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Purification and comparison of enzymatic properties of endogenous

transglutaminase between silver carp and black carp
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Abstract: Objective: This study aimed to investigate the

differences  in enzymatic properties of endogenous

transglutaminase (TGase) in silver carp and black carp. Methods:
STG and BTG were purified from the muscle of silver carp and
black

ammonium  sulfate

S-200 HR

respectively, by 80%
Q-Sepharose FF,

carp,
precipitation, and Sephacryl
chromatographies. Two enzymes were analyzed for relative
molecular weights, peptide sequences, secondary structures,
optimal reaction conditions, and thermal inactivation kinetics.
Results: The purified STG and BTG showed similar relative
activities

molecular weights, of which the

14.34 U/mg and 12. 67 U/mg,

enzyme were
respectively. Both enzymes
showed differences in peptide sequences. The secondary
structures of them were mainly the p-fold, though the content of
B-fold in STG was slightly higher than that of BTG. The optimal
temperatures for STG and BTG were both 50 C, and the optimal
pH values were 8.0 and 7.5, respectively. The enzymes required
Ca®?" up to 1 mmol/L for full activation. The activities of STG
and BTG were enhanced by DTT, whereas PMSF, NH, CI,
NEM, EDTA, Cu’", Ba’", Zn*", and Mg?" showed inhibitory
effects. When the temperature was 37~50 ‘C, the passivations of
STG and BTG by thermal treatment conformed to the first-order
exponential decay kinetics with similar values of E,. Conclusion:
The primary and secondary structures of STG and BTG exhibited

obvious differences, yet they still exhibited similar properties in

terms of optimal reaction conditions and thermal inactivation

kinetics.
Keywords: freshwater fish; transglutaminase; purification;
structure properties; optimal reaction conditions;
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inactivation kinetics
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Figure 1 Elution curves of STG and BTG
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Table 1 The purification results of STG and BTG
s BEA/mg SAEEE /U WS /(U « mg™ 1) %/ % 4l {4
] - STG BTG STG BTG STG BTG STG BTG STG BTG
ik 9127.33 7 143.83 2 486.49 1710.56 0.27 0.24 100.00 100.00 1.0 1.0
80 Y6 ik FR i £h AT 5123.53 5 764.41 1895.77 1 268.76 0.37 0.22 76.24 74.17 1.4 0.9
Q-Sepharose FF 66.04 39.19 668.86 388.38  10.13 9.91 26.90 22.70 37.5 41.3
Sephacryl $-200 HR 18.41 11.21 263.90 142.07  14.34 12.67 10.61 8.31 53.1 52.8

STG.BTG & W MRBF I AF fr — B R 22 57,
2.4 TF TGase W REW

B 4 T, STG fl BTG 43 HI £E 208,218 nm Al
211,220 nm AbF I H A 7 [ = @M1, X5 o- 1R E
AR RE R4S T AE 192,193 nm B UT Y BR B0 0F 04 0 5
B- YT B AW WIS A . 2% 3 TTHIL,STG.BTG Iy =%
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oW JE AN TC ML A5 Ml S5 AL L T B N L B, 4T R
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TGase ) 945 W DL o-32 058 R £, STG 1) - &
Hg T BTG By, 03 g M & & B AR T BTG 19,
VAP Flh TGase W —REWHAE—CEERF . XS H
KB F 9 25 %A .
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Hi P 5 AT, STG BTG RYIE AL R Wi BE 345 50 °C
TE 45~50 CIE B N IH BRI TGase 167, 24 15 B #8 o
50 CHE G2 T M. ZHBUKAESHY TGase W3 H X
7 E A 37~50 C LB & T 70 TR IR HEDY,
M Zhang 550 I\ B M B &F of 4 4k 15 3] — Fp & 05 4
TGase, Hof B IR E K E 4 °C; Yasueda 2515 )\ H 6 40
0T HE o 43 B 45 B Y B 8 TGase, Ho il B % W I8 ¥ K
55~60 C. % L, RFEIKAE S TGase i 3E B W I B
WA 25 5, W e S A SRR MR E A &, STG Hil BTG
BIfE 25,37 CHEaE 4 120 min {18 5 54> DI 8 24
90% .80 % % 1k 545 C 3R 120 min J& . 5% A% 1% Tk 19 &
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Table 2 Identification results of STG and BTG
JHIES BRE EHA X T B /kDa BKBeSL FIIE R/ Y%
STG  A0A7TVIQII3 e 2 T i T 0 I B 1 (22 TR B PR TRD 7.9 1 30.0
AOAID7U2Z7 e 4% S e il (I 307 FR D 22.5 1 18.3
QINZT1 e ASISIONE ) 15.9 2 16.4
AOALJSQFX6 e 7% S Wk e Wt (9 I HE K 72 3L H 4D 23.7 1 9.5
AOATSTLWIS e 4% G Ik fre ity 21 I 2 12 JOKC Tl O B i 14D 24.8 1 8.6
BTG  A0A7VIQII3 ol 2 T i Tl 5% % 1) 22 R B M 4 7R 7.9 1 30.0
AOAID7U2Z7 4% & Bk e 1l 1307 PR B 22.5 1 18.3
QINZT1 S R ASISIONE) 15.9 2 16.4
M3B512 KN 1 O R B A TR 21.0 1 11.1
AOA1SIN855 ol 2 R T P il L 28 B D 26.7 1 10.8
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Table 3 The secondary structure content of

STG and BTG %
2 o B & B S T h
STG 26.6 42.2 4.0 27.2
BTG 25.4 35.4 13.6 25.6

AVEPERI T BEAR E 20,74 % ,10.13% . 36 B 3o 5 114 Y B 4
T R T 1) 06 PE 45 4 L 8015 TGase ML RE 1 F I, #E 4,
MR 2 AF B BL32 TGase 76 50 CARIR 60 min J5 , L%
AU LT 43 45 8 80 %4 .90 Y 2 A7 102 L I I v T M R 4%
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Figure 4 The circular dichroism spectrum of STG
and BTG
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2.6 P TGase WIEE KA pH & pH REMH

i & 6 Al %1, STG Ml BTG B & B W pH 23 %1 K
8.0,7.5, ZFTE pH b ) 55 1k L I 38 HL A A e TR
5% Ao 0 TGase BYIE B B pH ML, i 65 41
H A TGase WY& H XMW pH 45~ 6.5~7.0,9.0~
9,500 187 3 b 22 S AT B 5 il G 8 O kb IR B 4
PR VEAR G B2 1 5 AR i /e pH 7.5~8.0 Ju N4
HeEAEE ., M pH R 7.5~8.0 B, Bi b TGase i &
120 min FARPRE 77 % L 100 58 406 24 T pH 9.0 T 9%
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Effects of temperature on the activity and the stability of STG and BTG
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2.7 EBBEFXEM TGase BRI M
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Figure 6 Effects of pH values on the activity and the stability of STG and BTG
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Figure 7 Effects of CaCl,on the activity of STG

and BTG
1 mmol /L. 58 6 % .5 TGase 38 H Ca* i
;Fﬁﬁm m'\’ﬁ!ﬁﬁgj*&ﬁkm‘ﬁ TGase W& B Ca®" ¥k B K

10 mmol/LF, Ca®" #¢ fE id &5, STG 1 BTG i tE 35 T
W 1M B f5 TGase & & BLA BLIDHIVE AT . 28 1, TGase
*f Ca?' E@Wﬁfﬁﬁlﬂﬁﬂé?}?ﬁﬁ%,ﬁﬁéiﬂﬁmmt{iﬂ%%
TR0 TGase FAEW] W 25 5. W0 Ah, BB 2 0 45 1 &5 3
M Ca®" X} TGase A8 7% %, EDTA T?T_ s 58 4 3
TGase JIr 75 1Y Ca®" ¥ BE A4 38 n 5 1 20 i NaCl 72 7E 0, 58
SEIIE TGase B9 Ca® ¥ B WH 8 FEARS .

ME 4T, SRE T Cu® Ba® . Zn®" \Mg®" % i
il TGase ¥ ¥ 45 5 ¥ B 480 M ) 300 10 7 1T BLAH I8 4% 1
T X STG F BTG By 30 il 55 AR L 1T AS 7] 42 J 5+ X% [+]

x4 &BBEFX STG/BTG Gt m'

Table 4 Effects of metal ions on the activity of STG

and BTG
CEET R/ A X B / 6

(mmol « L™1) STG BTG
Cu?’ 1 39.90+0.46% 38.84+1.28"
5 14.884+1.11¢ 8.08+1.25
10 1.6040.59¢¢ 1.00£0.40%¢
Ba?" 1 66.58+3.915 53.76+0.61¢
5 14.914+0.67¢ 11.58+0.64
10 1.0940.57¢ 2.80£0.46%
Zn®" 1 85.08+2.324¢ 65.60+£2.085
5 50.82+1.60" 45.4240.06"
10 24.30+1.008¢ 33.54£0.448¢
Mg?™+ 1 87.02+1.314¢ 80.82+2.48M
5 70.35+1.024b 69.58+1.914b
10 66.22+0.584¢ 67.21£0.6440

B 2648 | 2023F 10 A | AR5V

— TGase MG HEM IR FZHHEHE2Z 5. 1 mmol/L
B Cu®" Ml Ba®" X P M TGase 4 3 B @ 2 30 41 /F H
(P<C0.05) , ¥ B3 /i1 2= 10 mmol/L i, B 3 3 F 5¢ &
245510 mmol/L ) Zn** W[ [ B Fp TGase 15 P25 70V
A AR MR Mg® X TGase ARMMEIER. X5
Hifl K 2 sh ¥ S I TGase B9 PEFRARM . 4R E
& BB F 0T I B0 L B A0 AN A 2R A TGase BIGPED T
KA &BE T SHIEFEMAMNER S MG ER.05
JEE 4 W 4 A B EEE) AT 3R B X TGase AN [ 1 410 1
2.8 UEYXFHM TGase FEMNZ M
A1 5 T, [R] Rl Ak A 4 % 5 A IR K 8 TGase 16 #
B4 5% T AR AL, T AS [ R 28 09 K A 0 X TGase ¥ 4 1 52 i
FETE B 2% 5 (P <<0.05), PMSF,NH, CI, NEM i
ETDA 4 Fiib- &%t STG F BTG B4 35 P 45 3 BE 1 v i
HEHE MBI VE T . 1 mmol/L (9 PMSF ®]fff STG.BTG
WS 50% ¥R 1% 10 mmol/L B} TGase 1 ¥ T T 58
&g, WM TGase [ FE 32 #] PMSF Ayl iii 20
T TGase I & HULAE Y 7T R IR K L TGase 1)
WL 5 A A 4L E MR A% SL L PMSF 5 2 45 & F 5 305 1
[F&4% 510 mmol/L iy NH,Cl ¥ TGase &3 H # i n@?m%ﬂ
PERT S 2 B F NH 2 Bk 38 5% 88 I 0 (9 7= ) 2 — i i A

L IX B

x5 AW STG/BTG &M &L’

Table 5 Effect of compounds on the activity of STG

and BTG
s WRE/ AT W1/ %6
(mmol « L™1) STG BTG
PMSF 1.00 44.40+1.80% 46.2242,29%
5.00 15.7540.63% 11.4540.76%
10.00 7.704+0.50F¢ 4.00+0.10F¢
NH,Cl 1.00 72.04+0.81"= 65.07+2,20%
5.00 67.15+4.36% 57.13+0.51¢P
10.00 18.95+1.71P¢ 10.6840.31"¢
NEM 1.00 77.5441.99% 55.39+1.00"
5.00 58.70+1.38P° 46.35+0.26"
10.00 32.754+1.39¢¢ 34.90+1.86%
EDTA 1.00 95.28+1.075 93.3044.11"
5.00 93.0841.038 88.43+0.61"
10.00 82.8242.498 83.99+0.9780
DTT 1.00 123.51+4.877  128.30+3.874¢
5.00 181.41+2.28"  186.96+3.50M
10.00 141.9243.347  140.304E1.00AP

T R G )R BT /NG PR R R AN R e 2 ) A 7 B 35
2251 (P<C0.05) ; [f] — ¥R B R KB F B A [F 2 on A 7] 42 i 25
T Z AT s 3 k22 5 (P <C0.05)

T RGP /NG R R [ 2R R [l B 22 18] A 7 S 35 1k 22
F(P<<0.05); A —WE T ARE FHARERAFLEYZ
8] A7 A B 3 1k 22 7 (P <C0.05) .,
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TRV i & 9 NHT 0] LU TGase (9 4 A6V F DT %
TG IG s NEM J& —F 85 3 be b 57, 24 Hvk B2 24 10 mmol/L
BF, P Al TGase MG PEI 2 60 % LA b, #F — 2L 50 3E T 6
o F 0 TGase MG AL AR SEREA; &BE TE A
) EDTA X TGase & 80 H 33055 B9 30 %1 /5 - 10 mmol/L
EDTA & E F . P F TGase G AR E 80% 224 .5
EDTA %4 Ca’' J5 338 TGase Wi tE R EW B W EH
F;DTT 7E 0~ 10 mmol/L @ B Py ¥ w] S 3% 19 58 45 Fh
TGase M & M, MR B A 5 mmol/L B 34 58 25 5% i 3%,
5Eih TGase MM FAHIMS X & i+ DTT 1 — ik
S S F6 B 1 T 7 05 A 3 9 A P A
2.9 PAFH TGase IR FEBI NHZE

STG Hl BTG 7 25 C F i #: A w28 4k, ot 37~
50 °C 3t [ N Y R 0 8 1 b T IR Y . R — SR B
T Eh 1% R UA TGase B 3R 5 B it i) 14 28 4k il
2 A FIRCR TR B 12 S BN 6 FTR LA TR R2 Y
=0.9, LA R Bl A ORGP, BEE R E M BT B R
TGase MR WH B £ B0, 2 W0 ¢ 40 06, 3 WR T+
15 > TGase MY 006 3 B MR, 7E 37,45 CF,STG # BTG
B £ {E1<C0.01 min ', 7 50 CHf 2 [EH B K, —# K
LSRR, 9 36.9,33.0 min, 5 WK B TGase
P T A A AH 328 K F R AR 2F AT B4 BL32 TGase, J5 & £
50 CF ¢y, AT 12 W77, STG Ml BTG ) E &4
9 2.12,2.26 kJ/mol, I R AR ZEALFTF 1A BL32 TGase B E,
fH >} 350.5 kJ/mol™, Ui W] STG 1 BTG X} i i Y f K
PEAAL B 5 HAB R PR TGase ZRW R, E LAY
TGase (1 1 B4 50 AH 5C , BF 85 2% 1 K W 3% D s 7 2k b %
HA | E R0, Queiros S5 TF 58 & MU A ¥ TGase 18
HIEH pH 6~7 S N, E {8 BfE 1 09 38 i B A
pH<(6 B, E {8 I R B 7 728 e B0 A fp 22 5%

&6 STG/BITGHKREHMNFESH

Table 6 Inactivation parameters of STG and BTG
SH U/ /2 E.
- TR R? k/ ti2/ o/
C min ! min (k] ¢ mol™ 1)
STG 37 0.947 55 0.001 95 355.5

45 0.946 14 0.009 52 72.8 2.12

50 0.945 52 0.018 77 36.9

BTG 37 0.977 78  0.001 78 389.4

45 0.990 96  0.006 75 102.7 2.26

50 0.967 16  0.021 01 33.0

3 &

K1 80 Y0 iR £ £ A7 . Q-Sepharose FF ] # 3¢ #t
Fl Sephacryl S-200 HR #1813 38 J2 B v] A 6 £ F1 75 1 1)
V5P 5 4% 2 It e Tl (T Gase) HH il W v 43 01l 45 21 i, Ik 46 1Y

5 mHEHENSANRURSSBEBANLRBEERILE

fif £t TGase M i TGase, H: Fb g 5 A1 A 55 K 4 51 4
14.34 U/mg.10.61% 1 12.67 U/mg.8.31% , 1 %t 7 7 &
A5 96,94 kDa, — 3% (W K BT FI AT -7 & & it 22 5
B &, fif s TGase fIH 4 TGase AY3E B M IR & pH
S92 50 °C .pH 8.0 Fl 50 °C .pH 7.5, & T Ca’ W EHY
J9 1 mmol/L,3 mmol/L Y = & 75 Wl i ] iz K72 ¥ 32 T+
Wifh TGase 0935 ¥, 1M 1 mmol/L ) PMSF,Cu®" | Ba*’
Al 10 mmol/L ) NH, Cl, N-Z % 5 % Bt W % Zn*" |
Mg*" (e U 2, % 45 ffi BT Fp TGase (995 M FEAK. 76
37~50 CYLH 40 TGase M TGase BIPKIEFT N
WIRF & — RA B W3 1 = 5 R IR TR TGase 1Y 2R
T AR 4 T E AR AL AE EL BT, 2 3
H2.12,2.26 kJ/mol. & I, B f0 13 fa B Fp & 4 IR K 4
TGase 1 — 45 ¥ K — G 2540 22 5 B B, {F 38 H R 4%
PR B AT Bl ) 2 R AEAE AL, eh AT HE I % 0 R £
1 JBE B I FE MR AETE 22 500 B R IR R 2 TGase 2%
PERT T RES TGase B9 1 BIILIR 8 1 A S50 A K,
S 2 Al bR G B iR K B TGase 38 % S WUER B H 32 8.
PR 1Y 25 S AT IR AT
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