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Analysis of metabolites from Salinicoccus ventosaetal B2-3-5 and
their inhibitory mechanism of tyrosinase activity

XU Tong"  YAO Xuedan® WANG Yumiao WANG Jun FU Jianhong"
SHA Liuyuan
Xinjiang Key Laboratory of Special Species Conservation and Regulatory Biology, Key Laboratory of Special

Environment Biodiversity Application and Regulation in Xinjiang, College of Life Sciences, Xinjiang Normal University,
Urumgqi, Xinjiang 830054, China

SUN Haoran

Abstract: [Background] Tyrosinase is the key enzyme of melanin biosynthesis, which easily causes the
pigment disorders and enzymatic browning of fruits and vegetables. At present, the development on
tyrosinase inhibitor has obtained more and more attention. However some tyrosinase inhibitors have
certain potential safety hazards, such as arbutin and kojic acid. Microorgansims are rich in resources and
have many advantages. It has become a spot to search for tyrosinase inhibitors with strong specificity and
high efficiency from microorganisms. [Objective] We investigated the effects of metabolite extracts of
Salinicoccus ventosaetal strains B2-3-5 and B6-1-4 isolated from dabancheng Salt Lake of Urumgqi in
Xinjiang on tyrosinase activity. And also compared metabolic differences between the two strains during
the fermentation. The aim of this study was to understand the inhibitory mechanism of tyrosinase activity
of the strain B2-3-5. [Methods] Taken kojic acid as positive control, we determined the inhibitory effects
of metabolite extracts produced by the two strains B2-3-5 and B6-1-4 on mushroom tyrosinase,
respectively. We detected all the metabolites of the two strains under the same fermentation conditions by
liquid chromatograph-mass spectrometer. We identified metabolic differences with univariate and
multivariate analysis, Orthogonal Partial Least Squares-Discrimination Analysis (OPLS-DA) method. We
carried out cluster analysis on the identified differential metabolites by Hierarchial Cluster Analysis
(HCA) method and searched the differential metabolic pathways through the databases kyoto
encyclopedia of genes and genomes (KEGG). [Results] These findings indicated that the inhibitory
effects of metabolite extracts of the strain B2-3-5 on the diphenolase activity of mushroom tyrosinase was
67% and its ICs5y was estimated as 0.277 mg/mL, while the metabolite extracts of the strain B6-1-4 among
the same genus had no inhibitory activity. We obtained 63 differential metabolites from the two strains by
metabolomics methods. The types and relative contents of amino acids, vitamins and carboxylic acids were
significantly higher in B2-3-5 than those in B6-1-4. The results of metabolic pathway analysis showed that
these differential metabolites were mainly participated in 15 metabolic pathways, among which vitamin B6
biosynthesis pathway had the highest correlation with differential metabolites and fermentation process.
[Conclusion] We speculated that the strain B2-3-5 might increase the contents of some small molecular
compounds such as amino acids, vitamins and carboxylic acids, etc. to inhibit the tyrosinase activity. The
upregulation of vitamin B6 biosynthesis pathway also suggested that the strain had the inhibitory activity
of tyrosinase through producing vitamin B6 to interact with the essential amino group in tyrosinase or
scavenging the reactive oxygen species (ROS) during the enzymatic catalytic process.

Keywords: Salinicoccus, metabolites, tyrosinase inhibitor, vitamin B6
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Figure 1 Effect of metabolite extracts of the strain B2-3-5
on the diphenolase activity of mushroom tyrosinase
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Figure 2 Total ion chromatogram of experimental samples
under the condition of UPLC-QTOF-MS
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Figure 3 Score scatter plot of the models for group B2-3-5 vs B6-1-4

¥: A: PCA B HLEIE; B: OPLS-DA HBEIRITE A HS &

Note: A: Score scatter plot of PCA model; B: Score scatter plot of OPLS-DA model
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Intercepts: R*Y (cum)=(0, 0.68), @* (cum)=(0, —1.03)
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Figure 4 Permutation test of OPLS-DA model for group
B2-3-5 vs B6-1-4
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Table 1 Part of different metabolites of strains B2-3-5 and B6-1-4

s ZESAY a2 VIP value P value eSSl

Number Different metabolites Chemical formula Category

1 DL-homocysteine C4HoNO,S 1.286 254 176 1.387 25E-06 Amino acids

2 Gamma-glutamylcysteine  CgH4N>OsS 1.139 509 251 0.027 923 051 Amino acids

3 L-homocysteic acid C4HoNOsS 1.240 859 750 1.755 46E-06 Amino acids

4 Formylanthranilic acid CsH7NO;3 1.023 991 626 0.002 039 927 Carboxylic acids

5 Benzoic acid C7H¢O, 1.118 927 702 0.011 893 934 Carboxylic acids

6 Salicylic acid C,HgO5 1.208 064 003 0.003 581 473 Carboxylic acids

7 4-methoxycinnamic acid C10H1003 1.297 538 809 1.577 81E-07 Carboxylic acids

8 Trans-cinnamate CoHgO» 1.053 954 135 0.007 065 881 Carboxylic acids

9 Citraconic acid CsHgO4 1.238 093 971 8.367 72E-07 Carboxylic acids

10 3-aminobenzoic acid H,NCsH4CO-H 1.112 274 438 2.832 08E-05 Carboxylic acids

11 Phe-Phe CsH/N 1.214 213 177 7.503 55E-06 Carboxylic acids

12 Trans-2-hydroxycinnamic ~ CoHzO3 1.310 055 220 0.000 309 778 Carboxylic acids
acid

13 Pyridoxal (Vitamin B6) C3HoNO; 1.292 819 267 0.000 135 305 Vitamins

14 Pyridoxamine (PM) CgH2N,0O, 1.312 418 126 8.094 09E-05 Vitamins

15 Pyridoxine CgH1NO3 1.292 891 844 4.008 76E-09 Vitamins

16 Thiamine CioHi7N4OS 1.252 052 473 0.006 695 427 Vitamins
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Figure 5 Heatmap of hierarchical clustering analysis for group B2-3-5 vs B6-1-4
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A 7R, AUHE DL-[FZE PR R . L4158 . #i4
M- P MR . y- Al R . L-[F B e e
W2 . L-fiziR . D-EtE R, Hrb LI iR
Ak = 2 IR SR T LA Ao 400 ] I R Tl 1
BT (035 P S S5O TR 200 ML P T R I T M
Wak:, 0 T 0k 4 A1 N P 28 SRR S Al it R A Ak
Frr 22 0 7R B6-1-4 1R ZR P SR A m A
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e (EA= 28 B3). XTSI R(4EA: % Bx). 6
VR (YEE R BH) . BERRARIERS (48423 B4), MifE
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PL. PN il PM 2442 B6 1Y 3 ki, Rtk
AirE 2 Bo ML 2R B X 2 Fh i A: R AN & 7
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4R Bo HAMEAMER], il 5 R+
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AR, #E B2-3-5 A il TR AR
1 ) 2-FR FERIEERS | DKM | N-ZE-5-F% i . 1l
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= YEE 2488, 1H 2 ErkERIEHY 2 a7

TEW R 225 .
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503 B, 3ok 2 SR A ) A T R A T
SRR FN AT, 2D T R R 5 G 25 A
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R2AHL A 8N ERRUMS S TAERAEY S
R, X5 B2-3-5 Wk RR L HATAEY)
MG BOE LAE B R & RN R 2=
SR 6 4, ZHRNEAR . B2 R 0418
VG BGER 2SR A 6 4, S 55 Rk
BRGNS 6 4>, S 5 AR H IRER
REfn 22 YA 714, 2 5% B FEREBERT
22 AR 3 A X SRR AR BRI 22 5
fRATBE S B2-3-5 Fl B6-1-4 3X 2 MBI MRAE DS & 4
FEIR G S AR W IR ER R AU A B A BT AR
A, X R B2-3-5 RMRAE K B 7= — 2t
5B R G R PR R P A LA 1
IR IR [E] A 4 R A 500 T 5 i S R
SEA MG AOIETE o BEAb, FEikst 22 AR
%5 ABC izl 74, S55EREYE KT
A 84, ZHEEARNUERENA 84, XFEE
(K24 B2-3-5 il B6-1-4 Jy[alJ& i As [F A widk,
1 RAR A B —E 22 50

SWEAE 6)ExR TR EE R, <
Y I B — AR B — SRR B AR T
() P H[~InP value] FH K Hh A AL bR FI B (0
SMWHEMEE P EBVN, SEREEREE,; 2|
S FEF D 2 AT R 1 52 ) B /N R A s AR
RANFIR, R KRFRZmE R, E 6
ATLAE H, PPk B2-3-5 AHXTF Rk B6-1-4 ML
g, 4EE R B6 BB B R A B

Y% B6 (WERDMLEER Bl BP& RAFHIHT
AR, SHHUARTREZEM AP, fEdEREAEE Sl
PREOIRIHER , IF EARIE KA R RRAR I ik &
B6 HHHE R 5-BEBR L ¥ (Pyridoxal-5-Phosphate,
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Table 2 The main pathways of the differential metabolites participated in

Fre AR %4 P 225 AR ECR SYRWLIEYE G

Number Metabolic pathway The amounts of different The amounts of total

metabolites metabolites

1 ABC transporters 7 43

2 Biosynthesis of antibiotics 8 38

3 Biosynthesis of amino acids 8 31

4 Phenylalanine metabolism 6 9

5 Phenylalanine, tyrosine and tryptophan biosynthesis 6 11

6 Degradation of aromatic compounds 6 10

7 Tryptophan metabolism 8 12

8 Aminobenzoate degradation 7 9

9 Benzoate degradation 3 3

10 Tyrosine metabolism 2 14

11 Ubiquinone and other terpenoid-quinone biosynthesis 1 5

12 Glutathione metabolism 1 5

13 2-oxocarboxylic acid metabolism 3 9

14 Aminoacyl-tRNA biosynthesis 3 8

15 Valine, leucine and isoleucine biosynthesis 2 4

PLP)FIRIRZE A 2R B6 A3 I HoAh 5 AR B3 46t
e PN, PL. PM. 5'-BEfRME M EE(Pyridoxine-
5-Phosphate, PNP), 5'-#& % i (Pyridoxamine-5-
Phosphate, PMP)BJIfE7ET AR, HAEY G
WA 7 Fs. 48R R B6 FETEMRAEY &
B MRRE . TR A AR
e A ) 1 2 A 25 D T A R AR B
FERH, T 2 R Wty it 2 AR B PR 4 A rh B (Reactive
Oxygen Species, ROS)Afig#s L-EZ MR A LA
3 E-L-MEmR, AR Ay L-ZER, &5

3t (
Vitamin B6 metabolism Impact
o ) ) O 0
8 2 @ Argining and proline metabolism O |
E (@)
E ‘ Novobiocin biosynthesiso —InP-vglue
Flr go%otin% a&i nicotinamide metabolism I 2]
Cg OAlanine, aspartate and
ob glutamate metabolism

0.00 0.25 0.50 0.75 1.00
Impact

6 B2-3-5 Xf B6-1-4 BRI 5 H7TE
Figure 6 Pathway analysis for group B2-3-5 vs B6-1-4

RAEWMRAR, MY R Be 1l LU 5 2
it H ) 00 T 2 SR AH B FE B0 bR A AL G 0 0o AR
Hi= R ) ROS,  SE I 0 i 2 B . E i
S8 S6 T 4 % B, 4% B6 M4k % B12
TN A375 BRRIANM R A | K S PR IS P S SR
2 A A 52 T ELAT L] AT VR FH - FR AT TAR B 22
SR T e 5 A A R, SN 4EA: K Be UG
BRI AR AR W] REAE B iR B2-3-5 J1l1ifl 1% 22 PR iy
TEPE R E AR
3 Wi

ik S TR i A D R A PR A 285 TR I S il , i
a0 ) T 2 I e s L D 7 R A A B 8 2R 0
FErp b L, Pl REa R, HATR
A5 110 T e AT 1 700 R 2 B8Ok U5 T shAE ) , e
Wy U s 2 TR AT ) 700 P W G A D . UE AR
Kl . 5 TR, NS BT AR
B i o AT E A E Bk B2-3-5 Fil B6-1-4
(A AR 7 B U o) T P T 0 1 P i, A B PR
Pk B2-3-5 PN i ZACHH A7 A R PR F0 1 %08 67%,
ICso M 0.277 mg/mL, F#E B6-1-4 I P HL
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Acetyl CoA

a-ketoglutaric acid

Glutamate

Glutamine

NH3

3-hydroxy-1-amino acetone phosphate

D-erythrose 4-phosphate

4-phosphoerythronate

v

3-hydroxy-4-phosphohydroxy-
u-ketobutyrate

4-phosphohydroxy-L-threonine Pyruvate + GAP

Deoxyxylulose 5-phosphate

Pyridoxal 5-phosphate

1 | Pyridoxamine 5-phosphate

Pyridoxal #————— Pyridoxine

Pyridoxine 5-phosphate

Pyridoxamine

7 HHZE B6 EMEMIER
Figure 7 Biosynthetic pathways of vitamin B6
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A ok 6 ) S5t LA 00 o1 ¢ e R T S 1 R BB T o R
PRV 55 B VR o 4 1% IR it A B ) il
BTGP I EIVE R, JR0N S T AL
INE (] Es I B P i T R R R
50% 2K B R A M BE (IC50) 431 24 1.20 mmol/L Fl1
1.00 mmol/L. JAIrPOF5s & ¥ 10.0 g/L Frigaxt
SE R P B 22 W AR AL T S P A IR AR T AT Ak )
17.6% . TRIAR B2-3-5 HAHG] & B 448 e (R SE PR LA
MR R T, PR e a0 I T 22 R i il 541
T BRI L B L2 e vk 3 , Hox
AT TR M B AT RV P S BT A% 5 . Maillard 45122
W5 %2 B e 2 R A8 A5 75 RN 2 X6 Bl A 4
AR L ) SRR AR L AR R I (EJR N 2
AR AR 2 A B B I RIVE R . Ak, TR R

Vitamin B6

B2-3-5 HR B4k A 2 B6 A4k 2 B1 B
B . Yokochi ZUMSIIGIE W4 £ B6 nliE At
55 T = FR T v 1) 0 T 2 A B BB T B B
AT A T R T o AR R U T 4
A 2R BO X P 2 TR it B 5 it RN — 193 TS 7 1) IC s 3
B°& 15 mmol/L 1 11.7 mmol/L.,

A5 ) A A 2 R RS I 7 92 % B T TR PR
B2-3-5 Fll B6-1-4 WAy 22 s e, mbk
B2-3-5 HORHR . PR . IR ERR . 44 B6
g R B1 Y& & LM, fE—EfE L
fif R T IR B2-3-5 AR Py i S Uy 5A 1] s
SRR P 0 S DR % B A A e A e A 7
ST R BN, YA ZR Be I A A 3 i AE G
Pefe i, 456 250 st 8 R U 44 R
B6 JE WK B2-3-5 (%22 AU, R UL A 4
A2 B6 MIE BUMA TSR SRk B2-3-5 A
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(1) ZABFFER A UPLC-QTOF-MS 5 ARKG M Eh
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(2) 2 BRRMZE P T a5 R R, kR
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(3) it KEGG Ui xs e, 22 A &
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