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Preparation of y-polyglutamic acid and its tyrosinase inhibition activity
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Abstract ; y-Polyglutamic acid (y-PGA) is an anionic natural polymer, which is widely used in many fields. In order to ex-
plore the possibility of using y-PGA with different molecular weight as a potential cosmetic whitening agent, y-PGA was pre-
pared by microbial fermentation with Bacillus subtilis as producing strain, and five groups of y-PGA with different molecular
weight were prepared by chemical degradation. Taking the inhibition rate of intracellular and extracellular tyrosinase activity
as an index, the tyrosinase inhibitory activity of five groups of y-PGA with different molecular weight was studied. The results
showed that y-PGA with molecular weight of 21, 117, 282, 432 and 501 kDa was obtained at 90 °C and pH 3. 0. The deter-
mination of enzyme kinetic function by enzyme labeling instrument showed that all the five groups of molecular weight y-PGA
could inhibit tyrosinase activity, and the inhibition rate of extracellular tyrosinase activity increased with the increase of mo-
lecular weight, which preliminarily verified the tyrosinase inhibition activity of y-PGA with different molecular weight.
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LR R TR R B 2 AT I (B subrilis) (AKX
ZEHUFTEE (B. licheniformis) (B KZEIAFT H ( B. mega-
terium ) DL N 5IH ZEAUAT B ( B. anthracis ) 55 1) & T B
FIEPEAFE T y-PGA™ y-PGA (IR 45
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y-PGA JLit 2 6 TRy AR 5, Ho o) 7 12
1£ 100 ~ 10 000 kDa 2 [a], #H24 F 50 ~ 50 000 ™A
LR AR AR"  y-PCA K H AT A= W75 1% £ 4%
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ARGyFRZMEEZREAEEE L, JHil,
AW e i 2 o FH Y y-PGA K7 vk, R %
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EEMIZE . A IF5E R IR A 2 R B TR AR AE A
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A A BRA F]) s BIE#r (BR, iS5 20190706, 7
S A E ARG R A F]) MR (L 9% , it
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) s K CBE(AR L 20210518, [EI 2544

Vi-CELL XR #4 4 g 3+ 204 ( 3¢ [ Beckman
Coulter 2] ) 5 68 7 K 4H MR BRML (T2 3 B 2 A= Bk
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C,200 r/min WIEFRAAE T fHIRIRG 557 18 h, ik
FXPBE I BIR PR IR . DL 5% W Rl Bk
P 715 SRRl 28 A R B R 5 L 4 b, A TRD
BT L IR AR % 15 57 24 h, 15 5] y-PGA
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P75 pH 24 5.0, L4 30 o/L I AGPE AR IR 2J, 50
CARBARIR 2 h,7E 1 000 t/min 20 min 5T &
DFEBRIEER , 22 500 H LR+ 200 HE TR AWM
Fra%, P22 0. 45 wm BB UE S , A TE/K & BT
VE 4 CHrE IR, K LW, Ik ORI Z K 2
W, AR DIVE ,60 CHET = fH 135 y-PGA
4l

1.2.3.2  PEHEAE

%% Kambourova 25 1y 75 1k, % I 2 (533
5 3B AT R 8 A K IS I AR A T P
FEHAFREL 0.5 g THEMY y-PGA 4l it AL 38R %
ARG A 10 mL 6 mol/L ) HCI, 4z 3% {# H. 7543
1RA), %8, 110 CoKfif 24 h, fFF AR AEH pH 2
6.8, A F 100 mL, FL il AL 5 mg/mL [ FE 5K
Wo A0, 5 g T A S R AR HE i Fl y-
PGA 4li iy, I2liA/K 7873 i, 8 75 2 100 mL, B il
B 5 mg/mL ()4 SRR AR HE S VA TR RIRE S VAT

AR R RMER R R 5. BIEFEE
U R 1E T 1 80% HR: 7K =15:3:2(V/V/V),
TEHZ IZHTRE AR AR b AR 55 I 2 s AR A VA VAR
A G R AR EVE TSR St K AR, ¥ KR+, i B R
=W, JEJZ 50 ~60 min, L 0. 1% i = Fil- 74 Bl A
A A2 70 27 ST G J2 BT A, A XU X L B R TR B
Ijj o
1.2.4 y-PGA =0z

KT E R E ™ i, 55 50 y-PGA KRB
A 4 AR K G BESE 4 CffrE ol v e il
TEHILHE 60 CHET EEEA R, A i,

1.2.5 y-PGA 5 Em &

P Na, SO, YEA s, DL & & T 99% 11 y-
PGA YRR FRE S X AR IR & i y-PCA FRifER 4
WA EATAS I o AEAGI AT A 30 °C R it
210 nm, Fi#E K 0.5 mL/min, FEHE&E 20 wL [IORERTS
ZAFF SR S SOHORE (a5 0, T SR e AR, I
HRPEFRAE RN 26 1T 545 BRE S W P y-PGA YR B
(), LABTR BRIy y-PCA F AR A (1) 3t
B

v-PGA 4%

Ao, e RS E Hh 263 A8 2 A RE IR WP
y-PGA WyHe B, ¢/ 15100 : y-PGA # 5t 35 fiff (1 (R AR,
mL;m  KEFHFREUT) y-PCA FE 5L Y BT, g0

3
:c><100><10 % 100% (1)

1.2.6 y-PGA Kfig

y-PGA ()45 k) 5y 32 i BE A1 pH B 19 52 il
I, >R HH e Tk R % 1) 7 Ui y-PGA . TiC T 4% 1Y
y-PGA JKIFWIA Y pH A 3. 0,4 H 5 T 90 CHY
IR T R AT IR VR S5 1 T 0 v TR R A, 23 i) o fi
15 .30 .45 .60 .75 .90 . 105 Fi1 120 min , [ i 25 0 J5 1
KRR R A R =R, I pH 2 (6.8 ~
7.2) 04 f5Je/K ZEE, DL 500 r/min [ 5 3 2 i FE
IINNEE, DIVERE 2 ~4 h, 5% L5 G Hm 2 {5 790K &
BEHEAT K, SR AR TTTE , T 60 CHET- 2 fa LU
bR CBEER R WAR DTTERE i
1.2.7 y-PGA »F & &

L1 0.3 mol/L Na,SO, {E Ui Al , il i %% 43 A
T it AR USRS #0098 50 A1 b v it S R {8 4
TERIN AL I Ry 30 °C, i 0.5 mL/min, i FF &
100 pL B9 5544 R it K y-PGA FE S FE R 22310k
For i T B st R], A1 ] GPC 2 y-PGA A4 1)
S
1.2.8 RE%T % y-PGA e 584 5 BR B 75 P 37 45
Fm) &

AR PR 25 25002 53 A 1 100 2 s ) A A 2 o 1
REMFBRREZ —, P BEZME 8. W 5
FE UL K 3 XF T K R AR 28 ¥ 36 0 Ry 22 1) 5%
Mg R TR SR R 1 B A R A S
ity P52 I ( tyrosinase, TYR ) J&—Ff i 14 o 0011
3 N E R (His) 5B M 2 4> Cu &1 2 T he
fitg, AR T 5 A A . BT LU
TR E R IE 2 B, ] gk sk ffb 2 g i B
Pt 22 ELRR = — P i 16 M 09 B 0T, B AT LLR S R
SR R A ROVIE B o T E A B A R
ZIL R ER, 7 TYR S 5k ot B, 3L
PEAR SN A3 AR 3T 1% 2 T Tt P T R — T8 G 0%
P
12,81 Jif 47 i e, il 13 2 00 o 236 1 T

S Wang' " (9771 ¥ 5 ARFSS TR y-
PGA FH0.05 mol/L PBS Z& i it i 10 mg/mL kL
AOVAR , B A PR AT IR A 5 min J5 ISR 1 KK
BN o o A A P S LA, S AL
Ay MFESYT S A, FEG L. 28 C KR fEIE 10
min f5 , FFH B AR A 5 HAE 475 nm Zb (4 0% % FE
{8, B 24 R B A 0 1 34 FRA S (2) AT EL

. A4'A3
Al R = [1-A2_Al] x 100% (2)
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Table 1

Determination of tyrosinase activity inhibition rate

2 A, Composition (L)

i Reagent
Ay A, A, A,
L-F4 5/ L-Tyrosine(1.5 mg/mL) 0 20 0 20
PBS 22 #hii PBS buffer(0. 05 mol/L,pH 6.8) 160 140 120 100
FEAVAWR Sample solution (10 mg/mL) 0 0 40 40
Fis ERR B VL tyrosinase solution (0.2 mg/mL) 40 40 40 40
411 Total 200 200 200 200

1.2.8.2 A% 2= PR O 1 Tl 40 o 5 00 s

£ Chen %5 (197 iR RS ik s 00 2 I S
Fig B g 40 ) R o 41 0. 05 mol/L PBS Z& i S
AR Gr F Y y-PCA B 10 mg/mL AYFE b %
0, 2R 200 WL A S SE AR AR 1% 24 T e 4R IR
5 min J5 35 BEERE 2 MU A IR I 19 I 175 9 LA
AN E LR G, B AR TR 28 °C, T A I 2 il 1 T
JESEZAE 475 nm Kb S WO B B 2R E A
AR o (Ay-Ay) D9 BRI fin R W 016 B i 46, (A,-
Ay) AT TIVEE i B IO BE w2 o S B T 4R 4 S By
Behy HLAR SRRl AP DA AR IR I i S 4 1y T
il R A (3) I

R EDBIAE = (1-0) x100% (3)
A

ey AR IRE i AR B A] min ¢ 2 RSN
FE IR i ], min
1.2.8.3  JaoMi% SRR — B 0 i 20 2

%% Ochiai %1 (707 ¥ IE RSk 3. 0. 05
mol/L PBS Z& Ml 5 AR 01 &1 y-PGA BLAY,
10 mg/mL FFESIEHE B2 2 v iy B ) S i 4
L S 8 48 A Ty T 1 2 IO DS ) A e 2 1, A
Yo FNSAFPRFEASAS | 0 5 i 2 it — B T 1) %
Tt b ASC e R 28 °C i A i S R i W 1 2 HE 475
nm A FESEIN T WOG A E B R A D
475 nm bW FE A AR A 3 B R R, i (R
Ty BT o R i B A R (4) 11

Vv
ah BB =By EE ) F = (1) x100%  (4)
B

o, Vo BRI & A S TR 5 Vg AR TR IR
st ) S IV R
1.2.9 RE4F % y-PGA o M B4 R B8 Bl 7 M 37 )
F 4y 2

B16-F10 21 Jifd 2 /)~ BRUSE 5 R S 40 i, &2 b B2 2

JRURE IR A R o DRH A N A B 0 28 440 i ) &5 4 A
A= BETE SIARRL, A PR B R A o B 5 5%, IR
Bl 95 P16 0 00 A DT A AR A
1.2.9.1 B16-F10 45

S Wu'T BT I RVE R Eh . SR MTT
XA 3T i y-PGA A4 B3 P 2E 47 00 2, LAAS )
Je SR A ML S 50 1) 22 A vk BV TR . ORI K Y
B16 41f, LA 1 x 10* 4~/FL A% B B fh T 96 FLAR,
AL 100 pL, & F 37 C 5% CO, WIEFHM i E
Kig% 24 h, M8 e BE . B L IHEEFRIE, Jin PBS
THVEWI , INA &4 0. 1% DMSO Ki = LA e AR
I % 5 (O RE A, 25 1 2E R PR o B 2y 5 4 0
FIHER AR, & F 37 CREFRFE kel #2 24 h, B
FIHE ST, 0 FL A LLRE 35 3L 76 B 1) 5
mg/mL ] MTT 759 10 L F190 L (5755 55 5L , 4k
SR7E 37 CHEFEMPIEE 2 h, 57 R IAE RS, 745
FLHINA 150 pL 1 DMSO %5, 72 % 10 min, fifi %%
o TR S8 i . R AR AXAE 490 nm i K
AN E 96 FLAR T EEFLAN AR A WO AR, g 25 114
YPAFTE R K 100% , AHHAF 16 45 A X (5) T8

iR = ggi % 100% (5)

1.2.9.2 4] B16 2 i PR 1 22 198 T 2 S5 6

T I RE S X BL6 4P TYR I 1 14 410 41
BT, R FH 1% 2 R TP B 22 150 TR 174 38 23R XoF 440 i PN 1)
TYR {& PEFEAT RN o BOW 504 K 8189 B16 41
Ji, LA 1 x 10* 4/ FLE 2 B 280 T 96 FLAR , 4FL 100
pL, BF 37 C 5% CO, WEFRAE T HE G FE 24 h,
A 58 A BE B2 25 IHES R 5, Jn PBS vk,
N H 5 35 JH R 00 AN [l B A S R, D i TR Sy
BEPEXT B, 25 2 3G 7R S840, 37 °C 15 3840 vh g
H 24 h, [[&FLAIIA 10 pL 9 1 mg/mL Y L-fi
RN 90 WL 75 1% {RFRS3 50 TritonX-100 7
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Wio BBAHERET min( )R 20% #8753 s, [AFE 10 s,
F 30 K)o 37 C/AKIE 1 h g, R BRI E %
FLTE 475 nm bW OGEE R, 40 ML A A9 TYR T R0
il A5 (6) T

sl TYR A4 R = % X 100% (6)

4]
1.3 HiEabE
fi 1] SPSS 27. 0 HA R Bt A 5 R 3R A 25k
oM C(ANOVA) , P <0.05 R Zr BA G 4E
XO

2 HR5HMH
2.1 F=HRIE

y-PCA J& TR R EHEMR (Y — Ffr, e oy B —
R, BN SRR R A e PRIM R 2 G 3 1 0 7™
YA 3RAE sl B AT R IT Ik, N ZE A R UK Rk
y-PGA B A AT RS EF A y-PGA B 7K
F, S A RN AL 1 TS, KA I y-PGA A i i
TR 5 TO =T BE AL, K B AE R K AR IS A &
FRARMER AR R — P A B R A — A E B,
VLM y-PCA JKfif i RS A 4 AR — Pha 2E TR, 587
YT y-PCA SR AR G T

Bl BERERER
Fig. 1 Result of thin layer chromatography

2.2 y-PGA =EIE

KT E B AT EIE , BUR BRI — &
RSB TR Ol BT 4 CRpE IR, g d )
K2 W5, UEITIE 60 C Mt T B AEH PR, 715
Jr
2.3 y-PCA @iENE

K I BORAR TS E y-PCA AR LAY & i,
BRI y-PCA B B M AR b, 068 1 A
R AL bR AER L A& 2 s, a2 y-PGA #
AN 3 iR o P TR A A4S y-PGA

FER SN 97.69% .

30000 A
y=2.38467x10"x-321581.47619
2
S 25000 R?=0.99898
L7
E
£ 20000
$
< 15000
-4
&
& 10000
=
&
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0 . T . . T T
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7 Concentration (mg/mL)

B2 y-PCA SEIREHL

Fig.2  y-PGA content standard curve

15500
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Fig. 3 Ultraviolet detection chromatogram of y-PGA sample

2.4 yPGA BRBFMARENE
SRH HPLC W% 5 41 I P13 47 T 4
R BLRITUER b WS S LR e 2
i i
K2 BREFUESENE

Table 2 Determination of degradation product content

e T ) SR

Serial number Peak area( wV * sec) Content( % )

1 22 497 186 95.69
2 22 549 173 95.91
3 22 691 118 96.50
4 22 867 760 97.24
5 22 976 642 97.69

2.5 y-PGA BBEMAFRIE

ST GPC ok , B FH 8 I 6 38R, L 25 [ HE L
O, 45 TR SET T, % 5 SRR YT T
WIS TR . WG S MR 4 TR 3
No
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Table 3 Molecular weight distribution of degradation products

5 AR s
No. Retention volume( mL) Molecular weight(kDa)
1 10.57 21
2 9.49 117
3 9.19 282
4 8.86 432
5 8.43 501

2.6 AEHFE y-PCA BB R EL BT MM HI R
HIME
2.6.1  PRLSNEE FUBR B P A0 R B A ) 2

HTTET 4 FT, y-PGA X 0k i 2 19 T 114 400 1 %
SR 73 E B I 8 A, 4 A 3R B I 1] g
i, SEBLSET e Ja T AR 2P 2R A £E 10 min
ISR B, 237 AR g, y-PGA o 8 20k ik
R T B 400 ) 53 5 38 #) 15, 61% (41, 08% |
63.05% \79. 57% #1190.97% .

100
—a—21 kDa

—e—117kDa
804 —A—282kDa
—v—432kDa
——501 kDa

60
40

20

04

T 20 T R PR A o) 6
Inhibition rate of mushroom tyrosinase (%)

0 20 40 60 8 100 120 140 160 180 200
I 8] Time (min)
B4 FRESHFE y-PCA MEERIBEEHIHIHIZR
Fig. 4 Inhibitory effect of y-PGA with different

molecular weight on mushroom tyrosinase

—— TAMNE

AODyz50m

2.6.2  JRINEE R R BBy B A ) A ah ) 2

VI L-B& 2 B8R S, e 5 A4 F# Y y-PGA
R vt 410 ) T 2 P T ) T o R T R A L
FRFAE SO, DA B2 s g 38 43 410 55 1 1 A B
71 IR Vi B[] 38 i B () A, R gt 410 ) BP9 il )
TE BRI SA Al BEAE y-PGA 43 &t 1Y 1
Jn B P il 0 O R s HL 85 TS e, RoR S
HrF i y-PCA X AT — & M4 il 25 R HL R Wi
AN FOR AR A B AN 5B TR, 5 ZERE S 43R s
() Fiti 73— 1 (3G R TTEE A0, 267 y-PGA i Ji% 2R
A 7y Rl ) 5 P B - S T K
2.6.3  JRLINEE R ER = By By k) F e T

PIZEeZ R Y, I E 5 407 F 519 y-PGA
Rt A1 ) T T T P T T o T ) 0 ) AR
T AR SN R HE AT RAE, DL Sk S #R 43 1
BRI N | [N RS | R S I
P M . Fh B 6A R Bifi%E y-PGA 7 F i
(RS0 — By TS O 2 e s HL 85 T mh 4k, &
NS W F R y-PGA ¥ HRA — & iy HCR B
FN R Z WA . anEl 6B FraR 5 Z A i i S
AR 3R KM, 7 y-PGA 1] 1%
SRR T it P T P B S AR B T K
2.7 AEHDFE y-PCA AN B R EREEE MG =
H i ZE
2.7.1 BI16-FI10 Zmpe &1 55

R 1IN A M R A W] 53 B y-PGA Y
JOR 26 FURCR (o FLTT DAAE R 36 16 PR i ot R
DURRAE [l R, B O Ll 22 P R I i 1 i 4k
R, ASBIF 5 2Rk H MTT 356048 [F] 435 y-PGA YEH
T B16 ZHMERY L AR BE AT T S50, N R4S R Y
HATBE S, DAMBRAE A PV XS R AR S g i

ke e THXME
: Control
0.35 - A 21kDa
= 117 kDa
025
x 282kDa
0.2
0.15 = 432kDa
0.14 501 kDa
0.05 -
0 I
0 20 40

/8 Time (min)

5 ARESTFE y-PCA WS ER REERR I HI LR

A 4
L Control
0.8 —— 21 kDa
0.7+
061 117kDa
£ 05 —e—282kDa
a
O 044
= n 1
034 ——— 432 kDa
02+ 501 kDa
0:0
0+ T 1
0 100 200
B8] Time (min)
Fig. 5

Inhibitory effect of y-PGA with different molecular weight on tyrosine monophenolase
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