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SR R BERHE M09 BAR S H AT MBS RS ey S ARk, [4 R 143 CuCly. ZnCl,. SAHA
Fo S-azaC T3l R L ¥ F C23-3 HAKRARBERE R, HBKLAEZIA+100 umol/L T BR4H
6 A F R EMERIAIBAT ERBLI T ATIRIZANRT £ ST RRM T, LTA
B XK A — R 27, [ER 1T iFFFETIRE L F C23-3 F A F 5 B ey idit
Rt =4, A BRI RIBRERR WK INE T Kk,

Foundation items: Yangfan Talent Project of Guangdong Province (201433009); Natural Science Foundation of
Guangdong Province (2018A030307046); Program for Scientific Research Start-Up Funds of
Guangdong Ocean University (GDOU) (E15155); Free Exploration Project of the Shenzhen Fund for
Basic Research (JCYJ20170306165013264); Guangdong Provincial Excellent Teaching Team for
Food Microbiology Course Group (YGJ2015133); Excellent Teaching Team of Guangdong Ocean
University (GDOU-HR201718)

*Corresponding authors: LEI Xiao-Ling: E-mail: leixI-19@126.com
ZHANG Yi: Tel: 86-759-2396046; E-mail: hubeizhangyi@163.com
Received: 20-08-2018; Accepted: 11-12-2018; Published online: 24-12-2018

HEEWB: T AEHWIHRIE 3SR A AT H (201433009); | AE HARIEIE4(2018A030307046); | 4R HEVE
KRR shI H (E15155); TIITIRMZEmipor A IR H (CYI20170306165013264); & ik
YRR R B P T HCA B N (EZE R [2015]133 5); [ R R AT H A A (R AN
[2017]18 &)

HBEEE: FIEE . E-mail: leixl-19@126.com
K3 . Tel: 0759-2396046; Email: hubeizhangyi@]163.com

Utis BHA: 2018-08-20; #EFHHEA: 2018-12-11; MK E L HHE: 2018-12-24



442 A 2 A

KGR HEAR, KFHEF, TAB, WAL, 746 CBUIZES B

Influence of chemical induction on the secondary metabolites and
biological activities of a marine-derived fungal strain Aspergillus
terreus C23-3

YANG Jing-Ming'
ZHANG Yi

1 College of Food Science and Technology, Guangdong Ocean University; Key Laboratory of Guangdong Province
Aquatic Products Processing and Safety; Guangdong Provincial Engineering Technology Research Center of
Marine Food; Key Laboratory of Advanced Processing of Aquatic Products of Guangdong Higher Education
Institution; Zhanjiang Municipal Key Laboratory of Marine Drugs and Nutrition for Brain Health; Research
Institute for Marine Drugs and Nutrition, Guangdong Ocean University, Zhanjiang, Guangdong 524088, China

2 Shenzhen Insititute of Guangdong Ocean University, Shenzhen, Guangdong 518120, China

YANG Wen-Cong' LIU Ya-Yue' NIE Ying-Ying' LEI Xiao-Ling"'

Abstract: [Background] Marine microorganisms are important source of pharmaceutical active leading
compounds and chemical induction can be used as a convenient approach to mine their secondary
metabolic potential. [Objective] Based on a marine-derived fungus Aspergillus terreus C23-3, this study
aimed to optimize fermentation conditions for more abundant metabolites (including butyrolactones), and
exploit the potential of the strains in drugs targeting Alzheimer’s disease. [Methods] The strain was first
cultivated on micro-scale, by taking four basic cultures mediums including seawater potato medium, malt
extract medium, rice medium and soybean medium, and adopting six chemical inducers including sodium
butyrate, suberoylanilide hydroxamic acid (SAHA), 5-azacytidine (5-azaC), procaine hydrochloride, ZnCl,
and CuCl,. The morphological variation of the mycelia was observed. Then, based on the thin layer
chromatography (TLC) fingerprints, chemical coloration and bioautography results, inducing conditions
with rich new metabolites and rich anti-acetylcholinesterase and antioxidant products were initially
screened out for further routine-scale fermentation. Using the above methods and high-performance liquid
chromatography-diode array detector (HPLC-DAD) analysis, the diversity of the total metabolites and of
butyrolactones was analyzed for the routine fermentation. [Results] The results indicated that CuCl,,
ZnCl,, SAHA and 5-azaC caused remarkable changes in the growth morphology of Aspergillus terreus
C23-3 mycelium. Six chemical inducing conditions, e.g. seawater potato medium plus 100 umol/L sodium
butyrate, led to diverse bioactive metabolites both in micro-scale cultivation and routine-scale
fermentation. Furthermore, its butyrolactone metabolites also displayed difference under different
conditions. [Conclusion] Chemical induction approaches can prompt the Aspergillus terreus C23-3 to
produce rich bioactive substances, laying foundation for the discovery of diverse anti-Alzheimer’s disease
natural products.
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(Eurotiales) & Bl (Trichocomaceae) W % J&
(Aspergillus), J&] 12 FFAE T VE R Hb ) —Fh
Wo TINEREASYRETERR Y h —KEE
PR AR ™1 o SCHRIR B IE 2105 0 2 - ith 2
WA= P IR EEL A9, Yamamoto 251
TE 1977 A\ 1 w8 1 & BERE U TR AR A 55— T
WIEZ1E &%) Butyrolactone I, $UFF T X T N EE2E
AP T 3t o AR SR AT T N RSB 1 TR
ABFFE BT PN R 2R 25 4 3 A 7 T4 KA
=P, IR S R A HEURTE | BUE
JRHGEYE L BURIEYE . MM EETEYE . PUEAR TS P
T 2 A AP SE 2 JE RO RS R, BTUR
%16 BRIE (Alzheimer’s disease, AD)IF) &4 54
WA EVIXR, BETB N mATRUEA E ik
0 S A U VR B i B2 ISR R, g
Bt AD MGGV W & BAA —E M (B
KFF R T o

A 27 381548 i 2 I AF R X4 1 — P L TR
U R B EEE R — N
M 35 A7 18 751 A e S B A e b A0 o) 2 R0
ARG e, X FL R ) B A B TR
75— BE R G Q= P A DT BRI R o k20 g
2P BRI A Y . B Y
M TS AL AN T2 s — R
Ji AL BRI IR, 5 —2SJ2 DNA H AL 5 T4 il
i1 5 | KO Z: B g S L s 41 B T BT B O RS e
2 A T Y 3 1 67 s B 3 T 1 T
P, M8 1 AR EEIR FH, /IMASE Y
Fasth, fEF DNA 5% 56+ K b [A) 7% s ]
TR A, PR oK, T BRI R Y
Fs22 DNA I IEARE RS M 157 7T 78 DNA
AR ERT , el S-IiT iz i
FEAEN A, BN CpG AR I ERY Cs
HEALTE AR S5-I LA ms g, FAIK DNA 20 H O
FRRRE , 46 K R 8l 5 5 skl R Ui A7
SRS, DTS SR R i s A ek, 5
A, H4r R B T R AT R B U AR A Y

AR, RN 45 S P b 5 i I A )
HE DRI (1) i S ARAS 203 8 KSR T W I A 3G
R, AR e A 2R 1B 2 Ak
AT ER%N (Sodium butyrate) . ¢ A 52 M5 1R
(Suberoylanilide hydroxamic acid, SAHA)FI DNA H 3
AR 5-E 2R mEnE R (5-azacytidine,  5-azaC).
£ 2 2+ [A (Procaine  hydrochloride) 1 JCHLEh &
AEE(ZnCL) AL (CuCly) 3t 6 Fhik2#i5 5550 %}
R HRR Aspergillus terreus C23-3 HA 1L #15S:
PAEE, DR ks vk 0 A Re , S5 43 i H:
= T INERR S I 2R o i A
SLIF R T NEEE LG W0 R BEER LY A o4 5L
il 25 F, T R BT AD SE3E M 259 ) T & e Ait
S EY.

1 8
1.1 FEHEKRIE

Hh R TR R SRy A 552 1 3 ORI — AR TV LT
Aspergillus terreus C23-3, 435 FIWHEVTAR H 4,
W (Pectinia paeonia).
1.2 EFE

WK ARSI, 200.0 ¢ DA E K
AL 500 mL EhS YT, HERE 20.0 g, IR 5.0 g,
ML 20.0 g, [AKEFREEHOINA 20.0 g BEAEKT,
KERZR 1 L, ZFREHFEQL): ZFEE
20.0, ¥R 20.0, IIKERE 1 LoREKREEFREE(g/L):
KK 200.0, B 5.0, WL 20.0, iIKESRZE 1 L.
KGR FRH(g/L): KK 200.0, L 20.0, K
SEARE 1 Lo pH¥HAKR, 1x10° Pa K 20 min
#H.
1.3 EERAFIFLEE

6 Flf T THR4N . SAHA . 5-azaC. ZnCl,,
CuCl, FER AR &R PR 23 ST A 5 vk BER
W : 250 mmol/L , 25 mmol/L , 250 umol/L .25 umol/L .
2.5 pmol/L. H:¥, SAHA # 5-azaC Jf] DMSO ¥
fitt, HAM KM, £ 0.22 pm JEHES HERR T
JERE .
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WAL B AL 2 e A A (A cetylthiocholine, ATCh).,
5,5'- B AR B iR (Dithiobisnitrobenzoic acid,
DTNB) . Z &t fH i fig B (Acetylcholinesterase ,
AChE). 4 ILiEHEH(BSA), IR HEE A M
3 (1,1-Diphenyl-2-picryl-hydrazyl, DPPH), PUt%¥5
AR 2y (L) A A A PR/ H] 5 Silica gel 60 F254,
Merck 23 F) 5 AR SRS Ry 7 At

ZUJREEEIMNE SN, FIERER S A BRA A
B WIGSEAE, RIS A R A ] BT sl s
T R 1 A [T — AR S R 4 A 2 (DAD)]
Agilent 2~ H] 5 B4 &AL, BUCHI A FRAH 5 JiE
IR RAL . B, FIERMER AR A A

Agilent A C18 43#rit: , JHELN Poroshell 120
EC-C18, ##% 4.6 mmx250 mm, HELEPRIAE 4.0 pm,
2 LRI
2.1 WEFSHE
211 EHRFESEMFIHIE

P BEbE C23-3 ik 28 °C . 1R EE K 80% 2 B
FEFAA RS TETRRESRE T, AR 3
FiSEHAT 200 mL KR gk Th 8 28 ] 1A 1 7 BE A
JEsEF ;T 28 °C fHIRIEFRAE R 34 d,
P T £ R TR T
2.1.2 HHWIES

H0.85%019 JC T A= B AR KR R HETE I Y
WM T, #65) . SR SR oA R i s
FRILAH T 24 LR, LI 2 mL B5 3% B 200 pL
B, 28 °CHi5F 3 d )i, MALL2=H T/
SPAIEE S DNIE SR AW EERSE (10 mmol/L |
I mmol/L, 100 pmol/L, 10 pmol/L, 1 pmol/L),
BVCE AT 24 fLBCE T 28 °CL 1B EEN 80%
10 % TR B IR AR T LR R A LK S it BE N
FRYIEA I BIC R . JOKIE FR B AR S 85 57 0l
FHEAR 50 mm )—RPETCREEFRML, K lEARE
FRAEH R SR LA IS, BiiE2y 8 g5 WX 200 pL
DA IR I ST A oy i35 SR LA 375 S 00 34 20
2| 3 dEEFRYRE, 6 FMATHIA 5 DAURES K
—AFEAT, T 28 °C B WG FRA PR .

2.1.3 EHRRERE IR

SPARESS 2. 4 JEEREBUR TR ) . X TSRS SR
Y1, M\ 24 LR BUH E 22 R FUEBRR, 3 000 r/min
BLDMRZE T 4 h, A 200 uL B, 03 500 W
HAFEHEE 30 min, 10 000 r/min £.0> 30 min, HUH
IERA X EAARRE SR, KR SR T 22 Ak
B —FR50(29 0.5 mLYA B, A 0.5 mL 11
A, B HEE 30 min, 10 000 r/min 250> 30 min,
B I e A
2.14 EHORERSEEESERBENEIMFE. £
VMEHBEERLER

B S ik B AP AR FR I K
BRI A (- BRI R LGSl 5:1)8 TLC BT
N, ARG IR I B LA 0 F B (IR R LG
10:1) MR IFF], 435l 5% 254, 365 nm [ £EAMA
%, DPPH 153 E M 5 AChE #iIE M A B R,
Tl A P PR i €5, B R Ak - — S Ak B e RS
22 EMHEEREABERET
221 EHRHWEEHE LR

MA2EE SRR R et 6 RGP
FEHETU, BEFU P-THER4N-100 pmol/L .
P-ZnCl,-10  mmol/L . P-SAHA-100 pmol/L .
M-Procaine-10 mmol/L . R-SAHA-100 pmol/L .
S-5-azaC-10 mmol/L HEATH E#E LB, W&
500 mL =, AHMACH 200 mL $5353, 439
B 2 mL W, 5537507 L R 25 S0 0
222 HEHRELESYREE

Iy INTE AR R BERES 2. 3. 4 R ™
PIAR I, R RE SRR W F 5 s 97 B SRR
AT BT 2: 1) IR A v e 4T A 4R
B, BFE 30 min, SEAPEEC 3 WK, IERIRI;
WARSE SR B R B IMA S B R LSRR 2 2
BOTRZEI, $EE 3 K, SRR . e 78k
{CEFE MR AR T, FREE, 4 °C R
223 HEHREEHELAEERSTYN TLC
FEEREMEEEES

PRR i R IR AE AR ) TLC b=
SAEEYE A 5 B AL R
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224 HPLCENEERHEXRESIPRIE~H
EZ:ks

A5 P4 s F BB O R 2 mg/mL
MIFES G T HPLC 404, #FFERh 10 pL, BER
25444 - 0-30 min, 10%—100%F4 ZJiE-7K ; 30—40 min,
100% 2.5 ; 40—-45 min, 100%—10%F) Z & -7K ;
45-50 min, 10%M9ZME-7K, i 1 mL/min, DAD
K285 5 RAEPH KA 190 nm—500 nm, Wil K
5 254 nm F1 310 nms,

3 BR5H4M
3.1 FFSNFER
3.1.1 BEHRIFESEIRRAR ST

W 1A B, Wbk C23-3 fE DR B SR R4
R, SAAMEZEEIERE, DZEIKE
o MMAIEF7] CuCly J& , BAT CuCl, WeBE R,
PRIAR I T 2250020 i/, MUk iR %] 10 mmol/L
BF, LB iR i, MAFESH ZnCl,
K3t 14 d e, MEEBEFRRENIEK, WHgad
AR, Y ZnClL B EEIAF] 10 mmol/L B}, B
22 e AR A R ER G I AE 351 SAHA J5,
Bl A 5 AR B R, TR 22 B .

WK 1B iz, Hkk C23-3 fE4& R B IR 5t
SUEF, AR LEE RS R, INAKS
] CuCLEF A, M CuCly W FE I8k, W
B s IAIESH ZnCLES)R , WE L HBE
FEETR ZnCly WREERYIE K, TR 22 4 E KB WiiE
BL, Mk EEIAFE] 1 mmol/L A1 10 mmol/L B, JL-F
B AN R TR LA, R ZnCly X HA: KA (2 it
YERT; ARSI 5-azaC )5, bi#5 S-azaC WEERY
HK, W22 BR I B2, T 22BN f i
S OB A A R TR R R 2 (R ST
R

Z£ F TR, 7E CuCly. ZnCl,. SAHA # 5-azaC
B HE E R C23-3 MBS b A T R ARk,
FE LA AR RIS b i ke Ik A AR 5 T
PRIE 25728 S 22 ] LA S DR G 7l e 3%
FIMRAETS S 550 T AR ] s kA T A8 fksl ™

El1 HHFIFSE C23-3 £5F 14 REBNEKES

Figure 1 Growing morphology of chemically induced
strain C23-3 on the 14th day

W A DRERFREFSH; B: ZHFREFRBAERTAH.
FER EIrbmic MImMAE SRR, 2= H AR, H
i SAHA Z1 A 5-azaC LAY BRI NNT DMSO KR =Y,
HIEERTAE DMSO W= AN IREE.  BREH— 17
Note: A: The potato medium induction group; B: The malt extract
medium induction group. The concentrations of the inducers were
indicated above the picture. Blank: group without chemical
inducers. The controls for the SAHA group and the 5-azaC group
were cultures supplemented with DMSO, so the morphology was

different from the blank control group without DMSO. One
repeated well was set for each group.

A TR W o R T AR I S R R
W T ZA AT HWP, ASCkE—Hitt7T
TLC fR o i 5 2 A Y0Pk B B 52 150
3.1.2 FESAEIE TLC 5 EiEaIxTte

JH 8 4078 W B i 35 57 e IR AR D A S iR A 7
TLC 24N B, XHE SRR = e
TLC F5 8 2) ] LA IR : fE KGRI T
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Figure 2 TLC fingerprints of the strain C23-3 fermentation products before and after induction (cultured for 28 days)

I (1) B: 25H4; D: DMSO XJH&4H; Zn: ZnCly; Cu: CuCly; Bu: TREH; Pro: T & RN ; 5-a: 5-azaC; WREFARTE
TLC L F 5. 2) Al-A6: KEIEREREFILKME FIFESFLR,; B1-B6: JORIERIEFILKMG FIFESFLR,; C1-Co: D ERFRILM
FFRF RN FiIAE TR, A1-CL: 254 nm EHMAR; A2-C2: 365 nm BIEHEIR; A3-C3: HiEREMMEE; A4-C4:
DPPH H ARG BRIGETE A 55 AS-C5: ZBENBGERAHN GG TE A 2525 A6—Co: ZREULH- =MLk @,

Note: (1) B: The blank group; D: The DMSO control group; Zn: ZnCl,; Cu: CuCl,; Bu: Sodium butyrate; Pro: Procaine hydrochloride;
5-a: 5-azaC; The concentrations were marked below the TLC plates. (2) A1-A6: The results induced based on soybean medium; B1-B6:
The results induced based on rice medium; C1—-C6: The results induced based on potato medium and malt extract medium. From left to
right: A1-C1: Images under 254 nm; A2—C2: Fluorescence images under 365 nm; A3—C3: Anisaldehyde sulfate colorization; A4—C4:

DPPH free radical scavenging autography; AS—CS5: Acetylcholinesterase inhibitory autography; A6—C6: Potassium ferricyanide-FeCls
colorization.
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PR RN mmol/L)Xf H2s F 85 3 5L A
DMSO XJ BRI G I 7E K 254 nm F1 365 nm &
W IKCBE A X5 T s o, i LR T A T 4 B
92, DPPH F FH L5 BRI 130 RN 2 5 R i 75 iy
TS PEBRE S BAT BN FESOREE RIS,
7540 SAHA (10 mmol/L)X a8 B3R 5L A1 DMSO
XTRE KA = I AE D K 365 nm T W ACBE 5 2404 e
H4fm, DPPH H i 3ETEBRIGPEBE S L DMSO X1
BRI A BTN FE SRS T, B
2H T ER%M(100 pmol/L), SAHA (100 pmol/L)*f H a8
35553 & DMSO X A A ™ W1 #E 3 K 254 nm
F1 365 nm T WICEE SUIAA TR, i EUH e A
6820 43 By Bk AL B0 - = A A B B (T R
2 A S 42, DPPH [ F KET/ B 16 PR B 2L
L TBE AR R A ) 6 M B S T s 7E 2 2R
BRFIZMAT, F AR RS RFE (10 mmol/L)
XF ez SRR S I 254 nm 1 365 nm
T R CERE S YA ik, i ELH A R a4 K
BREFAL - = S bk B BN I %%, DPPH H
FH Y BR TS PR BE S A B RGn F e, 7R B
PR, WARTTRE A T B A= .

g5 Frd MR AL 175  HE AR R S Y
AR BERR Y TLC H S48 SR IS B % o4
REEB MY, BIRRTE R 2 10 5 25 58 25 A s 5
RIS EE T, P24 TR g =, Hp
1€ P-THER4M-100 pmol/L . P-ZnCly-10 mmol/L .
P-SAHA-100 pmol/L . M-Procaine-10 mmol/L .
R-SAHA-100 pmol/L, S-5-azaC-10 mmol/L iX 6 Ff
HRAME TR YRS, AYEtREE, %
JE R i B AR A T I T I AR R
[ AT BEAFTE—E 22 501, W IE ik 6 AR fE s
it R TR R A SO, Rk e A R — 2SR R LR
FERAEAT T TR B0 i 56 A A = 2 AT
3.2 EERELEAESYIN SR
3.2.1 HEEHEBELEAH TLC B EE

XF R E R R i TLC 5645 B 6
M KRS TE B B 5, TLC 484k M b s g €043

Mrigsn, 6 %40 NItk C23-3 55 3. 4 JHI1
W3 25 BB e AcE | G es 4 18
SRR 3); AEWNEYEA BRI, P-TERN-
100 pmol/L , P-ZnCl,-10 mmol/L . P-SAHA-100 pmol/L .
M-Procaine-10 mmol/L . R-SAHA-100 pmol/L .
S-5-azaC-10 mmol/L iX 6 201555 515 F Wil =4
HSELA IR DPPH  H F 235 bR 6 A1 2 Ik AH B
T T A T R O 4 W 22, T HHTE PR o BAT
W ZFErE . BRELE-— bk B ek, K
R =i T e & A F & S R A
H'Y5 DPPH ¥BRIGYE A B A B R b AL iE vk &
BB 5 AT AR B 0 o X AR B R e A
VIt TLC Fe8C RS, KZBZEEE R M,
U B P v A o B R IR A Gl R IR T
B8 A 2E S S AR AT
322 EEFHBELZENAIHE~IM HPLC 547

FIA HPLC XJAb2A175 5 n AR & i s 2 1
R T00r, B 4 85 BoR 25k FiE S,
PRRRTEAS 6] B 355 32 400 ¥ AR T & AR ™
Y1, 7€ 254 nm KN SESA AR £
HAR B a2k

[l A IR 2 AR5 2 AR AR )
MHGEWENES . 7 SR B IR &M
T, IAESH] SAHA (100 pmol/L)J5 , 254 nm K
TARERESR] A 27.782 min B B B g, TAE
TGS T HRAN(100 pmol/L). ZnCl, (10 mmol/L)
Je E A R B B [0 U2 AT H B0 B S8 R s 0

ARG FR3E L R TR] R S 00 7= A AR
WHEZES . . ELEFREFHFEFMNT,
A S5 Procaine (10 mmol/L)J5 , 254 nm
TR ETR] R 4.598 . 7.478 min A B i
T B 5 A A B S A IR0 s AR
KRN, AR5 S5-azaC (10 mmol/L)J5 ,
254 nm AT ORI E Ry 1.837.13.680 min B
UH] 0 iU, T A L R R RO [ 475 R
FRAAE T A TR A O B8 B () D) V5 A HE BB W A
I 7F 310 nm J¥ K T, M-Procaine-10 mmol/L i

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



448 Ay =38R Microbiol. China

1 2 3 5 6
- .-
> o &
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(4] (4]
o o Zz@& %§ vy < 2 Zz@& %ngs’"& AW :z@‘b & o
B3 EEHBELEENYEAFESHN TLC B8 EIE(EE 7 28 d)

Figure 3 TLC fingerprints of the routine-scale static fermentation products and inducers (cultured for 28 days)

7 Procaine {REE R &R A ; 1. P-THER4N-100 umol/L; 2: P-ZnCl,-10 mmol/L; 3: P-SAHA-100 umol/L ; 4: M-Procaine-10 mmol/L;
5: R-SAHA-100 pmol/L; 6: S-5-azaC-10 mmol/L. A1, A2: 254 nm %4M&{4%; B1. B2: 365 nm %;"ﬁ@{%; Cl. C2: HIHEmM
Fefbs: W (4 ; D1, D2: DPPH AHZIEBRIEM A B¥; El. E2: ZBHARGKEREEMGIEE R 852 F1. F2. Safbs- =4k
B .

Note: Procaine stands for procaine hydrochloride; 1: P-Sodium butyrate-100 umol/L; 2: P-ZnCl,-10 mmol/L; 3: P-SAHA-100 umol/L; 4:
M-Procaine-10 mmol/L; 5: R- SAHA-100 pmol/L; 6: S-5-azaC-10 mmol/L. A1, A2: Image under 254 nm; B1, B2: Fluorescence image

under 365 nm; CI, C2: Anisaldehyde sulfate colorization; D1, D2: DPPH free radical scavenging autography; E1, E2:
Acetylcholinesterase inhibitory autography; F1, F2: Potassium ferricyanide-FeCl; colorization.
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Figure 4 HPLC chromatograms of routine-scale static fermentation metabolites (cultured for 28 days)

. Bu: THR#N; Procaine:

HIREERE; A KB 254 nm T ABAHERE; B: 310 nm A T MR .

Note: Bu: Sodium butyrate; Procaine: Procaine hydrochloride; A: The liquid chromatograms detected under 254 nm; B: The liquid

chromatograms under 310 nm.
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Figure 5 Isoabsorption spectra of the metabolites of C23-3 under static fermentation

TE: P REHIRIE; M. ZFREIIREE; R SJOKKEIREE; S: KREHIRIE; Bu: THRHA; Pro: #hMREE RH; Zn: ZnCly;

5-azaC: S5-Z 2 MIMERERLTT.

Note: P: The potato culture medium; M: The malt extract medium; R: The rice medium; S: The soybean medium; Bu: Sodium butyrate;

Pro: Procaine hydrochloride; Zn: ZnCl,; 5-azaC: 5-Azacytidine.
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