I BBV SR EENARTF FOEHBEEEEG L
HE, NEKOY -2 OmAEid—3%L, Zhoid7F
FTHhaePBEEINL, ~BLEVWLOITHEHICE
LIS TwA LD LEE S,

2. RT7FNEIOEE

TICZ7u< /5 LLEORTFFE—2%2TH1I 2L
745 H% Table 112R$. R7F FidH—¥—2ELT
THEEh, TORAARY PV IMERT2MHA A > &
LTRHENI AT T4 TAF YHEDID, RS T
FIZ& o TiE1~HADTFA (FH5F& ; 114.0) #°
ML= dmtans, Glu-CizGlu-X R
Asp-X DR OEEZ UM+ ABETHY, ¥—71,2,5,
6,9, 12, 14, 1513 Glu(Asp) -X DEIHTIZ L D E L7z TF
RThbIedMREN. T, Glu-CldSer-X R U*
Gly-XO#E0—EE2 YK T 5T LFREIN TS
B9 e 8RUIIEZORIGICE T, ¥—2 14
POELZLDTHY, ¥—2 13EHKICE—2 150
LEBRLZDDTHBE I PRSI, Dok
12, 32O rhEPO 6B/ oNzRTF Py Tdholl
BOE—-sORTF FEFETDHIENTEL., O
#, EPO-A, -BRU-CONXTF FERFITEVCIZEREL
TV ENHE AN,

3. BENTF R DR

FigliZlBWITRTF FELTTHS v & d oz
BEWwY—2, ¥—=23, 4, RU11IE, L <2A R
N7 MVERL, TWIEREEEOAY—HIZIZL 0D
EEzZoRi, —flE LT, EPO-A, -BRU-COE—
ZIIOTAARY b VvERT (Fig2)., o0
TRAARYT PWVOZAF i, miziEx HHETFFO
HRELEETHILIZL ) Table 20 X5 IZIHET %

ZEHTEL. Thbb, ¥—43, 4, RUF11IZZFH
Z1 Asn38, Asn24 J UFAsn83iZ N-#E&HESHMMTML /2
WERTFFTHDERESN, AL, €-2713
Serl126 |2 O-#EEEHSMMUAERTF FEefE s
7z (Table 3) . TEABHF L 72 ¥ — 71X N-#5 S HE RIS
FELLNTF N2 s Y, O-BEBEMUI»EE
L7=RTF FIZoLD LB SR,

3-1. EPO-AD N-#5&¥EH
EPO-ADAsn83 x EUHERTF FOTAARY b
(Fig.2A) #T LR, Asn83 1 id 7 23— AN A
LY, PY Y 7H3ARM (Tri-NAx), €/, ¥, b
U, 7RI T OAKRMES (Tetra-NApq0), 77 b
FIVIGFHEEY, MY, TFI VT OARY
(Tetra-Lac,-NAzsqs), 72 MY I Y 25FHE&Y, MY,
T b5 7 a4k (Tetra-Lac;-NAgszy), RUT 7k
HIVIDTREEN T I4KE (Tetra- Lacs-NA;)
AL TV 5 2 & AMHEER & 7z (Fig.2A, Table 2).
T 72, MERMUEHRBERTEY, TEF LML
VAR

Asn38 # &L HENR T F Fizid, Asn83 LI, V7
3R R Y 7 T ARPHE L CEI DT £ F AL
B OB ST HER I NS, Asn2412iE, Asn83 & FIHEIC
73, 4RPEHOBEAVHRE I, —FKE
WAF =R T2V MEET YT O 2N
(Bi-NA;) Th oz, T/, £/ 7 O2ARBMEN O
FBENs: (Table2).

3-2. EPO-BOM N-#EA LY

EPO-B® Asn83 12458 L TWb E 4484841, EPO-A
BN TUZ, ARBETHEY, ThoMICLE
BOBEIFTEELTWS Z Lo o7 (Fig2B). Z
NHDEPO-ATERD SN o 7-HESIX3MA 4 >
Dm/2fENF 4T ORZ > TWE I LS, HEOTX
FNVEPES LI THAZ EPHLNI ko7, f
2, Tetra-NA,CiE£/, ¥, M, 7+5, Ry ¥,
ANFHY, ANTy, F T FNMEEEM (Eaj-Ea)
DEIE I N7, Asn24 KR FAsn38IZIZEPO-A L 3#£ED
FESH O, FRNFRIC1I -3 7 EF LESFmL
RSO R A LTz, RPN Z A Tetra-NA, (E)
I3 9 % Tetra-NAy-Ac, (Ea)) OEHFHEIE, ST
FRIHEELTVWAEDE— B &I T 5 Ea D E—
rEELEEE TS E &, Asn38, Asn24 K UFAsn83 T
BENEFNHLT%, 27T% RT43% TH o7 (Fig3A).
IR0 ERns, TEF{LiZAsn24 % Asn38 L 0
Asn83 128\ EAFEEE Sz,
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Table 1 Peak number in Fig.1, amino acid residues, and theoretical mass and observed m/z values
Peak Theoretical mass Observed m/z
No. Residues (average) EPO-A EPO-B EPO-C
1 56-62 729.8 -728.5 [M-HT 728.7 [M-HJ' 728.7 [M-H|'
842.5 [M+TFA-HY 842.6 [M+TFA-H| 842.7 [M+TFA-H
956.5 [M+(TFA),-HJ 956.6 [M+(TFA),-H] 956.7 [M+(TFA),-HJ
2 9-13 602.7 601.5 [M-H| 601.5 [M-HJ 601.5 [M-H]'
715.5 [M+TFA-HJ 715.6 [M+TFA-HT 715.5 [M+TFA-HJ
829.5 [M+(TFA),-H] 829.6 [M+(TFA),-H} 829.6 [M+(TFA),-H]
3 38-43 (Asn38)
4 22-37 (Asn24)
5 (1-8) S-S (160-165) . 1,503.7 1,502.0 [M-HJ' 1,502.2 [M-HT 1,502.2 [M-HT
1,616.3 [M+TFA-H] 1,616.3 [M+TFA-H] 1,616.3 [M+TFA-HY
1,730.3 [M+(TFA),-H] 1,731.0 [M+(TFA),-H] 1,730.8 [M+(TFA),-H}
6 14-18 692.8 691.6 [M-HJ 691.6 [M-HJ 691.7 [M-HJ'
805.6 [M+TFA-HJ 805.6 [M+TFA-HJ 805.7 [M+TFA-HI
919.6 [M+(TFA),-H] 919.7 [M+(TFA),-H] 919.7 [M+(TFA),-H]
7 118-136 (Ser126)
8 137-146" 1,316.6 1,315.2 {M-H[' 1,315.3 [M-HJ 1,315.1 [M-HJ
1,429.1 [M+TFA-H| 1,429.9 [M+TFA-H| 1,429.3 [M+TFA-H]
1,543.6 [M+(TFA),-H} 1,543.2 [M+(TFA),-HJ 1,543.3 [M+(TFA),;-H]
1,657.6 [M+(TFA);-H] 1,657.2 [M+(TFA);-H] 1,657.1 [M+(TFA);-H]
1,771.5 [M+(TFA)-H] 1,771.5 [M+(TFA)-H] 1,771.8 [M+(TFA),-H]’
9 44-55 1,572.9 1,571.3 [M-H) 1,571.2 [M-H} 1,571.3 [M-H]
1,685.6 [M+TFA-H|' 1,685.6 [M+TFA-HT 1,685.2 [M+TFA-H|
1,799.2 [M+(TFA),-H] 1,800.1 [M+(TFA),-H] 1,799.3 [M+(TFA),-H]
10 147-159 1,538.8 1,537.2 [M-HT 1,537.4 [M-HJ 1,537.7 [M-HJ
1,651.7 [M+TFA-H| 1,651.6 [M+TFA-H} 1,651.4 [M+TFA-HT
1,765.8 [M+(TFA),-HJ' 1,765.4 [M+(TFA),-H]' 1,765.5 [M+(TFA),-H]
11* 7396 (Asn83)
12 63-72 1,1153 1,113.9 [M-HJ 1,114.0 [M-H} 1,114.1 [M-H]
1,228.0 [M+TFA-HJ| 1,228.0 [M+TFA-H| 1,228.1 [M+TFA-H]
13 102-117° 1,770.1 1,768.8 [M-HT 1,769.1 [M-H] 1,769.0 [M-HI
1,883.2 [M+TFA-H} 1,882.8 [M+TFA-H] 1,883.3 [M+TFA-H|
14 137-159" 2,837.4 1,418.3 [M-2H}* 1,417.7 [M-2H} 1,417.7 [M-2H}"
1,474.7 [M+TFA-2H]* 1,474.4 [M+TFA-2H}" 1,475.4 [M+TFA-2H]*
1,531.6 [M+(TFA),-2H]>  1,531.6 [M+(TFA),-2H]*  1,531.9 [M+(TFA),-2H])*
1,589.0 [M+(TFA);-2H]®  1,588.5 [M+(TFA);-2H]*  1,588.9 [M+(TFA);-2H]*
1,645.3 [M+(TFA)-2H]>  1,645.8 [M+(TFA)-2H]>  1,646.1 [M+(TFA),-2H]"
15 97-117° 2,212.6 2,211.4 [M-HJ 2,211.7 {M-HY 2,212.2 [M-HT

2,326.1 [M+TFA-H|
1,105.3 [M-2H)*
1,162.8 [M+TFA-2H]*

2,325.9 [M+TFA-H]
1,105.7 [M-2H]*
1,162.4 [M+TFA-2H*

2,326.1 [M+TFA-HI
1,105.3 [M-2H]>
1,162.2 [M+TFA-2H]*

1,219.3 [M+(TFA),-2H]>  1,219.5 [M+(TFA),-2H]*  1,219.2 [M+(TFA),-2H}*
1,276.2 [M+(TFA);-2H]*  1,276.2 [M+(TFA)-2H]*  1,276.3 [M+(TFA);-2H}*

1,333.2 [M+(TFA)-2H)>  1,333.3 [M+(TFA),-2H]>  1,333.4 [M+(TFA),-2H]*

The peptide contained amino acid residues from 19 to 21 was not detected. TFA, trifluorcacetic acid; *, glycopeptides;
® the part of peak 14 was hydrolyzed peaks 8 and 10; °, the part of peak 15 was hydrolyzed peak 13.
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3-3. EPO-CO N-#aTEH

EPO-C® Asn83|ZIZEPO-AL HHEND L 713, 44
oftiz, #6437 254k (Ba, Daj, Days, Ea,
Fai.p, Gay.p) % 7:1345EE(L (Asy, Csi-3 Dsi-z, Dassy, Esy,
Fsi~p) SNIBEHEIFMLTWE 2 EVRBEINI
(Fig2C). 7 F VALHEHOELHIZEPO-BLIZELR D,
SEBITTAIEA Y T VR TR & T\ 5 Tetra-NA, 1212
P d, BIEsh Tk vTetra-NA AT/, P74k
FMLENTWE Z E BB E N7, Tetra-NA; (F)
I24t$ 5 Tetra-NA;-Ac; (Fa;) O&HZ1E, Asn3s,
Asn24 B FAsn83 T Fh EFNnH48%, 1% R T19%
THYH, Asn24 2 Fa, P F L EREEZEAL TS L
M h ot (Fig3B)., T/, Asn241ZH5E L TV 5Bi-
NA,, Tri-NA;, B U Tetra-Lac;-NA3; D€ / 7tF VAL
BESIIIET e F VL, Ehehiy2e, 3.5 K009
EThHH I LPHERSNE,

Fig.2CIZIZEPO-AR UFEPO-B Tkt s hiwY

mjz

Fig. 2 Mass spectra of Asn83 glycopeptides(peak 11) in EPO-A, EPO-B and EPO-C
A, Tetra-Lacy-NA, ; B, Tetra-Lac,-NAj ; C, Tetra-Lac;-NAy; D, Tetra-Lac;-NAs ; E, Tetra-NA, ; F, Tetra-NAg ; G, Tetra-NA; ; H, Tri-NA; ; I, Tetra-NA, ;
J, Tri-NAz; K, Tetra-Lac,-NAz ; L, Tetra- Lacy- NAz ; M, Tetra - Lacs - NAs ; a, acetylated; s, sulfated.

— 7 Es FB E Nt ¥— 27 Es DO m/2fiX2137.9T
»HY, Tetra-NA; (E) D3ffif 4> DOm/zfEL Y 265
BimLTwaleds, E/MBLERTHS Z &8
LM o7, EsldAsn24 123 F W TELY, EiZ
W55 Esy OFHHIE, Asn38 K Asn83 Tl FhFh
#120% K37 % T » 72 (Fig.3C). Tetra-NALAFHIZ,
Tetra-NAs;, Tetra-Lac;-NA;, Tetra-Lac;-NA, R U’
Tetra-Lacy,-NAJ 2 b IEER{L AR S /z (Table 2).

3-4. Ser126 D O-fE&¥EH

Ser126 # S LMWRTF FOTAARY ML IFED
EPO (213 3k L T NA,-Gal-GalNAc & O* NA-Gal -
GalNACH AL TWa Z LR s, F72, Figl
DY —~2 TOFRRPEPO-BOAEL - TWBEN, Fh
FIBE -2 DA, FRALDE/, VT EFNLHEH
PHAELTWRZELUIRERTA I EFHEREINT
(Table 3). ‘
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Fig.3 = Special mass range chromatograms of EPO -B and EPO-C
*; Tetra-Lac,NA, (theoretical m/z value of 3-ion; 2028.0) peak of Asn24 glycopeptide.

Table 3 Structual assignments of O-linked glycopetide peak (peak 7) in Fig 1, and the theoretical mass and cbserved m/z values

Theoretical mass Observed m/z
Gly@)rm (Average) EPO-A EPO-B EPO-C

NA,;-Gal-GalNAc 2,7859 1,391.6 [M-2H* 1,391.6 [M-2H]* 1,391.7 [M-2H}*

1,448.7 [M+TFA-2H]" 1,449.0 [M+TFA-2H]* 1,448.8 [M+TFA-2H|"
NA,-Gal-GalNAc-Ac, 2,827.9 - 1,412.8 [M-2H}* -
NA,-Gal-GaINAc-Ac, 2,869.9 - 1,433.9 [M-2HJ* -
NA-Gal-GalNAc 2,494.6 1,246.1 [M-2H]* 1,246.3 [M-2H]* 1,246.2 [M-2H]>

1,303.1 [M+TFA-2H]> 1,303.2 [M+TFA-2H]* 1,303.2 [M+TFA-2H]"
NA-Gal-GalNAc-Ac, 2,536.6 - 1,267.2 [M-2H]* .
NA-Gal-GalNAc-Ac, 2,578.6 1,288.6 [M-2H]* -

TFA, trifluoroacetic acid.
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