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Characterization of Recombinant Human Follicle-Stimulating Hormone Disulfide Bonds by High Resolution

Mass Spectrometry

HU Xinyue', XIANG Yuxing2 , SUN Yue', WANG Liiyin, LI Yi', ZHANG Xiaoming' , LU Ping' , LIANG Cheng-
gang1 L) ing1 * (1. State Key Laboratory of Drug Regulatory Science, NHC Key Laboratory of Research on Quality and Standardi-
zation of Biotech Products, NMPA Key Laboratory for Quality Research and Evaluation of Biological Products, NMPA Key Laboratory for
Quality Research and Evaluation of Chemical Drugs, National Institutes for Food and Drug Control, Beijing 102629, China; 2. China
Pharmaceutical University, Nanjing 210009, China)

ABSTRACT :OBJECTIVE To establish a high resolution mass spectrometry method for characterization of recombinant human
follicle-stimulating hormone disulfide bonds. METHODS For pre-treatment, follicle-stimulating hormone ( FSH) was diluted to 0. 5
mg + mL ™" with diluent, subtilin, trypsin, and PNGase F were added into the stock solution respectively, and 1 L 10% formic acid
was finally added to stop the reaction. For LC-MS analysis, ACQUITY UPLC Peptide BEH C 5 (2. 1 mm x 100 mm, 1.7 pm) column
was used, the mobile phase was 0. 1% formic acid/aqueous solution ( A)-0. 1% formic acid/acetonitrile solution(B), and gradient
elution was performed. The mass spectrum acquisition mode was ddMS2, the ion source was ESI™, and the scanning range was m/z
250 -2 000. RESULTS The 6-p-disulfide bond of B-subunit was successfully identified, with the values B as followes: C3 = (:

51. B:Cl17=p:C66; B:C20=:C104; B.C28 =pB.:C82; B:C32 =p3.:C84; B:C87 =B:C94. The 5-p-disulfide bond of a-subunit
was successfully identified, a: C7 = a: C31; «: Cl0 = a: C60; o: C28 = a: C82; a: (32 = a: C84; «a: (C59 = «: C87.
CONCLUSION The localization method of disulfide bond of recombinant human follicle stimulating hormone ( hFSH) is established,
which provides a new idea for the quality control of disulfide bond connection.

KEY WORDS: recombinant human follicle-stimulating hormone ; disulfide bond localization ; high resolution mass spectrometry; enzymolysis
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Fig. 1 The structure of human follicle-stimulating hormone ( hFSH)
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195715) [ FEBR I /RBHE (hED ARA R ] =(2-8%8
L) Eh IR 3R (TCEP. HCI, fit*5-: 1.SBZ2552) A %L
FFIRI (HE' . P5459 SR YR H A 2E F0AF 14, glycerol so-
lution 50% ) [ PURSFSIPE R 27 ( FikF) SHA A FRA T 15
JEREE g (415 V5111, 5552 25 pg, Promega JE57) 5
PNGase F({lt'5-:PO704L,NEW ENGLAND BioLabs) .
1.2 7%
121 G D BRI B 0.193 ¢
Na,HPO, : 12H,0#1 0.067 ¢ NaH, PO, - H, O, it A
100 mL&fifk oK, AT RIFS . @100 mmol - L' fj TCEP
VAU - X 28. 6 mg 1) TCEP. HCI, fil A 1 mL 2fiff/KiR%]
HIEE
1.2.2 R UIALBE Ky FSH R HIFR B
BE 0.5 mg - mL™" BUZIAW 100 wL JI ARG SR B
HEAME 1 wL(BO10 pL AL FFFRBEIA 840 L 4l
IKIRAD) 37 CRESE 17 by S5 A 1 WL JBeE il (R
BESZ 25 pg MOIBEEE T 1 52, INAtK 25 L JA TR
1) ,37 CHf# 8 h;ifa , iA 1 pl PNGase F,37 “CJiff
fif 17 h AT L AFRGER 10% TR , 45 L1500
1.2.3 e JERgb G i b3 F FSH R
B RS 0.5 mg - mL™" BUZIEW 100 pL A
Rt A H B 1wl (10 WL &b S 3 B A
840 wL EafiK ,i2]) ,37 CHf# 17 hiJFMA 1 L
e A i CIBORLAR 25 g/ SZBREE 1 1 52, INAGHE
4liyk 25 pL, iR %)) ,37 CREEME 8 hyd ), A 1 ul
PNGase ¥,37 “CJifi# 17 h, it A 1 pL 100 mmol - L!
i) TCEP %% ,37 “CIFH 30 min, fiITA 1 wL ARF5304K
10% HY PR , 45 11 S
L.2.4 WR&M WM AF: R ACQUITY UPLC
Peptide BEH Cg(2. 1 mm x 100 mm,1.7 pm),L1 0. 1%
R/ KR (A)-0. 19 W/ LG (B) i shAl,
BREEVEIT (0 ~ 60 min, 0.5% B—20% B:60 ~70 min,
20% B—98% B;70 ~75 min,98% B;75 ~75.1 min,
98% B—0.5% B;75.1~85 min, 0.5% B) , ikl
0.2 mL + min ", #EJE K 60 C , #EFERE 20 Lo

J R S P < R SR SR ARy ddMS? 57 35, 4l
105 B IR T, B IR AL A IR B 320 °C
FAHFEH m/z 250 ~2 000, —Z 73 #4260 000@ 110
m/zy AR 15 000@ 110 m/z,
1.2.5 Ab¥iyrik g WARRAHE LR E A B
SR, AT AR S R AL G R R EIR AL, 13
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PEREY] (nonspecific ) ; o WAEAL PR Ty 5 HE  Fi A o
RIS oA | IR 4 S E =R AT I O =N &
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BEERIN T BRERE A 1 x 10°, 22 10 x 107°, JE4R
SR Y] ( nonspecific)

2 RHHER
2.1 BRAYELER

X F 4 R AT 0k, 3 A &R B C3 = B
G511, B:C17 =3:C66, B:C20 =B3:C104,B:C28 =R
C82,B:C32 =p3.C84, B.C87 =B:C94 ) 6 Xf —#i
HEEA MS2 (KB, WK 1 F7R, 6 XF i i34 46
HMZXS A E AL C = C 4 Ik B, — P 22 M 7E
10 x 10 = Z P, B IR BL IR 735 254 53 9E 3R (average
structural resolution, ASR) & 1.0, ¥E#: B.C3 =
C51 A9 NSCE =KTCTF A1 B:C17 =.:C66 #J ECR =
PGACH KB (®2) , 345 B.C20 =B.C104 1) FCIS =
YCSF KBCFI B:C28 = B:C82 f)) WCA = TQCH kB
(K3), 38 B.C32 =p3.C84 1y GYCY = HCGK JkEx
1 B:C87 = B:C94 1) GKCD = DCTVR JikE: (& 4) , ok
— XL 6 2% C = C IRB T — R TR0 AT,
TS HT HAMNYRE RS, AT B AR 6 X
M= o B 2A TRt b3 | y2 y3, K 2B iy
y3.y4 A1 b3 7] #ith NSCE = KTCTF f) C3-C3 &7
A 2C iy b2 y2, DA E 2D Hri y3  y4 Fil b3,
b4, 7] 1IN ECR = PGACH ) C2-C4 ##: 728 K 3A
A b2 b3 .y3 FIE 3B H1 A b2 b3 .y3 Al #iih FCIS =
YCSF ) C2-C2 % #2757 20; 8 3C 1 b2, y2 A1 3D
b3 .y2.y3 AlffiIk WCA = TQCH fy C2-C3 3% 7
3 B 4A H b3 y2 y3 FIE 4B H y3 AlffiiA GYCY =
HCGK ) C3-C2 #2720 K 4C A b3 . y2 .y3 11K 4D
/ y4 A itk GKCD = DCTVR [ C3 il C2 i#E#:57 2,
2.2 a BHEEEER

o MEIEFRAEALE 2 A AH AR R o3 i) 5 HA
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tural resolution 2/NT 1.5, «:C59 = «:C87 ¥ K7
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1 hFSH ty B Ir F = % 4 I B fk B 15 &

Tab.1 Information of B-subunit disulfide bond matching peptide of FSH

Connection type The peptide containing disulfide bonds MW ( Theoretical ) MW ( Measured ) Deviation/ x 10 ~®  ASR
B:C3 =pB:C51 NSCE = KTCTF 1 .047.399 0 1.047.400 1 -1.0 1.0
NSCE = CTF 818.256 2 818.257 5 -1.6 1.0

NSCEL = KTCTF 1 160. 480 2 1 160. 484 2 -3.4 1.0

CE =CTF 617.181 8 617.182 5 -1.1 1.0

B:C17 =B.C66 ECR =PGACH 887.334 9 887.337 8 -3.2 1.0
ECR =RVPGCA 1 005. 4459 1005. 448 4 -2.5 1.0

CRF = VPGCAH 1.004.430 5 1004.4320 -L5 1.0

ECRF = PGCAH 1.034.403 4 1 034.406 2 -2.7 1.0

ECRF = CAH 880.330 0 880.332 0 -2.3 1.0

B:C20 =p:C104 FCIS = YCSF 984.370 7 984.372 1 -1.4 1.0
FCI = GPSYCS 991.374 3 991.3779 -3.6 1.0

FCI=SYCS 837.301 4 837.303 7 -2.7 1.0

B:C28 =B.C82 WCA =TQCH 863.304 3 863.305 4 -1.3 1.0
WCA =CH 634.197 8 634.199 2 -2.2 1.0

B:C32 =p:C84 GYCY =HCGK 945.344 9 945.347 3 -2.5 1.0
GYCYT = HCGK 1.046.393 1 1.046.3950 -1.8 1.0

GYCY =CGK 808. 286 4 808. 288 4 -2.5 1.0

YCY =CG 623.170 7 623.172 0 -2.1 1.0

B:C87 =B:C9%4 GKCD =DCTVR 1011.407 8 1011.411 4 -3.6 1.0
GKCD =STDCTVR 1199.487 5 1199.491 1 -3.0 1.0

GKCD =TDCTVR 1112.456 1 1112.459 0 -2.6 1.0

TE:MW — HIX 73 7T i ;s ASR - P25 73 HER

Note : MW — molecular weight; ASR — average structural resolution.

y

A NSCE/KTCTF[1ss](1+) Y s <

ASR=1.0 residues
. .
E
e a2
a4
1 002.407 0
631.2553 Y,
< 5652047 847329 4
21 200.. < i
595 52 14 819.265 0
14303)) 2ﬂ133l432.[447 s

200 400 600 800 1000

m/z

156.076 4 ECR/PGCAH[1SS](2+)
ASR=1.0 residues

Y, ¥,
1751186 3801341

331.623 0
227.1136

654.233 5
516.167 5 i

100 200 300 400 500 600 700 800

B NSCE/KTCTF[1ss](1+) ¥s
ASR=1.0 residues 10484052 —

mwmmﬁ b,
8833242

Y3
6312553 819.265 0

a, /
7542792

b

.
120101 8 %

; 565.294 7
230,149 0 452,144 7

200 400 600 800 1000
m'z

v, ECR/PGCAH[1SS](2+)
D 156.0764  ASR=1.0 residues

¥$
444.675 1

Color Codefox You laensity

662238 8

7
396.149 0

a2
317.6255

bI

! a, 733273 4
Y2 634241 4
5161675

100 200 300 400 500 600 700 800
m/'z
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Ly
Siis R A

A -B:C3 =B:C51 NSCE terminal secondary mass spectrometry; B —B:C3 =B:C51 KTCTF terminal secondary mass spectrometry; C — 3:C17 =3:C66 ECR terminal sec-

ondary mass spectrometry ;D — 3:C17 = 3:C66 PGCAH terminal secondary mass spectrometry.
B2 hFSH ty B T 4 B:C3 = B:C51 2 B:C17 = B:C66 fik & = 4 Jir i [
Fig.2 Secondary mass spectra of 3:C3 =B:C51 and B:C17 =:C66 peptides in B-subunit of hFSH

i C 1 3 N IEIRIF 5] MGC 88 LA GC A
ST IKBE, Sk il T 1 4> HARIKBEA CP =
GC,ASR 4 1.0; 75 7b—~~"& DCP = C, & W) & & &
AR, [ DCP = C ANRERf & MWL E Y C,H

T E 22 2025 4 1 H A5 60 B4 1

WPy R FHHERR 25, BB RE R B T «: C7 ~ a: C31/a:
C32 WyAKEL , AR A E C7 5 C31 Fil C32 myitd:, i
it a:C32 = a: C84 Z Z5 KB, HERR C7 5 €32
W3 $, 1 %2 DCP = C 4 «: C7 = a: C31 19 3E $%,
-89«

Chin Pharm J, 2025 January, Vol. 60 No. 1



253.1178

Y,
219.133 4{320.1

200 300

1239

FCIS/YCSF[1ss](1+)
ASR=1.0 residues
515.1404

362,152 1 b,
967360 7
604.1879 a,

7392601 b
6282243, 7672493

400 500 600 700 800 900

m/z

¢ WCA/TQCH[1ss](1+)
.0 residues

ASR=1

156.076 6

100 200

159.0912 291.057 6

5.20:
635.204 5 M

Y,
864.309 8

v,
678.2318
449, 12’96171842

847.285 0

300 400 500 600 700 800

mz

Y,

253.1178

al
136.0754 | 320123 9

FCIS/YCSF[1ss](1+)
ASR=1.0 residues
515.140 4

362.152 1

604.187 ‘)

967.360 7

b,

820 300 4

703 2697

200 300 400 500 600 700 800 900

m'z

WCA/TQCH[1ss](1+)
ASR=1.0 residues

y,

% 6352045
156.076 6 =
e %
864.309 8
iati
P
e e
449.1259 a,
a, 617.1842| |681.2470
202.118 8
379.142 7 ¥
63.264 5
In! ‘.‘|I“r |f||x
100 200 300 400 500 600 700 800

m'z
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B — BT

A -B:C20 =B:C104 FCIS terminal secondary mass spectrometry; B —3:C20 = 3:C104 YCSF terminal secondary mass spectrometry; C —3:C28 = 3:C82 WCA terminal

secondary mass spectrometry; D —3:C28 = 3:C82 TQCH terminal secondary mass spectrometry.

B3 hFSH ty B T 3 B:C20 = B:C104 F2 B:C28 = B:C82 fk & — %

Fig. 3 Secondary mass spectra of 3:C20 =3:C104 and B:C28 =:C82 peptides in B-subunit of hFSH
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A -B:C32=03:C84 GYCY terminal secondary mass spectrometry; B —:C32 =3:C84 HCGK terminal secondary mass spectrum; C — :C87 =:C94 GKCD terminal sec-

ondary mass spectrometry; D —3:C87 =3:C94 DCTVR terminal secondary mass spectrometry.

B4 hFSH ty B T3 B:C32=pB:C84 fk B fu B:C87 = B:Co4 fik Bt — 4

Fig B

Fig. 4 Secondary mass spectra of B:C32 = 3:C84 peptide and B:C87 = 3:C94 peptide in B-subunit of hFSH
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BRI, ELRE 0] DA R iZe it — B s e o7 1)
7

XA BB AT e R oo i1 % 8F o C7 =
a:C31 ) CP = GC Ml a: CI0 = o; C60 ) CTL =
CVAK BKBL(E5) , %4 «:C28 = a: C82 Ay LQC =
AC IKBEFN o: €32 = o: C84 ¥ CF = HCS BEEE, a:
059 =:C87 [ TC =TCY (& 6) . & 5A {1 al &
FH[UEH] CP =GC 1y C1-C2 #4207 & 5C 5D
Frf LR ¥ AT 9% Fr, n]UER CTL = CVAK
) C1-C1 3EHz 720 B 6A (6B HA —4fik i, (1 G
HEAIEW] LOC = AC %4 7 i &+ 8 6C 6D
HA R R B CEHAIEM CF = HCS 3370
R B B 6E  yl (& 6F iy y2 B F nl ik ]

%<2 hFSH ty o I3 — A4 ICE K B 12 &

TC =TCYR C1-C2 &4 )5 BARFETE L H AR
C-C #FM A B1, LL L 5 SRR B i 450 A~
PeE IR , PR 4% Bk B A fig i 1ok P~ C-C A % 4%,
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Fig. 5 Secondary mass spectra of o:C7 = a:C31 peptide and o ;: C10 = «:C60 peptide in a-subunit of hFSH
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Fig. 6 Secondary mass spectra of oa:C28 = :C82 peptide, o:C32 = a:C84 peptide and a;C59 = a:C87 peptide in a-subunit of hFSH
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Fig.7 Extracted ion chromatogram of alpha subunit disulfide peptide
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