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Abstract: Active constituents having anti-Alzheimer’s effects were screened and traced in 44 marine fungal strains. Acetylcholinesterase
(AChE) inhibitory and antioxidant activities were assessed using the 5,5-dithio-bis-2-nitrobenzoic acid method and the
1,1-diphenyl-2-picrylhydrazyl (DPPH) free-radical scavenging method, respectively. Bioautography and specific color-developing reagents were
applied to investigate the diversity of bioactive substances and their structural types, respectively. HPLC-Q-TOF-ESI-HRMS was used to
characterize representative fungal bioactive metabolites. The fermentation extracts of 32 strains in different culture media showed remarkable
dual bioactivity against AChE and DPPH. These dual-bioactive strains originated from different fungal taxa. Bioautography revealed their
diverse bioactive constituents. Chemical colorization further suggested that their active components were nitrogenated compounds (alkaloids),
phenols, and other types of natural products. Based on HPLC-Q-TOF-ESI-HRMS analysis, a metabolite with molecular formula C;sH3NO, of a
strain exhibited relatively strong inhibition effect against AChE. The present study revealed that marine fungi were an important source of
diverse anti-Alzheimer’s active substances, and provided a foundation for future studies involving the isolation and elucidation of bioactive
compounds.
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pH (AR, SEMME RN 5.0 £4; (2) FEERF-E

(M): FZFRE 15 g, W20 g, #&18/K 1 L. pH
7.4~7.8.
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Table 1 List of marine fungal strains tested

Bl # & % Genbank /535 RIR [favaRn # B % Genbank /535 R
L ®agAH
6-F Aspergillus sydowii GU244528 R AP2T1 Penicillium polonicun IN368448 va
11-N1 Alternaria sp. HQ149771 Rk BP2T2 Penicillium commune JN368450 a
19-10-1 Aspergillus fumigates HQ149777 s BP321 Aspergillus unguis JF731256 HH
6-N Chaetomium globosum GU244529 Rk BP3T4 Penicillium concentricum IN368449 a
13-F1 Aspergillus fumigates GU266273 R BP3T10 Chaetomium globosum JF731257 HH
DLEN2008016 Penicillium glabrum FJ618520 R BM3T2 Neosartorya glabra JQ082501 HH
DLEP2008001 Aspergillus unguis GU117635 R BM3T6 Aspergillus sydowii IN368457 S
DLEN2008004 Hypocrea lixii GU266272 R BCT1-4 Aspergillus versicolor IN368459 S
DLEN2008006 Aspergillus clavatus GU266275 R BCT2-3 Aspergillus flavipes JQ082507 S
DLEN2008010 Hypocrea lixii HQ149775 R TBG1-1 Penicillium citrinum JQ082503 S
DLEN2008005 Trichoderma harzianum ik TBG1-5 Penicillium polonicum JF731266 i
KU530201
DLEN2008007 Arthrinium phaeospermun I TBG1-8 Penicillium corylophilum JF731268 R
GU266274
DLEP2008014 Alternaria alternata F1618522 ik TBG1-16 Penicillium polonicum JN368453 [
DLEP2008005 Fusarium oxysporum FJ618521 R TBG1-21 Penicillium crustosum KE746907 S
TR
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TBG2-1 Mucor circinelloides KF746908 va
TBG2-2 Penicillium polonicum JF731269 s
TBG2-8 Penicillium chrysogenum JF731271 s
TBG2-10 Chaetomium sp. JQ082500 s
TBG3-1 Penicillium polonicum JQ082508 s
TBG3-3 Aspergillus fumigates JQ082499 s
TBG3-14 Penicillium chrysogenum JF731274 s
TBG3-15-1 RER Bh
TBG2-4 ARER pd
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M ¥ PBS (pH 7.4), 10 uL 29K F%°A4 0.02 U/mL AChE,
20 uL. 5mM DTNB, 37 C##E 10 min, JIA 20 uL.
10 mM ATCh, 37 C#¥F 10 min G 30 uL. 1%
SDS #1E /N, FHEGFMYAE 405 nm 4045 OD {4,
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mL.0.1 mg/ mL 1 0.05 mg/ mL) N f3H#I2, H origin
AR ZR- IR o Hith 2k, FH =k B3 77 R 5
LHIHIREE (ICs), FAMXTHE AR TEAR (Tacrine) .
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PIf=10:1~0:1, ffaHEEMYE, H TLC KA w
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Fig.1 Inhibition effect of of marine fungi fermentation extracts on AChE activity
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PREGEE TN T IR T AR 8 ARG IE LR TR
VIRIFT AT A a4 BRI R T
TARIE R E ISR, RN 2 mg/mL
IF, S DPPH PRI B R B i =ik 90% LA b, LA
%+ DPPH HIIEREHAE 40%~80%2 ], 3 Tyt
RIMNK B e oy 25 42 vRINAEEE T, 24
PREA 5] CBERR RIS (FREUZEHRIE N 1.58
mg/mL), Ml HR ST 61.98%, 33 HREATER
DPPH 5t (RIKIEN 6.25 mg/mL), JEMR A
F1] 92.94%, 15 BRAHEHE 2 FiiEtE. MEARBFH, %4

FEEUIZRE N | mg/mL 5, AChE i 5 i ik £

100%, Ffib TBG1-1 (P) A1 DLEN2008006 (M) 7E
ZIRE T ¥ DPPH {5 PR WIEIT 100% (ECsiA 0.07
A10.16 mg/mL), MHWERIME, ABFFCHHRE RSP
RN T A AEE .

X G SR 3 AT SR B TR T BRI A s
WA R0, 11 DLEN2008004 7 PSP 1973k
o' DPPH [ HAESHFRZIAF] 100%, AChE #ifil%
34%, TfE M BFRFEiERERA 75%, MZh
15%; BM3T6 fE PSP #5373 DPPH H HHALTE R %
N 58%, AChE I3 4 30%, MifE M Bs7rFErhigkk
HIRF] 100%, IHIFRIEF] 65%. Kk, AFEEEFREE
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BN R BRI R AR RS, X N2
PR RACHNE /7, TR IR et 7 —
7E HIHKHE -
AP EHAT KT, 29 BRATE—FhE Fhds 7R 2k h
7P A OUE AEE E or B w RR, 9 BRON l E R
(Aspergillus, 6 ™MD, THRNEEE (Penicillium,

Hypocrea, 2D, Fi3EfUJE (Arthrinium). HEt&1H
J& (Alternaria) EFHJE (Mucor) % 1%k, 5H 7k
NREEME. 5OEHGER™ AChE #IiI55|EE1 4
IR LB SRR A L, AR ISP E AR AT
SOz A AR R A oA 2 RS PR
KA AT RENE

6 NMFD, 3 MAARER/WEWIE (Trichodermal
3R 2 HTHIRSEMEAREMAY AChE HHIHIRAEE (1C) F1DPPH HiERRIKREE (ECw) (mg/mlL)
Table 2 ICs) to AChE and ECs, to DPPH of potent samples selected from preliminary screening (mg/mL)

S ICs ECs, S ICs ECs, Hdh ICs ECs,

6-F(P) - 0.10 DLEN2008006(M) - 0.16 BCT2-3 (M) 1.01 -
11-N2(P) - 0.84 DLEN2008010 (P)  0.38 - TBG1-1(P) - 0.07
11-N2(M) - 0.69 DLEN2008005 (P)  0.74 0.39 TBGI1-1(M) - 0.54
11-N1(P) - 0.15 DLEN2008005 (M) - 0.17 TBGI-8 (M) - 0.57
19-10-1 (M) 0.95 - DLS2008001(P) - 0.41 TBGI1-16(P) 0 0.17
6-N(P) - 0.11 DLS2008001(M) - 0.25 TBG1-21(P) - 0.28
12-F(P) - 0.65 DLEN2008007(P) - 0.25 TBGI1-21(M) 0.88 0.24
12-F (M) - 0.51 DLEP2008014 (M)  0.90 - TBG2-1(M) - 0.47
13-F1(P) - 1.05 AP2T1(P) 1.28 - TBG2-4(M) - 0.13

13-F1(M) - 0.38 BM3T2(P) - 0.14 TBG2-8 (M) 1.15 -
DLEN2008016 (P)  0.67 - BM3T2(M) - 0.15 TBG3-1(M) - 0.52

DLEP2008001 (P)  0.71 2.57 BM3T6(M) 0.81 0.21 Xt B8,

DLEN2008004 (P) - 1.37 BCT1-4(P) - 0.51 Tacrine 5.01 uM -

DLEN2008006 (P)  0.90 0.55 BCT2-3 (P) 0.78 - Ve - 1.01

*®3 WEREAMMRNHOEZEMTES

Table 3 The main active spots showing positive reactions in chemical coloration

) 72 R FRZEHBELR . & Rf RRIZEAN D ELER
A - A .
(A 4)  #est47  Ehrlich &4k FeCly (B 4) #fed4lts7  Ehrlich B4k FeCly
DLEN2008006(P)  0.54 - *I TBGI-21(M) 041 (oS3 - %
DLEN2008010(P)  0.61 - RIE BCT2-3(P) 0.32 # - -
0.43 AF4r E%: 2 ik BCT2-3(M) 0.32 lic - -
0.22 Az A= R AP2T1(P) 0.75 # 5% -
DLEN2008016(P)  0.50 - FIE - 0.42 ARer RAR RIE
DLEP2008014(M)  0.33 - EAF - 0.21 Az4r &AF R
BM3T6(M) 0.59 - W% TBG2-8(M)  0.26 # #E -
0.43 - X
0.24 # &

PR RN Z R, Hrhili] AChE iR IR £
EMAAE RE N 0.2~0.8 [, 1f1iE kR DPPH H HHE:H
PEBE UK #B7E REA 0.5 LA, A3 s RIS
Bz 10| ACKE y&EPEMIERR DPPH H HEETE, 41

22 TLCAMEHEERIFEELFLE

A

WL ENE R C N E 2 = C P i s Ty MG
IFEG, BE4T 7 DPPH JEFRAN AChE IS 14 (1) =
ENTE SR WK 3 R, Bl LT aR
FONTEYERG T FITAE, 45 R IR L5 1 e ik b (R 1
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R ZEE T F & 2 FE AChE 051 & DPPH H f3&
TERRA

YT AChE il 7 2 J@ A0, s ib 77
FMEZ, AWIR BIMRIE I R R M T
K FH P R AL AR . Ehrlich 37 KRG FeCl3
L REFHAT T HEROSE (R 3. 487 ER
DLEN2008010(P). AP2T1(P)H' B4 DPPH &% [
AChE #IfIXE iEPERIBE s (B 4 WP g Skhnic B
RO TE=MRHER A A RN, ATRERA A
VBRI S A S B A S TR S R [
TBG1-21(M)H T TG PEBTE 25 DLEN2008010(P)
AT E . SEMT, TREHONIUR Y. o Ak
TS TEDE ST RN A IS B BT 2
PEBE RORIX = i R AU, U EAT AR W RE A
HABRAIMEY), XN 2 HUE T ARG )
R FIR L T E AR, AR

[ 3 ZFtAEREALES (2) #1 DPPH (b) £ 118 B EIK
Fig.3 Bioautography image of AChE (a) and DPPH (b)

A REMKIA AChE ##lEMEEE; & EFTkARR
DPPH i sE . B¥%HFTREGHFLIAA: 1.
Aspergillus  unguis. DLEP2008001(P) ; 2 . Asp. clavatus
DLEN2008006(P); 3. Hypocrea lixii DLEN2008010(P); 4.
Trichoderma harzianum DLEN2008005(P); 5. Penicillium glabrum
DLEN2008016(P); 6. Asp. fumigates 19-10-1(M); 7. Alternaria
alternata DLEP2008014(M); 8. Asp. sydowii BM3T6(M); 9. P.
crustosum TBG1-21(M); 10. Asp. flavipes BCT2-3(P); 11. Asp.
flavipes BCT2-3(M); 12. P polonicum AP2TI1(P); 13. P.
chrysogenum TBG2-8(M). B ¥ a5 546L47e A A 254
nm MK, FHEFTATIRA LA 365 nm KB, AT iR R
B K Rl

E 4 SEMERITERENEIG R EEE MR E L

Fig.4 TLC image of bioactive strains and localization of main

bioactive spots
E: B ST AREHESLFIE 3. &K 254 nm A 365 nm
KK, FrkHE: & EAFIR AChE #p4lEbses; & &4FR
DPPH #IR7EHBEE; L EAFIRRE E B A,

2.3 Ttk DLEN2008010 By & B X 7 4 4 718

R

10 pg 20 pg 100 pug

10 ug 20 pg 100 pg 100 pg

[E]5 Btk DLEN2008010 SEEILLE ST KRR (a) « 1% AChE
EYBEF (b) 575F DPPHIEM B 25 (o) Blf%

Fig.5 The images of TLC (a), AChE-inhibiting bioautography
(b), and DPPH-scavenging bioautography (c) of bioactive
subfractions of strain DLEN2008010

E: BA THAREA M E; AT RAREAFIRF B 3 A1 4.
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Fig.6 The HPLC-Q-TOF-ESI-HRMS analysis of the bioactive
subfraction 2-2 of strain DLEN2008010

E: a2, BB TAA; b, 254 nm FIHEM EER; ¢, R
BT 11.6 min 7 HE E 0 PHREE .

YT HPE DLEN2008010 [FAHHEMIE R T 5k
AChE #IEYE, AT T 1 L AUBE B RS
TEVEE ST 2 RS R S 5, R =
AEHEIEAH 7

7 3 Btk DLEN2008010 $RERIIELE 5y 2-2 FRRBARTIE] 11. 6 min EEN S FRIHESHT

Table 3 The molecular formula calculation and analysis of the main peak with retention time 11.6 min in the subfraction 2-2 of strain

DLEN2008010 extract

WA ‘ - ‘ . i+ HA A .

. BFILEX BTHX HFo o 463F3% % [mu)
RE mliz RE m/z
252.1030 Ci6H4,NO, [M+H]" 100.0 252.1019 -1.1
274.0818 C6H,3NNaO, [M+Na] 52.1 274.0838 2.1
525.1746 C;3,Hy6No-NaO, [2M+Na] * 100.0 525.1785 39
WA P& A7

s #axti% £ [ppm] . rdb ei¥Conf FALI)
JRE m/z P& Bt B -F-(mSigma)
252.1030 -4.4 13.2 10.5 even ok
274.0818 7.6 17.3 10.5 even ok
525.1746 7.3 6.8 20.5 even ok

APEBRAITRE (B 5, Wy 1-1. A
5y 2-2 MBSy 6-2 53 BA 55 1040 AChEHBRR
DPPH 3. Bomai] AChE 35 MEAISS AO40%] AChE+
K% DPPH 1% 1%, Hohil4H sy 2-2 78 10 pg M ASREE
NEIERE R A AChE JEVERE S, WS 1-1
ATREE /DB R —IEME, RO ETE R A X
AL WS 6-2 TR AR R a R N AR
AN o

96 FLIR 2R BEMINAZE B, WAH 53 2-2 oR i
FEFNH] AChE 361, HICso 1A% 96.5 ug/mL, i
Hoy 1-1 1 6-2 AHATETS, 1Cso 09N 685.4 pug/mL Al
601.9 pg/mL. 1] =/ MFZH 5% DPPH i FRis S LG
799, MR AR (1024 pg/mL) FiEBREER

70

IEF] 50%, W ECso ¥ KT 1024 pg/mL. %4581 54
LISRTS- 22 S
SNTEAREEEMEA S 22 47T
HPLC-Q-TOF-ESI-HRMS B FH 4341, & B o 410 i1
AChE HI:EE MR (254 nm EANEK ™A BE
WCHIBE ), 7E 254 nm-UV {835 &) 1 54 8 - B i i
BHEFE A 11.6 min (B 6). 4 Bruker Daltonics
DataAnalysis Zf#] SmartFormula DJgETHE (3K 3),
HRIHE S BT (IMHH]D BoRSH T = I & 5 22
WA 2 EHR A A-1.1 mu, [FA2E A6 VTR R 1
BE 132, LA N A TR T
[2M+Na] FI[M+Na] i IR Z N T S mu, FEER
IIAGUCEC R T K sr B 15 Bk B bk, DRI &
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ZAAIRI T 30N CigHsNOy, IXBIGIE T 2.2 il
T4 27 S AT A AR PR 70 ) T

X HELRR RN =) (Dictionary of Natural
Products 2011) &R, & %0 T AWGEIC
SENE BRI 3-0-Methylviridicatin, 12L&t
MK EE B Penicillium puberulum FHARIERL, H
BRI AT R A FE 1 TNF-a 3550 HIV 5
FEBIEE . AP, EEENTSER R I
BMEAEYIBE S TR R EFIRE, FTREEH T A
[ 5 WG L RE S50 BLAR ety A e 5 TS
FITEle ZASRAHT T I AChE V&2 5
Wz EY), A — B O 7> Bt
BT RE MR SR, iz ey, Wk
XTI AR T ZRIR =2 B VARG A 2t 7 R
AHERRZAC A T — PP R SR A SR T fE
Yo BT HEEITRIZA SR BBk 2R
Wz —, ARSI BEBA —E B (ES
M E.

3 ZHig

AWFFCRIN 44 BRASFISRIREHE S H PSP
M PRI FR R R RIS, 5 20 PR 22 FR AT
FE A R 25 P AChE Ay DPPH H HH S X0 E 5
RUTF=1, H 10 PREETEIX PP 7R 5L B AT = A X
TEVERI . BRI R T B R B AR AR T
AW E B BN AT P AR R 2 B TS PE R
T B BRI 3 BR B TG T AR 7Y PT BE B A A6
B RS B B AW R R S5, FAR TR
ARG AE S B A DB A G R ABE AL B -
B 6 EE DLEN2008010 FI/NIBTHON K. A4
SIS PRI = o HER TR I 24T
ERILT 735N CreHisNO, B &Y B A BRI
il AChE V&1, it 7R B B 2 2 ALt
LA YR B BRI, N E S R A
AL SIS PER T 53 25 % 78 TAEBEE T Hfith.
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