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(1 RIEBET RSBl S 220 R, #04 124221;
2. RIEFR TR )R RN BOE TR A 000 %, K% 1160235
3. R, AL ERE SRR, FW I TEIX 999077 ;
4. B IAFE B FEYF A BRAE, FHEEER , FERRTEIX 999077;
5. L TE A TRREETIFE B, KiE 116023)

FE A A DNA 5 41 B A A e A Ui v 32 18 3 41 AR 21 40 i A A K (Recombinant human erythropoietin,
thEPO), Zeid R AT 405, ] SDS-PAGE 73 5 4liAl % 4143, FF i d f W 55 R 2 R I BT 351 R (EST-MS/MS)
M AR A I 1 . 25 R %, ZERFEZR IR T 2K 1Y rhEPO FLIG LM 1190 Ulwg, HOBHREAL B IO 5 5 A A
KHYEPO —2, A 34 N-BEEALA £ A 1A O-BEEARAL 1. BER R AT IS5 & Bk 45 1R, MER IRk
9 thEPO MG rp il = W R G G, T dike /I e Y R A T 1) PO Sl 3 55 263 24 R TE 2 M 28 TR HINR YT b
K A TR L P A A 2R O R — 25 BF S A IR AR 1A M e 0 - A A A B 22 AR O B (Anthraea pernyi
nucleopolyhedrorirus, ApNPV )i FEEARFRIE R G Tk G IR 5 A= s PESRAL TAHE .
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Abstract Recombinant human erythropoietin (rhEPO) was expressed in pernyi pupae using DNA recombination
technology and gel purified. The purified components were separated by SDS-PAGE (sodium dodecyl sulfate
polyacrylamide gel electrophoresis) , and the thEPO gel strips were cut and its glycosylation modification was

detected by electrospray ionization tandem mass spectrometry (ESI-MS/MS). The mass spectrometry results showed
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that the glycosylation modification sites of ThEPO expressed in pernyi silkworm pupae were consistent with EPO

expressed in humans, with three N-glycosylation sites and one O-glycosy-lation site. Although the specific sugar
chains at the glycosylation sites cannot be determined based on ESI-MS/MS, its results combined with lectin
experiments can help determine the specific sugar chains at the glycosylation modification sites. According to the
results, the overall sugar chain lacks sialic acid modification. The results of cell experiments showed that rhEPO
expressed by pernyi pupae had certain biological activity, with a specific activity of 1190 U/pg. Therefore, pernyi
pupae can express thEPO without sialic acid modification with certain biological activity, and low sialylated EPO can
play an important role in the treatment of central nervous system diseases after nasal administration. The results
provide a basis for further studying the glycosylation and biological activity of exogenous proteins after expression in
the pernyi pupae-Anthraea pernyi nucleopolyhedrorirus (ApNPV) host vector expression system.

Keywords Electrospray ionization mass spectrometry (ESI-MS/MS ) ; Erythropoietin; Pernyi pupae; Glycosylation

PE LT A0 B A= IR (Erythropoietin, EPO) i —Ff by A B I LK G LB -5 5521 e B2 AR 55 A 1 AR
HEY, Halal 5 EPO B2 IRSE 5 R R AR AN Y 0 AL RO A , TS 2L AN A . EPO MRS
A3 A4S N-HEEAL A O- AL PIRIE R, X AME X HAE WITE VA G S . S 2R pE BB 1
A B THEK EPO (F 32 ], B IMHAER N AR E 1k 5 A, Bk Z BB , o IR i/ D e i 2 T 1%
Wik EPO, 3 2y R I BAR MY LE W) 2230 1, A S Ao Bk . R, EPO R B e 1
TEAAR P ASCR AN PRI B2 0. 3l 3 R |81 25 S A= 7 B 20 EPO (thEPO) AR, (H il T
WSS IR TR B, AR WS PERAR e e, SR Sen 2l i L An i & Canrh = 4
DY EL AR ) 77 A 1 rhEPO , FORE LA IE ML AR EPO, HAT AL s (A TG MR35 . 3@ A 3 Sk
FESE AT DUE R EPO (2P 52 8, DT80/ [ 4%, U Epoetin alfa Fl Darbepoetin alfa 55 254 2677
UL, FRRIETARYT B Rl B R M B2 ARk, KEsh W) Sem fl b im0, ok
TR AL 1Y) EPO 7E 8 2 (47 5 T ELAT LS8 EPO SRR Y. FEMZ R, USRI FIE R 5
Ak 1L P REA S EPO 52 X JCHEVE IR EPO 2 I H B = R AU, X (75 JTCMEVR R EPO 7EIA 42 A%
S 2 IR YT R HAA AR KA I A A i 45 24 AT LAk S JCME VR R EPO [ R 1R 1%
SR 20 MR SR, K thEPO HEAT 2 M R R A A 35 A v P B S (2 A 8l ) ek AR
Ak, T ELAE P B AR

B AR B AR IR RGN — R EARIL RS, e T e B S B, bl Al
WA, HEA P & S KB P2 SR, PRIk 2 K 23Kl 25 ol )iz T4k
AR AR, R, B AR LR S R S EAZ A W], AR A e B
AR O W B R o A /D A 2 LB LA R B R R RETT KR A % B 22 A 0% 7 (Anthraea pernyi
nucleopolyhedrorirus, ApNPV )ik RGIE—F INEREIME TG FMRBRSE™, AL B R R &
IRRGEATT AL OE . R BRI, XHZ RG0S PO S AE 1 Y R GErE A 5T I8 A 40
TR A 2 20 A W2 v — A ROCE SRR, W0 R (1 B g S B AN a) 55 1% 5 M2 e yie S )i
BIZA DT . AN, BERAAAE IR TR B A LE | R My 7 it B SR Im R S, TR, XoF
VEATIH 2RI 1) SN I A T BB AR5, X T — 2D Ui fb ApNPV RGK RGE Y I H 2 G H 2

ASCRFIVERAZ Y 2 A i 1 0 0A R R A A N LU LA iR (thEPO) , IR FH LI 55 1 25 o
B3 (EST-MS/MS) BRI BEAE RIS T IE™, J3# 1 AEZR I o 21K B rhEPO AOBE LML AL 5
WERACE AR, DhoE 45 R — Ui Ab ApNPV K1k R 48 AR BAREE A A7 b g L FHAR AL T 5256
WA A SO

1 X§ERsy

1.1 R 5{EE
VER I 35 M T B A iF o8 B4t ; DNA Marker. BamH I/EcoR TFRHITENVIEGEFI PCRIA R, 5
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AW (K3 B PR vl 5 2H 2 B 25 B SE e iR (Anti-His tag mAb) , H 4 MBL A A 3 484080 (43 #r4E)
R AN X K KAL) 5 B R 2% i (pH=6. 7) FTH i (Al ) , K Kbk s
Triton X-100(fb240) Fl G i B (DTT, APHiR%) , bR E A Al PEI-PLGA 5, ASLE=E
PRAF 5 EDTA 3 25 B &5 45 5 8 B T 2% 12 B W 1§ (Pierce ™ High-Capacity Ni-IMAC Resin, EDTA
Compatible) , 3 [E Thermo /A vl ; AL LT A b 28 BFIDE O 92 W B A6zl 1741 52 (Human EPO ELISA Kit) ,
FE R RN E N R MU TE-1, i ERABE E 40 M ZE$2 4 ; RPMI Medium 1640 557
%, £ Gibeo W] 5 B4R IMIE (FBS), B4 TAY AW, BHEZHMHERBR, NIBFEZRAHA; K
FEBEH G ANEBEE R (VVL) | /NEIRZEREE R (WGA) FIAE 8 M i 85 A BESE 2 (AAL) , €[ Vector 24
Al 2-Z H-4-EORME (ABC, 3trall), biEsZ sabks vl s O BERZ (TAA, 204 4l) , 1215 Merck 24 F] 5 JBE
T VA 22 B R R 1T (Glu-C, PR ), 26 [E Sigma-Aldrich 23] 5 25 (ACN) FIF S (FA, F4%) ,
F[# Spectaum A H] .

Z I REALARAG M, 92 ¥ BioTek { #5237 5 Ultimate 3000-RSLCnano %13 AH €211 {% | Orbitrap
Exploris 480 7l =5 43 i (MS) Fll Nanospray-Flex 25§15, 3% [E Thermo /A ] .
1.2 SCEEFE
1.2.1 thEPO A B E # #y% 3L M HepG 2 4l rh 42 H RNA , Z83d i S 35 3845 EPO &R, 22
FEfING , B EPO LR 545 9 EARZE A His AR I FE R AZ R 2 M RN i B 2 IR R, TV H %422, $HC
T FRE DNA J5 4% A6 3] ApDH10Bac /83z A A, 38 0 ¥ FIBERi 215 51 ApNPV-bacmid-EPO DNA,
B DNA 554857 PEI-PLGA #% B o 1:30 1R A G e BIME I b, A =i P59 15 d, B
Je VAL L 9K B R A T SEAGI >, Ff3i 1 SDS-PAGE 1l Western-blot (fiff F His HUiA —31) 6l rhEPO 2
EIESY
1.2.2  thEPO #y 2 8 46 b HUEE 20 995 5 2% 4 A FE 22 6 1 94K 2 15 mL, A SEIRBR ) 2% 25 45 22 vl
(100 mmol/L # 2 £5 2% #h ¥ , 1 mol/L NaCl, 20 mmol Bk , 20% H i, 2%Triton X-100, pH=6.7), LA
12000 r/min [ %% 34 25 .0 20 min, FFHITA 60 mL 1X45 45 2% #h & (50 mmol/L i R £5 2% #h % , 500 mmol/L
NaCl, 10 mmol/L BKME , 10% Hil, 1%Triton X-100, pH=6.7) , ¥R AW [+ % Ni-IMAC Resin 73 5
W, 1 hEse i B, 8 e 2% 2% vhiB (50 mmol/L B BRER 2% #hi , 500 mmol/L NaCl, 50 mmol/L KM,
pH=6. 7) ¥k 10T, )5 1 15 mL YEBE (50 mmol/L BERR RS2 ik , 500 mmol/L NaCl, 500 mmol/L
Bkmk , pH=6.7) #EATUEML . it Western-blot, SDS -PAGE }2 EPO ELISA A&l i {k 20 5 .
1.2.3  thEPO th 3% M4 21 28 [ IM0996 40 e TF-1 78 1% 358 5L vh o 4078 i EPO 25 40 i [X A4 RE 1F 3
AP thEPO RSN PR30 ) 6T TF-1 4 VE TS ARG A e A= A S8 B DA T PE AL . 4 TF-1
YA LA 10* A AFLEERD T 96 FLAR T, IIARILAHEEE 4 10 ng/mL B rhEPO Ji5 , 47 2 5 BE R IR, BRAVBAEE
TEHE 3, HiFE54h)a, A CCK8IFE S h, Kl 450 nm ZbFIWERE(E , LAPFAR 40 B 5 18 0 .
124 MEXRTLE N TRV ERTEIEN rhEPO BB bW SL A1, 1 e 4li4bJ5 i thEPO
HEHS I GEER A(ConA) 2258, 45 R Won HEA —& i HEsdEth. bfs, i KR EHgi o
SMIREELR 2R (VVL) \ /N IR ZEBEAE R (WGA) DL SR o I it 48 TR 358 4 32 (AAL)PEh —$iE 4 CIFH
11 h, G REMEERN S S —Hisi 6, 1 ECL AW #4725, #0 thEPO (42 L
(GalNAc) . N-Z i a SR (GleNAc) LA 7 Wb A6 1 g o .
125 HaRRABEAEEE BE3A) Y617 3KE (45 ok 3 1 4) ik ITE 47 B (1) SDS-PAGE & iy
PIFIRZ) 0 1 mm® /N, R 3 1.5 mL i T, =T, A 50 mmol/L ABC 2w AR T340k
50% M R IREV 2 1K, BRI 15 min, SRIGFTJOK QIR G UK, BET ST, TS SR R 1E
56 “C'F FH 10 mmol/L DTT A )5 30 min, $£35 FH 55 mmol/L IAA W Tl Ak, FiR R RCig s
20 min, BEJ5FH 50 mmol/L ABC 2% i SRS 0N 50% 1Y LA S min, 42 3K, fefi FHIEK
CEEUK RS TH . B BK)E B BERE B T 50 mmol/L AR ER A 2 2% whii b, LIRS Py Hefil
1:100 TN PN 2 (G Glu-C, 25 CFE 1R 5 BEER FIREAE 37 CF & 7 .
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12,6 itk BS pLAESGE 1T pg 20K, FFEZ AT (75 pmx20 mm, 1. 9 pmFifz, C18 5
$i, 12 nmFLA2). LLO. 5 pL/min AR AE 2% ACN F10. 1%FA BRSP4 15 min, FishAH A N 0. 1%
R, WA B A 0. 1% BRI ACN. % 300 nL/min 437 e K BE , W 3h4H B A4 FEIZERT 50 min
WM 6% $2F+51]22% , 3 7E 8 min WETH K 36% , Fit) 2 min $2 7+ 2 80% . f#i F Thermo Xcalibur % {4
AT MS Bds . FELmESS R ## A Nanospray-Flex R0 R, iS5 LR 2. 1 kV, —Z iR E
400~1800 m/z, BFIHECHFR R 3x10°4>, Fe KIEABE] R 120 ms, 7E m/z 2004k, 43385 4 6000. 7E4L
PEACHE R, eI b B w9 10 M RE S Pt 10, BB B T HER: 30 . BEES T
VUM AT 5 (B SR 1. 6 m/z) , FFimad o RERIEARE 75 3 5 (HCD) A 7R3, I —fLrlide RE 543 1)
4 20%, 39% F140%. IS EPE B D AT, B EEH AR N 1X10°S, SR AR E
150 ms, RARBA BT

127 #AEWHH EF o4 R Byonic(V5. 4. 10, Protein Metrics 2 7] ) 18 JERE T 5 06 B e dE 1 7
g, R T UniProt Z4iE 22 (PO1588_2024 4F ) R 21 A0 A A= B R 2R 1 e S EA TR B TR, KR 4%
1+ TR ECE Glu-C Y], BV 800 5l ks 2R A 2 IR C s B 4 2R C ot s AP A KT 14
UYL A 5 BB RIS F B 7 B A0 BRI B Ry 210755 [l B4 M 21 e R AR R Sk Ak 5 mI AR & Ay
it 22 R 1) S A RIS B I g 8 R 28 T P I ISz 5 Byomie 47 A 38 i 2 ERL NWER O Fofv o UL O it o il Dy
SASAE IR INB E S B IR 2 . X 7= A A 45 SR SO HR ) — R (R 8 Feadb A 1 e
SO, XA EE 5 B 5 B TR, RBR RS R AL &1 ; Off-By-X (H 1 & H %
M. XTEEECE Y 2% B A TEER R AT X, FEAKEF A | BBV BORORE . IR HE s+

2 GR5H

2.1 rhEPO ZEHERIFHRIRIE

¥ ApNPV-bacmid-EPO H 2 2% (A AVEZR I, 55557 15 d J5 BUMLIK EL 20 A, 3 2 2 ' i A L 82 51
P 1), B R FH 12% SDS-PAGE BEKHL Tk Al Western-blot (His HUANE N —3T ) % EFEA 1 H rhEPO
2R 1EOL (B 2). B 2(B)H, 7 25~35 kDa 4b 3 H 19 4547 (B8 thEPO & 143 T i 2 8 25. 11
kDa), T 1E# 2 e 28 # R AR Btk 254 , SR thEPO & BN 7EFE AR IR 3R 5K

B

Fig.1 Transfection of ApNPV-bacmid-EPO observed under a microscope
(A) White light microscope; (B) fluorescence microscope. Cells were derived from hemolymph of pernyi pupa 15 d

after infection with ApNPV-bacmid-EPO.

(A) ApNPV-bacmid — + + o+ (B) ApNPV-bacmid — + + +
KDl iy

150

100, 100

70 70

501 50

40 40

35 35

25 25

20 20

15 15
Fig. 2 Expression of rhEPO protein in pernyi pupae analyzed by SDS-PAGE and Western blot

(A) Coomassie Brilliant Blue (CBB) stained gel (12%) ; (B) Western-blot (His antibody). Lane 1: protein marker; lane 2:

healthy pernyi pupal protein; lane 3: pernyi pupal protein of the infected vector; lanes 4 and 5: pernyi pupal protein infected with

EPO recombinant vector. Two rhEPO bands were detected between 25 and 35 kDa in lanes 4 and 5(arrow head ).
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2.2 rhEPO )5y Bak 5iF A

{5 FH Ni - IMAC 26 FIEE I % 2 A #EF T 24k, SDS-PAGE 1 Western-blot 23 b7 4% 5 i /R 4lifk 5 kR 5
M HMEMA SR —[KE3(A)F (B)]. #/H Human EPO ELISA i 7] & 5 & 3 ¥k 2 i b5 i il 2k
[E4(A) ], BHAtAFETE 50% Tl B 44k thEPO 5 B8 59 %5 /5, IIASAE A450 nm 2L RGBSR 0. 270, R
AFRUERZE , P18 158 FEHT chEPO 2 AW 4 1. 6 mg/mL. BifiJ5 , RS AXTali AL AE Sk g 7 R
L3R 0 4(B) Fits, BlEE rhEPO ¥ B B8 i, TF-1 200 0 £ 48 11 38 28 0 S b, 2446 4 10 ng/mlL
I, BB B b TP 2% . SE S R, RS rhEPO 9 EDS0 24 838. 7 pg/mL, #4% EDSO#E—4
PEAG A F rhEPO BTG PEZI 4 1190 U/pg.

(A) Flow- His-tag pull down (B) Flow- His-tag pull down
Marker Total through | 2 3 4 5 Marker Total through 2 3 4 5
kDa kDa
150 150
100 100

70
50

40
35

25

70

50
40
35

25
20

20

15

15

Fig. 3 Analysis of purified rhEPO by SDS-PAGE and Western blotting
(A) Coomassie Brilliant Blue (CBB)-stained gel (12%) ; (B) Western-blot (His antibody). Lane 1: protein marker; lane 2: no
purified fraction (all proteins of hemolymph of pernyi pupa) ; lane 3: flow-through fraction; lanes 4—8 (number 1—>5) : purified
thEPO. Two bands were clearly observed between 25 and 35 kDa in lanes 6 and 7(number 3 and 4) , indicating thEPO.

o 1200F

2 (A y=574.19x+1249.9x-170.21 09k ®) .

g 1000 R=0.9974 /p o8k . -

= S

£ s00f 07k

g /7 2 (]

S 600F < 0.6F

2 i »

8 400f e 0.5

8 e .

w200 4 0.4r ‘

: .

g 0 ./“ L L L 03 I 1 |

= 01 03 05 07 09 100 1000 10000
Auso Purified thEPO concentration/(pg-mL-")

Fig. 4 Quantification and activity of purified rhEPO
(A) Human EPO ELISA standard curve. Each concentration of the standard substance was tested in triplicate to generate the
standard curve. The absorbance of purified thEPO (stored in 50% glycerol) at 450 nm (A450) was measured after a 5°-fold
dilution, yielding a value of 0. 270. By interpolating this absorbance into the standard curve, the concentration of thEPO protein
prior to dilution was calculated to be 1. 6 mg/mL. (B) Proliferation curve of TF-1 cells stimulated by thEPO. As the concentra-
tion of thEPO increased, the proliferation rate of TF-1 cells rose sharply. However, when the thEPO concentration reached
10 ng/mL, the proliferation rate plateaued. These results demonstrated that rhEPO possessed biological activity in vitro. The
bioactivity of thEPO was further estimated based on the relationship between cytokines and EDg,, though precise bioactivity

values require additional experiments for confirmation.
23 BERFEXZHRESH
231 BEFLER BHERCRER-FETRERF SIS S REENE AR, HTHRAEDA S
W T2 ConA W] AR SVESS SRR 1L C3, CAFI Co N B AT ERMERL A A sk L, WGA 2>
SEZE A GleNAc A R MF —RAK™, VVL AT 254 GalNAC™, AALMIFESPESS & N BB L0 h
BP0 AR I RS AN B, T DL S ConA X2 AIRE S A T2458, A5 R B
(IR AN 4 LR 5 (A) 1. SRJG 285 F VVL, AAL DA K WGA Salifbt ki 7252, 45 RAr B &
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FAb A 2 [ 5(B)~(D) . XSS5 SRR, MEAR IHZR 1K 1Y rhEPO AUREES th T BB & 43 LU TR b 45
¥ : Man (a1-6) [Man («1-3) ] Man, GleNAc (81-4) n, GalNAc, Fuc(al-3) [Gal (81-4) ] GleNAc ¥, Fuc
(al-6) GleNAc.

A) Flow- His-tag pull down

. Marker Total through | 2 3 4

His-tag

B His-tag His-tag D
(B) kzlga(l) Marker pull down Total © IE?SMarker pull down Total ® 15?5 Marker pull down Total
130 130 130
100 100 100
70 70 70

55 55 55

35
25

35 35

25 25

15 15 15

10 10 10

Fig. 5 Lectin-blot of rhEPO

(A) ConA Lectin-blot; lane 1: protein marker; lane 2: no purified fraction (all proteins of hemolymph of pernyi pupa) ;

lane 3: flow-through fraction; lanes 4—7 (number 1—4) : purified thEPO. (B) VVL Lectin-blot. (C) WGA Lectin-blot.

(D) AAL Lectin-blot; lane 1: protein marker; lane 2 : purified thEPO; lane 3: no purified fraction (all proteins of hemo-

lymph of pernyi pupae ).
2.3.2  ESI-MS/MS Fig 247 BEELAL A7 55 A7 A6 v] LU 25 52 i B S S5 M Re s, edsdns XL i
TEPTE RN R . WS T s P BRIV L S iE— 205 i B S ) 25 (IR Y, DT 380 9 LA P v P N 2
PRRRE, DRI, MEARNHRE LR8O s A TR B I A B S

FERR IR A R b, 3 ol P T i 2l P R ) B B e . (HUEAE AR H H rhEPO 28 25 1 il
Ab 5 42 77 4 JIK BE EAENITTGCAEHCSLNENITVPDTK , 3% fIK B4 & 2 N TRTE () N-HE AL 7 5§53
N-WEIAR A7 5 B G B RE AT 22 . 1 T IRBC P A TE Glu-C BRUINLEL, o TRAX 2 MR A7
ST, TEWTFEAE A Glu-C X thEPO 4 TAL T .

Ze 3 W 55 HL S JS , A8 1 Thermo Xcalibur 1 Byonic BF R4 T 808 R E S @ e br . 45 R R
Ve Hh 235 1 thEPO i NAESEAL B 10 5 5 A VB EPO — 3%, Y9405 34 N-WHRAL A 5127, BEASBEL
SR H R — B T TR S R E 6 s . LA 6 (A) A B A iR e . i 6 (A) s, AKEE
AENITTGCAE 3 & —A~ N-WE S (7 25 (55T 741 NIT, # 585 F a3, b3, b4, b6, b7, y2, y3, y4, y5 Fly6
FRAGIN 235 SR B6E T IZ KB R M5 L 5 BRI 1 m/z 1065. 4531, 1268. 5338, 1414. 5923 F11471. 6171
A3 IR AR B | BRBE+N- B CU R . IKBE+N-Z I OB e+ 5 B0 . BRBE+2 4 N-Z BB B R A, Dt
WHIZ K |2t T RSB 7 B T m/z 186. 0766, 204. 0871, 366. 1404, 528. 1934 Fi1690. 2469 43
HIXT N N- 1 BRI K . N-Z BECBEE . N-Z B OB+ Cb% . N-Z Bt C B +2 4~ ORI N- 2 it C
WER+3 A~ COBREORE A, DEIABERR Aot & A TR . 28 BTk, BEIR MBI & A 7E KB AENITTGCAE
BN |, HBERA HexNAc2Hex3Fuc. [RIFE, 7EE 6(B)FI(C)H, BREBERE - 25T ARSI 25 S 43 3 56 0F T

Chem. J. Chinese Universities, 2025, 46(4), 20240479 20240479(6/10)
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100 HexNAc

204.0871 (A)
90 HexNAc2Hex3Fuc
| v6 y5 y4 y3
sol AEN1f frfT j G j C(Carbamidomethy1) fA E
ad b4
Pep+HexNAc
o 10F 1268.5338
g
=} -
2 60
2
<
o 0r
=
< 40t
[
30 ad b7
= 27202
FibxNAc-18  400.2202 6873328
146.0766 IIe\N/\LHs\\ '
200, 366. 14044’(‘ 1511 630. §111- Pe{anNAdHu\
219.0980, | Hex N/\ulle\2; HexNAcHex3 1 _ N A T
n i gbb;“) 1‘79: 1288 5281934 : G‘)O 2429 i Pep HoNAc2Hex2 Pep+HdxNAc-18 TZ?II;;;I:ALI uc
: ‘428 2150 s 16 | p&Alexiinc2 8983629 Pep 1250,5p47 Pep+HexNAc2
‘ L | 53071984 “i‘” 07363101+ | 10634531 ; 14716171
0 nlll] vhwala o Inl..d. TR T | R TR P |J adil y TPPY 1 B I | L
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600
mlz
]le\NAc’IIE\
Yioyls vi4 y13 yI2 B)
N, IfoVfPfoTKf\TI\U'FfoAj'WfoRME
Pep+He\\\Au
100 L 1208.1075
90 friexNAc z=3
204.0872 Pep+HexNAc2Hex3
1035.4813
§ 80 H
<
"§ 70 H B
"g Pep+HexNA¢2Hex2
o 60H 981.4648
2 HexNAc-18 z=3
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= S0R 8734350 |
~ i =3 t Z=31
i Pcp+llg\\lAc|Pep+HL {Ac2Hex
40 1 805.7419 19274512 PeZ TR NAH
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Fig. 6 N-glycosylation modification of rhEPO in pernyi pupae
(A) Secondary mass spectrum of HexNAc2Hex3Fuc at Asnd8; (B) secondary mass spectrum of HexNAc2Hex3 at Asn62;
(C) secondary mass spectrum of HexNAc2Hex2Fuc at Asn107.
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Fig.7 O-glycosylation modification of rhEPO in pernyi pupae
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Table 1 Glycan components by ESI-MS/MS
N-glycosylation sites N-glycan component
Asnd8 HexNAc2Hex2 HexNAc2Hex2Fuc HexNAc2Hex3 HexNAc2Hex3Fuc
Asn62 HexNAcFuc HexNAc2HexFuc HexNAc2Hex2Fuc HexNAc2Hex3Fuc
HexNAc2Hex HexNAc2Hex2 HexNAc2Hex3
Asn107 HexNAcFue HexNAc2Hex2Fuc2 HexNAc2Hex5Fue HexNAc3Hex4
HexNAc2Hex HexNAc2Hex3 HexNAc2Hex6 HexNAc3Hex4Fuc
HexNAc2HexFuc HexNAc2Hex3Fuc HexNAc2Hex7 HexNAc3Hex5Fuc2
HexNAc2HexFuc2 HexNAc2Hex3Fuc2 HexNAc3Hex3 HexNAc4Hex3Fuc
HexNAc2Hex2 HexNAc2Fuc HexNAc3Hex3Fuc HexNAc2Hex2Fuc
HexNAc2Hex4Fuc HexNAc3Hex3Fuc2 HexNAc2Hex4 HexNAc2Hex5
A
3 &

i AL g R B, METR IR IR B chEPO TERIN A — @ Y AEWE 4, LIS PR 1190 Ulpg,
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WO H S 2 AR RBIIFBAE B . (HBi e R e, HAes 24 D7 it 7% #LEPO, H.
A3 2o e s 2 24 25 Uy AR SR B R AR . ASBIET I TS o B TR IR A Y thEPO, — U7 IRIIER] T AR A
U BERE T SN LA T S AR S AL A A, (H Bk = MR R AR A i, 33X O e M R R 8 1 2 11 19 30K
AL TR s I TR A AR R IE R GRS MNIRE PR B Ay T RE DT, T
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