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Abstract . Snake venom thrombin drugs are hemostatic drugs prepared from Agkistrodon halys

venom, and the main active ingredients are snake venom thrombin-like enzymes (svTLEs). The
svILEs derived from different snake species differ in their structures, hemostatic mechanisms,
and pharmacological effects. Therefore, accurate identification of the source of snake venom

species and determination of the svILE content are essential to ensure the quality of these
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products. Based on proteomics technology, the marker peptides of svILEs from Bothrops atrox
were screened with species specificity for the first time in this study, and an ultra-high perform-
ance liquid chromatography-tandem mass spectrometry ( UHPLC-MS/MS) method for species
identification and determination of the svILE content of Bothrops atrox was established. After
reductive alkylation and trypsin enzymolysis of the purified svTLE from Bothrops atrox, enzy-
matic peptide fragments were obtained and determined by easy-nano liquid chromatography-
quadrupole/electrostatic field orbitrap high resolution mass spectrometry ( Nano LC-Q-Exactive-
MS). The mass spectrum data were analyzed by Proteome Discoverer 2. 2 software. The maker
peptide “ EAYNGLPAK”, which characterized the svILE from Bothrops atrox, was finally
screened and validated by comparison of the basic local alignment search tool ( BLAST) with
the NCBI and UniProt databases. For the marker peptide, the enzymolysis temperature, enzy-
molysis time and amount of enzyme for the sample preparation were optimized. The optimized
enzymolysis conditions were as follows: enzymolysis temperature, 37 C; enzymolysis time, 4
h; and amount of enzyme, 10 pL. A qualitative and quantitative detection method based on
UHPLC-MS/MS was established by optimizing the chromatographic and mass spectrometric
conditions. Accordingly, 20 mg of the evenly mixed sample was weighed and placed in a 100 mL
volumetric flask. Then, 25 mmol/L ammonium bicarbonate solution was added to dissolve the
sample, and the solution was diluted to the scale. Precisely 1. 00 mL of the solution was extrac-
ted; subsequently, addition of 10 wL trypsin solution was added, followed by shaking, and the
mixture was placed in an incubator for 4 h to induce enzymolysis at a constant temperature of
37 C. The mixture was subsequently removed from the incubator, cooled to ambient tempera-
ture, centrifuged at 12 000 r/min for 10 min, and analyzed by LC-MS. Separation was performed
on the UPLC system with a Thermo Hypersil GOLD C18 column (100 mmx2. 1 mm, 3.0 pm)
under the gradient elution of acetonitrile containing 0. 1% (v/v) acetic acid and water contai-
ning 0. 1% (v/v) acetic acid, at a flow rate of 0. 3 mL/min, column temperature of 30 C, and
injection volume of 2 pL. The maker peptides were determined in the electrospray positive ioni-
zation ( ESI") and multiple reaction monitoring ( MRM ) modes using the external standard
curve method. The detection ions were m/z 481. 9> 315. 2 and 481. 9> 485. 2. There was a good
linear relationship between the mass concentration of the marker peptide and the chromato-
graphic peak area in the range of 2.5-30 ng/mL, and the correlation coefficient () was
0.999 6, The limit of detection (S/N=3) and limit of quantification (S/N=10) were 2. 5 mg/kg
and 6. 25 mg/kg, respectively. At spiked levels of 40, 80, and 120 mg/kg, the recoveries of the
marker peptides were 95. 5% —101. 9%, while the relative standard deviations ( RSDs) of the
results for parallel analyses at various spiked levels were 1. 1% —3. 2%. The developed method is
simple, rapid, sensitive, and specific, and it can be used for the identification of Bothrops
atrox venom species and determination of the svTLE content. The findings of this study would
help ensure the quality of hemocoagulase products from the relevant source and provide a refer-

ence for the quality control of other snake venom products.
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1.1 B 5iRF

EASY-nLC 1000 24 F ¥ #H €4 3% 5% F Q-Exac-
tive 15 43 ¥ ¥ 3% ( 35 [ Thermo Scientific /3 #] ),
Triple Quad 6500+ %Y /& 50 AH €135 — 5 DU Al T
I A (26 AB Sciex /3 H)), CP225D H, 1
K- (5[ Sartorius /v 7)), Sigma 3-30 K 127k %
DL ({5 [E Sigma 2y ), Milli-Q Advantage A10
4l KX ( 35 [ Millipore A7) ,

2 (a4l 35 F Honeywell 23 H]) , IR ({4

nkal, L E ACS BAEME2E AR | A (75153
Mrali, f5 = Sigma 23 Al ) , Ml 2 Wk e (4 A 4k, 78
Sigma A H]) , = FR B S be (4B al, R
R R 2R A IR W), B 5 i B (4 =
99% , LB R AR YR A IR A A ) | F#IE K EAYN-
GLPAK ( Zli/% =98%, i s R A IR A |
I B SVI ~ SV3, F 3k 1 ke 2% & i i
(2B 98.5%) (FESRIE 25 A PR F] ) | g #E SV4
~SV6 (RN B 25\ A FRITAEAFD ) .
1.2 Nano LC-Q-Exactive-MS % 1{F

% H Thermo ReproSil-Pur C18-AQ Trap f&
(35 mmx0.2 mm, 5 pwm) Biidh &4 K H Thermo
ReproSil-Pur C18-AQ 44 7} 43 #r 4 (250 mm x 75
pm, 3 pm) #7508, WA A 0.1% FERK-&
E(98:2, v/v); Hiishtl B: 0.1% H R /K- (2
98, v/v) . T4 B . 300 nL/min, UL
BiAE .0~ 5.0 min, 100% A; 5.0 ~20.0 min,
100% A ~90% A; 20.0~75.0 min, 90% A ~68% A;
75.0~95.0 min, 68%A~50%A; 95.0~100.0 min,
50% A ~100% A,

HL M55 L 2 ( EST) YR, 1E 25 X, 25 HL R
2.0 KV, & FEMEMERE R 275 C, B F1LhisE
5% (S-Lens) & ALK& B N 60%, — i K
LB BF ( Orbitrap ) 15 24 it i o3 A &, 73 B %
H 60 000, K4 7 Fl 4 350 ~ 1 650, — 2% i %
Top20 U Ha OB A7 RE B 3k 45, >R = BB 5
S22 (HCD ) A5 X HE 47 i 24, 15 — b filf 48 BB
(NCE) %%} 35%

1.3 UHPLC-MS/MS %

6,3 4 . Thermo Hypersil GOLD C18 %354+
(100 mmx2. 1 mm, 3 wm) ;F:i:40 C ;. 0.3
mL/min; F A A 0. 1% H B /K% W, W sh A B
0.1% HIR NG, #EEVEBFEF:0~2.0 min, 10%
B; 2.0~6.0 min, 10% B~40% B; 6.0~6.1 min,
40% B ~70% B; 6.1 ~8.0 min, 70% B; 8.0~ 8.1
min, 70% B~10%B; 8. 1~10.0 min, 10% B, #FFE
%:10 MLo

ESI, IF & a8 X, 2 500 W (MRM)
B B FURIEE 500 C, et B T (OB
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Table 1 Ion information of the marker peptide
acquired by mass spectrometry

Marker Parent ion Product ion Cone Collision
peptide (m/z) (m/z) voltage/V energy/eV
EAYNGLPAK 481.9 315.2" 80 22
485.2 80 20

* Quantitative ion.

14 BAEHHE
1.4.1  ARAF K 06 28 VA

HOF 3k b 25 18 5 mg, BT 10 mL &R
H 25 mamol/L flk R S0 6% V5 TS il 0T 72 25 5 A 2
HHL 200 WL, /i 0. 2 mol/L —Fi I BHEEA L 10 pL,
185,60 TR 1 h, il 0. 2 mol/L 2. Btz 20
wL, #EEHCE 30 min, fill 25 mmol/L fifk iR &0 5L i R
760 L 110 mg/mL B8 IR 10 pL, 37 TR
% 90 min, 90 C K% 10 min, 4 £ 5 i, 12 000
r/min 2.0 10 min, B VE WA R FEAE IR 18 %
T 12 AT S A TG
1.4.2  FRAE R A B 5 6% 4

B2y 10 mg FRAFEGT B RS % R e, B F 100
mL 8, i 25 mmol/L i S IBE R ITER ZE
ZIBE 5T ORG % B B AR R (100 pg/mL) i
JH 25 mmol/L Bk 2 & B v W T o T A5 J5T £ Vi 2y
100 ng/mL 4FAF PR3 HE 5 A 45 7
1.4.3  FRAEJK R B AR B

I 1. 4.2 75 RRAE KOG R Aif 2% W i, 25
mmol/ L B R S0 i v W0 B o A5 o £ vk B2 43 0 o
2.5.5.8.10,12.20 F1 30 ng/mL 1Y 25 bR HEV UK,
$e 1.3 AR TR
1.4.4 & B R

B 20 mg, & T 100 mL A&, K5
TNAHERE A 25 mmol/L 1Y Bk 2 &84 I 2 4%, $8
A RSB RN RV 1 mL, A R E Bl 10
mg/mL FEE FBFA R 10 pL, 78 37 T F & 4
h, 12000 r/min Z.0> 10 min, Bt F3ERAE R L5
VR, 4% 1. 3 1 AR TR
145 ZABER

i 55 B O 2 25 mmol/L Y BRTIR S5k T 1
mL, LA 10 mg/mL B8 A EEE W 10 wL, 37 TH
JNE 4 h, 12 000 r/min B0 10 min, BEERAE N
25 PR, 3 1. 3 15 SR AT AR

2 HREHR

21 THREHER
211 BRAE AR Y 07

REAE R BE 52 T AR VRORH €0 3 - HR IOC T 5, iF
A7 88 0 P o AT A GRS, B T
JeE SRS T IR S R AU R e M, AR
SR FHI A5 5 %) I A 25 12, T &l A 1 o Sk i e I
I A T AR | AARAS 3 6 i Wl KB, I R gl T
WA - B B A B AT A, R T T i
M iS4, {6 [l Proteome Discoverer 2.2 #f4:
( Z2[# Thermo Scientific 2 &) X 1% 2045 #4770
B, R0 0 3 T O Sk 0 e 215 6 1f il %) 4% FH 22 KT
%1 EAYNGLPAK . NVITDKDIMLIR . FICPN . KNVIT-
DKDIMLIR , 3 — 45 2 % 5 fiF J0k 7 326 — Je Js o 1%
e EAYNGLPAK” /54 7 Sk M5 i S € 1 i 1) FREAE
JIK . Atk — A5 56 IE % R AE B 0 B R 4 S 7E NC-
BI %548 122 B %R 1E Ik “ EAYNGLPAK” i# 4T BLAST
FEXE AT, B LA O Sk 0 e 7 28 B 1l il A, LA
P, MRS NCBI %l 12 v or Sk 06 i 2558 1.
R ILWR 7 5 ( UniProtKB/Swiss-Prot; P04971.1) 1]
A H S A AE ME— ) EAYNGLPAK JiKEE, 7T LA
BRI K A 5 F e E O S 0 e e 143 215 58 1 g
M, IR RR A — 2O —ZTE A 1 R,
2.1.2  FRAE K MS/MS % 3 th 4t 1t

SHARUE 7 ¥R I 2 P P R AT M) AT R
MRM A5 2 0 4 1 K i 8 1 8 1, DL S B AR 2y 3
B BAR R F B AR E B, AR5 IE Y B X
FFG R AE S H, R A S A3 e Sk, AR S8
K HMESI R (R 10 wl/min) [6] = 5 UM AT 53
Hg ] AN LA BURHIE IR (EAYNGLPAK) i i 5 W
(100 ng/mL) , 33— R BRFAE R £ 25
T, BRI — b B Tl ot R e E iR R R
R R BT, S8 o N DT e A lf 2 A A e 25 i
B WA SR B T IR S B, o AL L
Ko A
213 BEEMAERMA

T B A TR AR Y P 5 T R T AR L (37
C) BEHE (10 wL) BEAEEE (4 D), B8 T 6
JiH R R 2, T Bl ) AR E K R A R R, S5 SR R
it i 1A 28 R R A5 0 A B S BRI 2 TR X = A
(A AR JUR 2t TG S 3 52 i), R U 6 36 TG 3 D 90 1)
it ik 25
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Fig. 1 MS and MS/MS spectra of marker peptide (EAYNGLPAK)

it ik B (1] 14 2% %3¢ . 1 7 Ak 3 32 (37 °C) (i
(10 L) , 2% S f i 1) 0 a2 &5 SR e, L
BT AR A 1] (0. 51,2 4.6 .8 12 h) 2R 1Yy
fERKIETRIAR, PRI 2 AT LA Bl 25 0 A ] %) 22
o FRAE R P B R i T, A (B 3 4 o DA
Ja AR AT e, Ul BH AR SO T 5 4, AR
5 B PR A 1R] A 4 h,

it %) D S« 1 A L (37 °C ) 0l At i ]
(4 h) LMY o S5 R s, i 3 ]
DUF #9110 mg/mL B g Y
MM 10 pL UG, S5 R TR0E , Ui 24 mE Y H
R 10 pL B, 2 LSS AR & A ik s
i N 10 pl,

2.2 HEFWIE
221 EEH

I 1.4 35 2% B9 5 AF K X B8 & % (10
ng/mL) %5 AR B PR 7 T (B SV3 g A
and% 1. 4.4 5kl eE) % 1. 3 17 UHPLC-MS/MS
HEATA3HT . G55 B A5 F R TRORT P AR o 1 Y AR A
FUE JERXSF I 8 Y ) A7 B TG T 0 06 B, AR AE R
R, MRM 3% & WL & 4, % % 07 4% @ v
KA,
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Fig. 2 Peak areas of monitoring ions at different
enzymatic hydrolysis times
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49 1] T S0 g 4 A K 2 T 815
3 Peptide 0 Blank 25 Negative sample
b 2.254 q
] 481.9>351.2 081 481.9>351.2 204 481.9>351.2
% 2] = ] = ]
< 2 0.6 = 15
2 ] 2 ] z
g g 041 § 1.0
g 19 g ] g ]
0.2 0.5 ]
0 f —TT L B L 0.0 : w""\ ‘m‘ ™ 0.0 : L “wwﬁ‘—v—v—ﬁ—v—v—f—v—v—%
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1 1.5 ]
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S =z 2300
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5 g ] ]
21 057 100
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Fig. 4 MRM chromatograms of marker peptide reference solution (10 ng/mL) ,
blank solution and negative sample solution

222 EHASANEEE

IR SR E IR, 7% 1. 3 17 UHPLC-MS/MS 4%
PERSEFTREEE . LhE i B X m/z 481.9>315.2
T AR A AR bR (), DA Bt i v AR i K 1Y)
R T A AL AR (2, ng/mL) , 2 HlbriEfi 2k, 15
FLME M R y =143 8682-54 779(7r=0.9996) ,
£ 2~30 ng/mL [ N, FRAE K0 BT vk B 5 A
WA RO R R,
223 REREEER

HU1.4.3 %5 2.5 ng/mL A HFAE X IR 558 )
WA, 1405 1A A RO R AR A Rk BE 1)
FEOERRIS W, AR, SRFAE KBTSkl 0.5
ng/mL Fl 1. 25 ng/mLHs}, X7 (1) 04 &5 17 Mt He 43 51
P13 F1 1010, 3 1. 4. 4 5 R S BURE B R R
FEBOT 5, R 7 v W R BRI PRy 51 2.5
mg/kg Fl1 6. 25 mg/kg,
224 EKFE

AT AR I ) S PR A RS IR 8 3 K
R RFE IRAR RIS W, B 7K AT 6 YROFATIR S,
TR, G503k 2, M3 95. 5% ~

F2 3MKETHMIREBZERK RSD(n=6)
Table 2 Recoveries and RSDs at three spiked levels (n=6)

Added/(mg/kg) Found/(mg/kg) Recovery/% RSD/%
40 38.21 95.5 3.2
80 78.55 98.2 1.1
120 122.29 101.9 2.5

101. 9% , £5 7K A 700 502 W0 45 S 10 R X o 4 v 22
(RSD) 4 1. 1% ~ 3. 2%, 5¢ 4= e 5 15 & S B A i Y
R K
225 KE%E

B2 1. 4.3 %5 10 ng/mL 4 F#AE Jik % B8 A
A 6 U, T 8 & B 0k ok i 06 T AR Y
RSD, Z5 550 1. 2% , W 2k 25 8 R AT
226 REH

B1 4.4 THHHS BB, & T 8 C, 5T
0.2.4.6.8.16 J 24 h AN , T3 53 X AT
X 1o e T AR RSD, 25 2R 8 2. 6% , 1hd B ALt it V25 T
HHFIEKTE 8 T 24 h WEASE
227 EHAM

K% FREU SV Mg BEFE AL 6 1), ) 20 mg, #%
L4457, w8 i s W, TR ke oA, 25
6 FE AL A2 & 8 102, 51 mg/kg, RSD A
3.3%, WoR AR IEE A R,
2.3 SERREFmMINE

KA X IE RN 6 g RERE S T 2
Z5R 7R, SVI ~ SV3 A i 7 2 3 5 % IR Ak Ik
EAYNGLPAK A5 B4 i ] — S0 e i i, il Hok
RT3 050 R HAMR ke i, 45 5 7R AR AE K
SEVEHEH 102. 51 ~105. 40 mg/kg, SV4~SV6 i
FEXT BRRRAE IR0 1 L B B ) A 24 A PR R 0 e e, (8
INAKG I EZRFAEIK , PRI R AR S g e e 75
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