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Abstract: To screen the proteolytic enzymes that can efficiently degrade collagen, molecular docking and molecular dynamics
(MD) simulations were employed to virtually screen proteases for hydrolyzing tilapia collagen powder. The degree of hydrolysis
(DH), molecular weight distribution, kinetic constants, and molecular interaction mechanisms were subsequently determined.
Results revealed that the binding energies for the three proteases exhibiting favorable collagen hydrolysis-alkaline protease, bovine
trypsin, and neutral protease-were —7.09, —6.74, and —6.62 kcal-mol ™', respectively. Enzymatic hydrolysis assays demonstrated that
the alkaline protease exhibited excellent hydrolytic activity toward tilapia collagen powder under optimal conditions (pH value 9, 50 C ),
achieving a DH of 30.22%. The hydrolysates had an average molecular weight of 548.23 Da, with collagen tripeptides accounting for
51.34% of the total. The Michaelis constant (Km) and maximum reaction velocity (V) were 4.26 mg-mL™" and 1.16 pug-(min-mL) "',
respectively. Thus, alkaline protease outperformed both the neutral protease and trypsin. MD simulations over 50 ns indicated that
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the complex 1AH2-GPH (alkaline protease) reached equilibrium after 15 ns, with the root mean square deviation fluctuating around

0.175 A. This complex maintained an average of four hydrogen bonds and a stable radius of gyration (Rg) of approximately 1.67 nm. In

contrast, complexes INPC-GPH and 3MFJ-GPH exhibited less stability. These findings indicate that the alkaline protease identified

through virtual screening exhibits high affinity and specificity for tilapia-derived protein, providing important reference for collagen

tripeptide production.

Key words: molecular docking; collagen tripeptide; protease; molecular dynamic simulation

TE TR 45 2 AL 230 R 1 i o 1) = AR, SR
HAMS R SIS E AT 25%~35%", ZHEHES)
Vb EMEOTERFEEN M. REEANS TR
#4300 kDa, EZZIN 14~15 A, K%K 2800 A
EHEAMRA BN R M2 KSR, OEEET
5| (Gly-X-Y) n, H XY KA. E % N PRO M
HYP? . fEP= @tk b, LEiEEn. flmeeE. 24
Vit MER NESPY, Rin, KEREART KD
TAEY, HPE S AE L LIRSS ) S R, A
TARII I A — e SR e, 0 T R A
(B 7 R

R = K — Fh B =R AR /N IR, B R
| AR ETS. 5marREEAML, K
JE R A = IR e R R R e MR, AT DL E A
WIS, BATRE R R, AL fl
JBEALS L IRl T IR T MR S R S R DU
fEY . TR =Bk, GPH fE £ Fh A4 PR o) R b k4%
YEM. 7€ Chae Z" 0 50, GPH @ #E [ GR 15
SO, HCIE SO R T R B TR R D5 ) A
TER, AT A A OR3P HE Ik 25 H ANt 3 2 RS . 1R
N, R = MK E R ORI A R, A
R R A

Jie S AR K I i A T 2 — R LA DT ER B SR A
F, ARAAREEENREEA =, ok Ra
FAFRA AR R R LR P s . SR,
VAT i 28 SR A PT v UK IR AR A ) R g AT A —
Mo o —AN R R K 2 H0 ik B A G RO B AL AT AR
WIS, TERKEHNIIMEA. M- HLT
AT DB R O R IR — e R R Gt 4 i
155 251

G T XN 53 30 )1 AU R B8 X 431 [ )
FHEAE AT IR BB 38, 722590 b 45 2
ML . AR — R T B R Bk
JERERIHIAR, Rl — RN/ 15 H 2R i
AR, P Bl R — R LR R T
R FIEsh AR, SIS 4 )2
WIS BBV TIRAGE U 13, B R T (A
AR EAE 2 R RO 43 T B4 B 43 T 55 S 5

238

6 UEAR &5 A A2 ik BE AT 2000 At H R BB SR = ik 1 B
(VA3 207 %

DN 36 H e NS e UK AR B JR B I B T, AR
TOIET g - RV R P A SR TR, Ry
TRLEAR, KIT AT E A MR T iR
Gy TR, WD I R R R R = BT
T . BEJE, SR OPA GhRiciz. s ROBUH itk
% (HPLC). e By [ M3l 157 5 5r 1 3l 714 vE Ak )
Pl o> e s, LS R AR TS, NIRRE AN
ik T B S % .

1 MRERZE
1.1 I AR

B AR YR PR (I T819002 (35 /74 2500 U'mg ),
AR SRR TR E AT R R R AR GF
J19200 U'mg ") SrhiEE AR (/709 110 Umg D,
BB RARAR ; PIEaREESR, |
FRACH AR A PR 2 7] 5 Bradford 8 K B P0006
WEdFE, FigEaR.

1.2 SEXF %

12,1 ZaBfE s b Enihii

DL “HEElg” Noxsw, DR <25, pHHE
(6.0~8.0) & [ db M HH AT IC AR 45 4 1) 2% AR IR AT I 0
75 RCSB $idfs E i 2 R 8010 5 8 1 B AT 5K 1 = 4
SO TR, A MEROPS ¥4 22" F #2111
HE/KfERE S5 RCSB R & ik T #0318 F Bk A7 X b,
LG A GHIE 7, AW E AN E AR
P

PL GPH N H #5, #]H pubchem (https://pubchem.
ncbi.nlm.nih.gov/)O!" K % FH I = 4E S5 S, 1ER
Be AR H T LR k. fERG AL B |, {3 H Python %
5B A G B e b B AT 4t 2K A R
£, HI4E G PDB &5 /4 SOk s Ak T 042
() PDBQT #% 3. e B B oo 42 48, fi
F p2rank % 2 [ BEECE A A B A BEATHEE B B R
SR, 985 &4 p2rank X4 2 50 10 i B 14




MK EBBHT

Modern Food Science and Technology

2026, Vol.42, No.6

A A T ot o 7 . B W A AutoDock-
Vina®VBEAT LB Sy . 8 o Bkt L A 4R
B A B AR TN &5 A Re L B E N R Al S
GPH MG R, T B A S 2R 45 G 15 0L
GpTEE

122 JRBEE Z KK =g 4 &

BEERIEIR 0.1 g 3 mL FPRIK Hin B 47K
H, BB 10 mine I 0.015 g AR, FHEE
pH AR FE 6 R B 5 ho 1538 /K I 10 min
{FlgS%E, HT 8 000 rrmin' FE.L> 10 min J5HL 1 mL
T A T
123 ZABREKBEFORE

BEHAAE P2 D P K A FEE A ) OPA kATl s Y, F: LA
IR ARHE R F0 8 B I i pH B A R I iR

OPA XA E J7v% : #% 0.1 mol-L ™" /K PUMIER
BRI, 5 3.46x107° mol-L™ SDS T IR G, &
A E R R AR B R IR . TR, BRI E B
DTT, ¥ T 40 mg-mL" [¥] 97% OPA /K Z FEvaw
Bt % ik 44 mg-mL" ) DTT 5 OPA VR A IAW, 1 FH 2%
TKERE 50 mL J5 RIS OPA 7,

2 AR eI R 22 7% . B S mL B0, 4
BN 0. 100, 200. 300. 400 uL 22 % & & W),
B &N 3.0 mL OPA 71, WR&5] )5 & i = M
2 min, PAZEM/K NS, T 334.5 nm P K AN &
WOt BE o AR DA B IR O A 2 TR WK B 2 il A
iiiiES

FESKBEBEN E JEM R - B 1.0 mL /KR, F6
FE 200 5 5 B 400 pL FIFEREL, I 3.0 mL OPA iR 77,
SN 2 min JEIRE 334.5 nm ARG .

e S 3 W E s E O B E 5 Coainern,
(mmol-L™) AruEhZEHEAT X L2 i), FFARIEZ AR
KRR -

Cscrinc>< VXN
A P -0.4)
H= x100% = x100% (1)
htot hmtx 1 0
RF:
H— KR, % ;
h—— K fR a4 Ry, mmol-g ' ;

ho—— B BKAESR, #45 mmol-g’, JRREG A 7.8 mmol-g’;
Cserine 5% F L-Serine 49 % R EZ, mmol-L™;

V—— B Su S R SRR, L

N—— BRRAFEATIL

m—— R E, g;

r——HEFEAREE, %.

1.2.4  ZHECRAR EENE KB F M T H 9T 2H
N
1.2.4.1  mBGHAH B2 1

£ 3% A . TSK gel G2000 SWXL 300 mmx7.8 mm
(GEL LOT 502R) ; JishAH: & : /K, LA
40:60, 7 0.05% (@) =HALER; KK : 220 nm ;
. 0.5mL-min'; A:E: 30 C ; BEFERFR: 10 uL.
1242 FEAAER

W 2 R R R B R IR AL PR
MR AL DO (IR AR A R (IR AR A . R
HEpE S h 5 EOH R, HR&HIZRE &AM
B A S AR A I R = IR . 275 GB 31465-2018
(BRI BN A, FF5 2% LB R VR R A ) AR
W, BFE OB AR 10 min JFAH 0.22~0.45 um
VUG M B8 R PE I JE B il i, wom ik
220nm, JiE 0.5mL-min', AR 30 °C, HEFEARN 10 WL
N SE FEAFFEAT I T o
1.2.5 BER L) ) 35 n 2

I 2 9 £ SR U5 1 R K 43 ol T o B R A
16, 20, 25. 30. 50. 100 mg-mL "' f) % et JH & 4
TR ) ) 45 R P e i B P Y R I ON T B T
2R S R AR Al AR R N 6.67 mgrmL
TE 55038 54 N SR 40 min, M5, A# 2% D s i 0k
58 H R E, HRYE Lineweaver-Burk XS HE1E -,
AITHE DL A R R O SR (1 & R R OK
R E (Km) Fls KR BVIEZE (V0.
12,6 T3 A FHM

FIFH 25 4 7 5 82 5 B = AR 1) B A G -GPH 2 &
Y] pdb SCAF, i F gromacs 2020.6 i3 17 50 ns ] 5
T J1 AN 57 3 ) SRR T Amber99SB-
ILDN /737%™, i GaussView 5.0 #4T7 A . R
Bk TIP3P K4 729, R R4, &R
FKE TIARIEE R EN 0.8 nm, 115 Na™ F1 CI
FHRLAMAR R AT 00 Bl 5 R B T Bl A Ak 43
TR, TR IR AR B A sk 78 300 K i
FERAI 1 atm k73R, #E4T KR 100 ps B NVT 1
17 F1 NPT “F-#7. % H PME 77 2 &b ¥ i v A E./E
HEAT 50 ns A JE T 40 F 3 J1 A, HAEAR 320
K2 fso ML NG, {FH gromacs N B T BT
RMSD #1 RMSF IR E Mo br Bl 428 20 4t BA S &
A EAER 2T
127 HEIH

B SLieff 3 IRE S, DUPIME + bR RRS

239




MR @i

Modern Food Science and Technology

2026, Vol.42, No.6

B, {8 SPSS 28 X ¥4 HEAT Turkey’s K5 5 3 1453
B (P <<0.05)%7, i [} Origin 2021 5 QtGrace 1F K.
X BC AR 5 52 4 (1) 6 B A A ) LigPlot™ #EAT1E B, A
F Pymol“*'F11 VMD™ 347 731 5h 1127 5 I 45 5
2 HER5THE
2.1 HFxEER

f# H AutoDock-Vina X} I i By #4) 4t 14 25 2 Mg E s
5 GPH #HTHEE 0 F0H%, BB AR T 45 &
RE AN 34 10 3 Rl B EATWT T 2 TN R
w1, Hd 1AH2. 3MFJ fil INPC 5 GPH 1
TR £5 & Be 2 5N —7.09. —6.74 F11 -6.62 keal-mol ',

® 1 EAMSGPHIREHZE SR
Table 1 Binding energy of the protease and GPH after docking

&6 B PDB & #5444 /(keal-mol ')
BRI G B 1AH2 ~7.09
G b 3MFJ -6.74
%92k INPC -6.62

- g
e ™. i
p G N A

1 GPH 5Z BB FXHZRER

Fig.1 The results of molecular docking between

GPH and proteases
E: (a) 1AH2 Bt & & 5 ; (b) INPC F M & & 8; (¢)
3MF] Mk € B,

240

a o °

@ © nss
iy b

TyrISB(A),

[e)
[ ]
Phel1S(A)f Glul67(A)
,-,«g e e o @

® e

e o B g cwsm
e® o "
Tynsm% ® %:msw D mann © @
© cimssa) %0 D
@ o ® 5
e _n ) 2,%0
sensin @ %\;’:ssw
@ ° .
Alals0(a)] LAY
E v e
Leul24() 2 D awmzsa
® (‘ Gly152(A)
Schl5(A}0
[ J
o o M
Serl23(A) 5]
1AH2-GPH .o INPC-GPH

o
C Cyst2(A), ® OO
@ Phesi(a)
® e

Gly193(A)
®

%u:zmm

Serl95(A)

» o

P

3MFJ-GPH

2 EAEES GPH MHEEIEMA
Fig.2 The interaction between proteases and GPH
E:(a) IAH2 K E A5 (b) INPC ¥ K& & B; (¢)
3MFJ k% & B,

N HE RS 1AH2 (i () 3MFJ (2F
JREE A B INPC (FFHEE AR 5 GPH Z [A] ¥4
HAER, 12 Ligplot' B fFxf £+ 1) 3 Fifig5 GPH M)
g HWRT M. WE 1 FiR. B R T GPH
HEE 1 B 45 A 1 J7 20 RL K G BB R 2 1) 1R AH B2 )
i & 2a 7T LA H, 1AH2 5 GPH [ 45 & fit o0 B
e, ZHESEAZA 6 MRERETHEIEM, H
1 Ser215. Serl51. Ilel59. Glyl25. GInl85 5 GPH
TE R 6 ANEE, B 0N 3.19, 3.264 3.16. 3.04,
3.02. 2.81 A. M 2b FTLLE H INPC 5 GPH /) 4 4>
BRI R A T A I AR A, Hodb His232. Arg204. Glul44
5 GPH JEHL 4 ANEEE, 8K 508 3.12, 2.87, 3.01.
2.89 A. 1K 2¢ ATLAE i, 3MFJ 5 GPH )45 & g
R, RS RAAZ B 3 N RERAE T A AR
Fl, H:fh Phe4l. Ser195. Gly193 5 GPH FER T 3 4
S, KN 2.88, 3.24 53.03 A,

FIRER), B e - AR A AR e m) 15
F 3 M EF 5 GPH B /K A BAE FH VR4 {5 5, 1AH2
5 GPH 812 5 i /K AE H (2 B R R 5 22 Ser160-.
Ser158. Tyrl61. Glyl55. Alal50. Asnl53. Leul24.
Glyl152. Serl23 %, Tfif INPC 5 GPH [dl 3 5 & /K {F
F 0 & R % L B PhellS. Tyrl58. Glul67.




MK EBBHT

Modern Food Science and Technology

2026, Vol.42, No.6

Leu203. Vall40 %5 ; 3MFJ 5 GPH [0 Z 5 g /K {F F 11
IR FR i £ A Cys42. His57. GInl192. Cysl91.
Ser190. Gly216. Trp215. XKW E M5 GPH |8
FEAER S LSBT ER J R E .

22 EABREKBFI TR

LS = £ fi S B R S bk AT R DR 3K A S 56
TR FHBRAE B 2R T H SR S 2R (KIRRE, IR TE S R Al
S FR) o e it B R pHL (B 2% A, S0 45 R An B 3 ] 4 .

SGEE3IME 4R, DR EAREEA
K R JERHSE e 1t 2 B pHAE Y 9, R JE 9 50 C
BN L K AR B e, K AR BEIL F) 30.22%. 1E pH fH
8, ME N 55 CRIZRAE T, 25 I E A B I K A v
153 19.53%. 1M7E pH E N 7+ N 45 CHRIFAEE
R BRI KRS e, I8 E) 16.81%. FRAELL 5%
i, T R BCRAR I 58 A R B S A 2% 1 R /K AR S 1
TR, P ERIUK RS

r . EMEAWN

ol - HeEES
L~ {2
16+ ) %f’ e,

8+ s

4l D

0 1 L 1 L L 1 |
35 40 45 50 55 60 65 70

RE/C
3 EREIRET=MEOBRIKEE

Fig.3 Hydrolysis of three proteases at different temperatures

= B P 2R A
2r - JREAMN - s
28 | +EFT§§EE@ ) AT
§ 24 +
® 20t
%16 T
= i / i
nl i/ / ‘;\\;
gL 1
3 4 5 6 7 8 9 10 1 12
pH{E

E 4 AR pH ET=MEAERKEE
Fig.4 Hydrolysis of three proteases at different pHs
2.3 UHPLC-Q-TOF-MS/MSl & B #Z & 1 th
HATE
2 MR A5 2 RN T T B AR
el s fron. REZPAANRIRE RS 3 ME

HEgEEMA S, BT EESA R TR, S =R
HAMGHEA RIFMEEESCRE. Lo TRN-FSHT
N R > MR R > R G > B B R, R
BIE =Pl A b, M R BB R R K I
il R B, o RIS T35 4y 1 &I 31 548.23 Da /o
F, BETREEA =PRSS 7R, ks AR
5 PR B BRI R K 7 B R AR, il
707.77 Da &5 889.97 Da, HIKffs TR AIA B 5 =
REF3BF 8. ST HEERE, 3MER
IR KRR B 25 5 53 T X B VP o0 5 SR AR — 3

1800
1600 -
1400 -
1200 -
1000 -
800 |
600 |-
400 -
200 |
0

F#)5> 7/ Da

LEAM  PHEEAE  REAE kRS
HABEHRM

E 5 #AREARBREN T EEREREEEH AL FE
Fig.5 The average molecular weights of collagen powder derived

from tilapia after being hydrolyzed by different proteases respectively
60

50

401

&R %

30

20

10

0

TEAM  PHEEANE REAE RO
AR

6 FEERKREO MR RO IR =IEER &Lt
Fig.6 The proportion of the area of tripeptides after the collagen
powder derived from tilapia were hydrolyzed by different

proteases respectively

Bl 6 JE7r T ARG R = KA 5 e ol BT R
J& = BK 02y T B 298 300~500 Da, [l 1t 5% F 04 1 A2
VA — Ak 3 0 S T 0 TR 300 Da 2H 43 1) 06 T AR 4y
te. Bl ion, FAEfREMRIEEAKSE =MEAD
Pty g A i G B = P P 0 TR AR DA i 1 Bl > PR
i > e B BRI, ZRWHE. RHSKME
i 2 1 Il P S B = Eﬁﬂym,%ﬂ%?%m
F G5 v 2 R 39.79% 5 31.84%, BEMESURE R

241




MR @i

Modern Food Science and Technology

2026, Vol.42, No.6

4. IO, AEMAK LR B R, e B A K AR
Ja BB B R BT 8 00 T B R AR, KRR B AR
B2 S =k (4 73 B A v

2.4 Bz J]FE B R

KOICCH B (Km) & 5 FH 00 i (0 ) B 8l 1) %
B, CRRERNER (V) N KB E
MR EE, Km EHi/D, NS IRYSER )
Ko w7 Fiw, HULTIEAEE AR AR,
PR A RCK RE B (Km) N 426 mgmL', K
N (V) N 116 pg-(minmL) ™, & H B
Bk BB 3 (Km) o 25.79 mgemL ™", #5 A S B R
(Vo) A 1.24 pg-(min'mL) ', Ak 8 (4 Bl (0K IOF
# (Km) N 11.31 mgmL"', ARMER (V0 N
0.40 pg-(min'mL) "o 7 =FR ARG, B BN
K PCH O X T R TGS R R AR N, R DA
B ARt R AR N RO, BRI B A LR R S
Hh P R 1 i K A OR SR A

4.0 _ mEMEAE adEE A
3s | emEMm <

3.0 i s “

2,5/ R’:.O.944 4
2.0 -

L5 B R>=0.9719
0ot
05
0.0
-0.5

R>=0.936 8

-0.01 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07
1/[S]
7 =MEAM/KAETIES K E AR Lineweaver-Burk &
Fig.7 Lineweaver-Burk plots for the hydrolysis of Tilapia skin

protein by three types of proteases
25 2T HAFEM

251 ¥HikimE

B7 w2 (RMSD) s PEAS 85 1 5 Bk i %
T M 0 Rt bR, T JE AL B AR TR 46 450
{1 i % 72 P, RMSD R /)N, B2 b s o ] 8d BTz
1AH2 (BPEE AR 5 GPH E &1k & e LI 7]
15 ns JEiE 2 P47, I 0175 A MHEE, #
W] 1AH2-GPH E &Mk 22 R4 s INPC (R E
i) 5 GPH 24K RMSD {E7ERLE 8] 15 ns f5iA
FIP, FFRJETELE 0.15A ML EY, EHEER A,
TE S B St a6 5 S P B AR SR B 22 5 SMFD (4 J i 1)
5 GPH & &% RMSD A 7E LR (8] 4 ns /& 4714 )

242

T1if, RMSD s dE 0.1 A Efi. RPIFEL
v, ARECT IR AR S, WEEARSEEA
g E K sh s /N, £ W] 1AH2-GPH 5 3MFJ-GPH B
FEXFTF INPC-GPH % 45 & e Pk
252 ¥R AFH

BT RBE B (RMSF) 3R 1 A2 JE > G B iR ke it
XTSRS, RN T AR A
. ik 8a Fras, Xt 3 44kt 47 RMSF 43 1 %&
W], 1AH2-GPH 5 HJ~F35FE W29 74 0.1 nm, 15k
H 51~64.70~80.249~260 [X 35k [ 72 75 14 2 AE 0 25 A0 1k,
T IX S X I ] B kAR — SR R 1E ;s IR 8b AT LR
i, INPC-GPH (1135 52 212974 0.098 nm, K%
BB IEBAT KRB T 195-210 SHRIEPREER, &
FEAL TG p, S LR e s 1T ] 8c AT EA
E 1, 3MFJ-GPH P45 FE I 21298 0.076 nm ZiAq,
TR ZHX I RIE A B SUE, £ 50 ns B
RO E .
2.53 A4 AT

U — P> T R S AR EAE A, SRR
HoZtk - i E EMms afett. S8 (K 8e)
KW, 1F 50 ns R, 3 R ARES GPH 2 [A] 4R
A TER. Hd 1AH2 5 GPH 2 [H] M £ H
FaNEsE, s 7 ANES, £ 1AH2-GPH f2
SEME R UF; INPC 5 GPH 2 [8] 7 34 4 i 2~3 > S
3MFJ 5 GPH Z [H°F¥) A2 i 3~4 NS, —FhiE A
Y5 GPH # A7 fE & S AH AR, b 1AH2 55 GPH [H]
FENEEAERZ, AT INPC 5 3MFJ 1M & 17
TERCR M E A TAEH .

2.54 EEHXENH

47 (Rg) A& FRGUAE DI FE i) 5T & AR
SPREAR . T E R - BOARAESS A AR
K Stoett. B8Ry, BRI RES,
INPC 5 GPH & &% € 7E 2 nm £ 47 ; 1AH2 5 GPH
HEWRGELE 1.67 nm /244 ; 3MF] 5 GPH E &5 E
7E 1.64 nm /£ 47 . UL BATE 50 ns (AL, 1AH2-GPH
L5 3MFJ-GPH &5##H#: T INPC-GPH B HIFRE

2.6 itk

R 5 = e — Fh & SRR I/ K, B TR
JE = A Tl A 2R Ak B A2 R . B, i
5 Bl K B TR IR = K P I R R e i
SN LG B L SR ARE VR EA EEE




MRE SRR Modern Food Science and Technology 2026, Vol.42, No.6
a RMS fluctuation b os5r RMS fluctuation
0.6
0.4
0.5
g 04 s\é 03¢
= B
& 031 Z 02f
GLNI185 ASP139
5 0.2 H GLU144
0.1f
0.1 'ASP171
HIS143
0.0 1 1 SFRIS 1 1 0.0 1 1 AI—SIII)QZZZ?Z 1
0 50 100 150 200 250 0 100 200 300
Residue Residue
C RMS fluctuation d RMSD —I1AH2-GPH
—INPC-GPH
0.25F 0.25 —3MFJ-GPH
g 020} 0.20
=) g
~ =
= 0.15} -~ 0.15
n a
= n
2 010} SER195 E 0.10
0.05 0.05
PHEA41 GLY193
0.00 Il Il 1 1 000 1 1 Il 1 I
0 50 100 150 200 0 10 20 30 40 50
Residue Time / ns
e 10 Hydrogen Bonds —I1AH2-GPH f 22, Radius of gyration —1AH2-GPH
—INPC-GPH —INPC-GPH
8 —3MFJ-GPH 2.1F —3MFJ-GPH
2.0 W
£ :
g - 19t
3 o
Z [~
1.8+
1.7 Pt cmvenniorte gy
0 | 1.6 A"T" AI:" i ] ]
0 10 20 30 40 50 0 10 20 30 40 50
Time / ns Time / ns

850 ns Sy FEh A1 1AH2 (W EBEE ) . INPC (HhiEZEHEE) . 3MFJ (4RERE ) 5 GPH S 4 YRR Z TSR
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