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ALY/ A R R g 2111 bl K Ty

PRI, 7S SCTE P AR ST A0 LAl B X5 34 1k
CHITT T 5 R A B Y R AR R B AR S B AR
PEAT B TR AR O3 B 50 , IR PR )
HEATRIBAR S, LA Ryt b B 7 A B 1 A K Wl
AR RS,

1 #R5FE
1.1 %

R R WEAR Hy 2017 4R55 34 W H 5" M
B SR HTHE A SR 3K

B BT PR BE R 2 s PDA ]
Bi ek YPD [ {485 77 55 YPD W iR B FR 560 ]
Tor B B AR AR RIS PTAE R
R HHER AHES 30 pg-ml

G RL: FE 2 Hr i (200-300 H ) K il
GF254 TLC REJRAR - &5 W PR AL 5 22 7] s MCT gel
(CHP 20P, 75-150 wm) ; C18 JZ A fi ( 150-200
H) :Merck /A #] ; #E B Sephadex LH-20 ; Pharmacia
Biotech , Sweden ,

B s S P (EGED, Merck 24 R ) 5 Hofth
W), W R W P P OE TR A
ZRMEESE (AR, iR E 2552 141) s AR i DR s g
(5 g+ ") ( RiFEZIER) .,

1.2 IR

AR T B R A8 (B —fE R A R A
A),DHPI162A ) 5 K AUHE R 47 IR 35 92 47 ( LR
SR AN A 1 3 A PR W), TS-211C) 5 8 75 I
vhas (BB R R G A PR 24 7], SK250LH ) 5
e WAL (R GEAGE— , XSP44X.9) ;2
#1145 HPLC {¥ £ ( Shimadazu, SPD-M20A PDA);
il 7 HPLC {34 (Waters, 2545 ) ; 5 B 14X
(HR-ESI-MS, Agilent, 1290 HPLC-6224 TOF MS,
I3 HEE =20 000) 5 i 78 A AN (b3 0 5 AR AR A
#ir] ", RE3000A ) ; S A2 il #5 €435 A1 - YMC-Pack
ODS-AQ column (250 x 10 mm, S-5 pm, 12 nm,
SYEIRIE 2.5 mL - min ) 5 IE A A 5
YMC-Pack SIL-06 column (250 x 10 mm, S-5 pm,
6 nm, 5} 4.0 mL - min ") ;AR IR P
Y ( Bruker AM-400 spectrometer) .

1.3 EHHIBEETE

A4 AR B R A o TR e AR B T

K R R T, A B, o A0 AT B A o

A% 10 mL JCRE#EK H) 50 mL JC R4, AR
RIS G B R R 1071072 10 70 R [l B
3300 I B K TR A T A i BLZL L PDA A
YPD 3 B RS F5 5L b, B BEAE A i 3 A
170 IRATEFI AR B E T 15 CHEFRAE 3 5%
g2 3 ~ 4 TG K EV  WHE T I R AT
O3 BRI G VR H i 2 A N B 7 3k b Rk s 4l
E F, BRI MAE K. P ER - RER
NIF7 , RRARAE T YPD sl IR L1 AR} I [EA 15 57
BT 4 CURFE AT IR 55 1 30% 1y H il Ok
Tl T —80 CHyUKAAHAT IR SR E 4 3
WA SR Ik 2 B35 A E AR AR A
Al AT — A .

[i) B85 K T O 2R 8% A 45 M RHE AR A B
AP EMARE 7R L, 28 CREFRAE T RE 9 3 ~ 5
d, A2 3B UL 58 TR 22 T A8 R A, I s 75 T8
AR KN B T AR AR R A T
YRS, HSH A M i iR sE
X RTINS
1.4 BEHRRERIG=Hr BN
1.4.1 AR KIR

NJF7 k4R AE 2 H 50 mL 45 (WA S
mlL (1) YPD JR ARG FREL)  FEIRTE R 27 C R FR10G
b5 ~7 do B4R NJF7 kR 22 2 1000
mL = ffE (A E 500 mL YPD J{REEF758) &
F20 C160 r - min~{HIRFE KRG FRA K EERE
725 d IG5 RI M AW . ¥ AR R H%—
LU RIRE A YPD WARSE SR AL 2 L =
Hr, 76 20 °C160 r - min ™ fE B RS FR A P K T
e, AR B IR RER 2 35.5 L,

1.4.2 RBRHF-HWHRRLS 5

NIF7 Ptk &Ik 35. 5 L A I =1 M e 1
HE(EAR 18 em) MY UEARITZS Fl g 70 0 TR 22 4 F
HIAMIE RS 73 o W 221K BT - 80 C kA ¥
7,48 h J5 U T 2 IR AR R, R e KU 3
L ) PN TR PR SE TR P T e i P R B, 4% 4 B
2 R AR LRI R . AMEIR Y 35.5 L,
1.6 L W55 H 200 mL 1) /R LBRAIIE T
PEACHUAS 2 IR, TR e 45 1% LR S TR 0 1B
157.3 g, IE TEER MR 19.0 g, LR CBRHAR S
SR 2 AR BEIAR AR R A O, U 163.2 g,
FH 650 mL {2l 7K i 5t 43, B 325 mL (9417
Mk . LR TR OE T B3 Fialfl a5 2 03 Ik AL
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MRE10.5 g3 LR TR I 0.32 g; IE T g 40 fERF IR (B) LA 1,

TR E 58— WIE TR /4L 31.3 g, FLTR NIJFT TR 4 i TR VR B 8 R B {0
LR TR 57 4 Sephadex LH-20 BEMCAE 43 BB 22404R T8 BB RVA B0 WA 8 i o 2k

29,3t TLC R s A 2 B 45 2] NJF71 ~ VI 7
W43 NIFTL B4 22 Waters 1E 1] K il £ , i sh AH
KR ZFE-A7 Bk, NIFTIL 38 43 a5 ik 5 4
Ila A1 IIb, % 5 Fi ] HPLC # 4%, & 64> HPLC
BRI AR A AL S LR 1,
FH MCI 4015 1E T W43 - i 1000 mL 7K 3

Jii MCI A= 4 MAERFR, J5 FH 400 mL HIEE: /K (V:

V =10:90) ki, B2 b B R AR 4 I KA
FHJiEE: 7K (20: 80—50: 50—80: 20—100: 0) FE M,
MR FE PRI W A 1000 mL, YRR R
WA FRTE i 25 R AR e 46 75 51) 20% HI I [ 50%
iz 80% FH i i1 100% FH 2 4 S4B 4% 50% Al
80% H 3 43 26 2o ik JE 0 B8 ) P 3k HPLC il
H L MR OG- K (OKEF 0. 1% =) , 4%
BRI BE Ve AR Y L AL B LR 2

R 1 3K T B s B AR 5 T 98 3 BRI 5 70
PRI AR ERIE GEBRIE o AR S

BIFTEAE S, Xt B S 36 T b 1) 15 9% e R A 8 OB
&, HHEMERIOEE -2
AR Y 51 5 A W15 B 2 BOHE % GenBank

(https ;//www. nchi. nlm. nih. gov ) #17 F 51 ) 4H
I LB A, SR = AL PETE 98 % 747 i 1R
B, PEIBCEL X 45 58 rp 5 AR B 1 45 v A Uk
SRR R G LT (18 2) .

K& e 9 [R] P51 Be xS o3 A B, TR NDET
5 Aspergillus | FP A, sydowii (KX958084. 1)
MR G, N 99% , 5 A. sydowii (JN851025.
D TER—BT . M6 H e &2, B
NJF7 Shy i B Aspergillus sydowii
2.2 RGRBFYMWEETER

MERE NIFT @G35 B b o e AL & 9

2 Qd: -_ S RSN
BRI A 439148 HR-ESI-MS |'H-NMR 3505 ik, %5 7
2.1 EMEELR Hrp 13 MeaW. 4t 3,
fih 2 & 1 Al NIF7 78 d I 015 J 5L 1 57
R1 ZBHRIZEEWMIBERREFRELEY
Tab.1 Gradient elution procedures and compounds of EA
Gl 97 ) FrEL 957 ) FrEL 97
SYBTIRA ETIF'J (}luﬂ]*ﬁ_klﬁﬁ‘] way s ETIFJ ﬂmd]*ﬁﬁtfﬂ waw s BTI{JJ (}luljﬁﬁhﬂﬁm ey
. min Mobile . /min Mobile . /min Mobile
Fraction . . Compounds || Fraction . . Compounds | Fraction . . Compounds
Time phase ratio Time phase ratio Time phase ratio
0~5.00 30% 0~2.00 25% 0~2.00 20%
. 9(14.73 min)
12,00 50% ‘ 2100 50%  §(12.52 min) 21.00  50% '
NETE 5000 700 M7\ 22,000 70%  5(14.03 min) | NJF7IIL 2450 80% 1282"1‘2 22;
26.00  95% 24.50  70%  6(16.43 min) 2500 80%  2(23.27 min)
25.00 25% 27.50 20%
x2 ETEBIGEEHEFRERULEY
Tab.2 Gradient elution procedures and compounds of n-butyl alcohol
0 It = SAl: P
e S A L R YR (T 7 MR WIERL
X min obile . X /min Mobile .
Fraction - . Compounds Fraction - . Compounds
lime phase ratio Time phase ratio
0~2.00 20% 0.01 28%
27.50 30% 1(6.24 min) 15.00 30%
- . . 3(10.80 min)
50% H s 28.50 70% 12(18.69 min) 80% H i 26.00 55% .
. 7(12.45 min)
29.50 70% 4(8.25 min) 27.50 55%
30.00 20% 28.50 28%
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Fig. 1 Colony map (A) and optical microscope diagram (B)

Aspergillus sydowii(KY828886. 1)
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Aspergillus sydowii(JN851025. 1)
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Aspergillus sydowii(LN898720. 1)

Aspergillus sydowii(LN898719. 1)

B2 ETEK NF REEMEXEK 18S rDNA MEHRE R B R
Fig.2 Neighbour-joining phylogenetic tree based on 18S rDNA gene

sequence for the position of strain NJF7

&Y 1R E AR K, HR-ESI-MS 545 1 1
BT ETIE m/z261. 117 7([M+H] ", i1+581H
H261.116 1) 4R HA4r 730k €, H N,0, . H-
NMR ( pyr, 600 MHz) ¥t 4% a1 F: §,1. 53 (m,
2H), 1.81(m, 1H), 2.13(m, 1H), 3.29(dd,
J=14.7,6.3 Hz, 1H), 3.36(m, 1H), 3.58(m,
3H), 4.09(t, J=8.0, 8.5 Hz, 1H), 4.52(t,
J=5.2,5.5Hz, 1H), 7.08(d, J =8.4 Hz,
2H), 7.39(d, J=8.1 Hz, 2H), 8.58(s, 1H),
ZALA YRS 5 SR [ 23 ] 4GB — 30, e &
1 25 %58 A (IR - B =R o

A1 2 3% 5 A0 K , HR-ESI-MS 545 )
B TIgEm/2350.1499 ([M+H] ", J18&HE
4 350.146 0) , #/R HAr 2k CHyN,0, . H-

NMR (CD,0D, 600 MHz) ¥4 41 F :6,2. 61 (dd,
J=13.4,6.3 Hz, 1H),2.83(dd, J=14.5, 5.7
Hz, 1H),3.03(dd, J=14.7,4.1 Hz, 1H) ,3.51
(dd, J=11.4, 6.6 Hz, 1H), 3.58(m, 1H),
3.65(m, 3H), 3.90(m, 1H), 4.18(m, 1H),
6.60(m, 2H), 7.04(s, 1H), 7.07(m, 1H),
7.13(m, 1H), 7.17(m, 3H), 7.35(d, J =7.9
Hz, 1H), 7.60(d, J=8.0 Hz, 1H), %ik&Y
B 5 SR 24 T HE— 20 b &) 2 ditg %
FE R (A IR TR ) o

&Y 3 B ARy, HR-ESI-MS %45 H i
NTETIEEm/2245.1279 ([M+H] ", {5 1H
J5245.121 2) 2R HA 7Rk €, H(N,0,, H-
NMR (CD,0D, 600 MHz) ${# 41 F :5,1.25(m,
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Fig.3 Structure formulas of compounds isolated from NJF7

1H), 1.82(m, 2H), 2. 11(m, 1H), 3. 18 (m,
2H), 3.38(m, 1H), 3.55(m, 1H), 4.08 (m,
1H), 4.46(m, 1H), 7.46(m, 5H) ., ZLSW
Bt 5 SR (25 [ 4ol — 2, ik &9 3 4tk 4
BN (IAR-ANEAR)

G 4 A KOIRY) , HR-ESI-MS 3545 1 i
ANFE T m/z211.1419 ([M+H] ", HEH
211,140 2) 4R HA TN €, HN,0,,'H-
NMR (CD,0D, 400 MHz) (44K :6,0. 97 (m,
6H), 1.56(m, 1H), 1.67(m, 1H), 1.77 (m,
1H), 1.92(m, 2H), 2.02(m, 1H), 2.33(m,
2H), 3.48(m, 1H), 3.56(m, 1H), 3.83(dd,
J=9.7,6.0 Hz, 1H) , 4.26(m, 1H) , Z{b&W
B 5 SCHk[ 26 | HRIE—BC, b 59 4 S5 5%
SE R I (A IR -l 2R ) o

51 5 e 608 B K, HR-ESI-MS %
PR T8 Tl m/z 286.155 2 ([M+H]*
A 286. 151 1), & H A K
C,sH,,N,0,,"H-NMR (D,0, 600 MHz) (484 F
8,0.13(d,J=7.3 Hz, 2H), 0.69(d, J=7.3
Hz, 2H), 1.33(m, 1H), 3.34(dd, J=15.1,5.3
Hz, 1H), 3.43(s, 2H), 3.54(dd, J=15.0, 5.4

z, IH), 3.77(m, 3H), 4.56(1d, J=4.6, 1.7

Hz, 1H), 7.24(m, 1H), 7.29(m, 2H), 7.55
(d, J=9.3 Hz, 1H), 7.74(d, J=6.7 Hz, 1H) ,
ZACEWPEEE S SR 27 1 HGE — 2, e &9
5 ZER % I (AR E R

5 6. B A8 K , HR-ESI-MS 515 )
AT BT m/z 300,184 1 ([M+H] ", J1E/(E
o4300. 166 7) 48R H 573Xk €, H, N, 0,,'H-
NMR (pyr, 600 MHz) 4% 41 F :5,0. 83 (t,J =
7.3,7.5 Hz, 3H), 1.10(d, J=6.8 Hz, 3H),
1.18(m, 1H), 1.56(m, 1H), 2.15(m, 1H),
3.72(dd, J=14.5, 8.1 Hz, 1H), 3.95(dd, J =
14.5,4.6 Hz, 1H), 4.19(s, 1H), 4.77 (m,
1H),7.28(d, J=1.1 Hz, 1H), 7.33(m, 1H),
7.53(s, 1H), 7.60(m, 1H), 8.11(d, J=8.1
Hz, 1H), 9.10(d, J=26.0 Hz, 2H), 11.98(s,

TH) o ZALS e 5 50wk [ 27 - 28 [ 4l — 2%,
UL &1 6 25k 258 3 (7 A IR-(0 &

M2) o

EY 7. B AH K, HR-ESI-MS %15
WENF BT m/z315.169 3 ([M+H] ", i+&
fH 4 315. 141 2), £ 8 H 4 F A K
C,,H4N,0,,'H-NMR (CD,0D, 600 MHz) %3 4n
T:8,0.98(m, 1H), 1.50(m, 1H), 1.70(m,
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1H), 1.99(m, 1H), 3.29(m, 1H), 3.48(m,
1H), 4.02(m, 1H), 4.43(m, 1H), 7.03(m,
1H), 7.11(m, 2H), 7.35(dt, J =8.2,0.8 Hz,
1H), 7.59(dt, J=8.0,0.9 Hz, 1H), ZkEW
R L SCHR[ 29 1438 20 (R T AWt IG -t 21 )
e Z — D EH G b 59 7 451 %
FERNI (B BB ER) o

& 8. Mk A, H-NMR (D,0, 600
MHz) 548 40 7 :8,3. 43 (s, 2H), 6.48(d, J =
17.2 Hz, 1H), 7.02(m, 2H), 7.64(m, 3H) .
ZACE P 5 SOk 30 ] B — 30, H ik &)
8 LA U A8 R N RS N A IR I

G 9 R E ARG &, SAniE s VEXT IR
YTEAE W R PRI E

G 10 8 470 % JE B K, HR-ESI-MS %
1B HWESYF 5 F I m/z 138.089 9 ([M+H] ",
THA(E O 138. 087 4), 2 x H o+ X H
CyH,,NO,"H-NMR ( CD,0D, 600 MHz) %% ## {0
T:8,2.53(t, J=17.7,7.6 Hz, 1H), 2.80(t, J
=7.6,7.7 Hz, 1H), 6.69(m, 1H), 7.02(m,
IH) . A& YEHE 530031 ] i —3%, Mt
G 10 G50 508 XTI HER S

G4 11 8 AR 9, HR-ESI-MS %45 3
W FIEm/2122.0966, ([M+H] ", &
{EHN 122,096 4) , $#2/R H 5 T3 CoH, N, H-
NMR (CDCl,, 600 MHz) 3 #& 1 T :8,2. 71 (m,
1H), 2.98(t, J=7.7,8.0 Hz, 1H), 7.23(m,
1H), 7.31(m, 1H) ., ZAEWEHE S SCH[32 ]
HE—2, H b 590 11 G505 08 R O o

A 12 @R, ' H-NMR (CD,0D, 400
MHz) ¥ ¥ 40 F:6,2. 56 (t, J =7.7,7. 5 Hz,
1H), 2.80(t, J=7.7,7.7 Hz, 1H), 3. 62 (s,
IH), 6.67(d, J=8.1 Hz, 1H), 7.00(d, J =
8.6 Hz, 1H) . ZALG YR 5 3CHR[33 [ 4kiE —
B, I G 12 S5F9 55 0 N-H LIS

B4 ¥ 13 Jo 4R & R, "H-NMR ( pyr,
600 MHz) 542 an K :8,2.82(t, J=7.9,7.5 Hz,
1H), 3.08(t, J=7.7,7.7 Hz, 1H), 3.57 (s,
3H), 7.10(d, J=9.4 Hz, 1H), 7.26(d, J =
5.7 Hz, 1H) . ZALE YRR 5 30k 34 [ 4 iE —
0, AW 13 Z540 50 S R A2 200

3 e

il 5 NJF7 JEAS PRS2 75 R B R W8 0 Ji 3

AW o B B S — PR A R B TR R U
HAE T 13 MU A, LB W A 2
AL ZENRIE (1 ~7) J5 &R (8) JEWIIRE (9 ~
13) . fbEW 7 ¥ (A Bt f-t0 212 ) (RIR I
40) BN BB BB R . FRIRAE S KR
Yy —2 3w B AR TR Bl ATE R B A
FOE g v, 7 LA AT TRV 2 AR 4 P AR
A= P A KA S IR S Wl T
AR PR D0 B S A I i A 2
FEERE Bl A 2 X 1929 K-562 Al
HeLa #fi ifs & H A 8 55 09 B 34 58 1 240 B 75 1F
M. BHETE BB IS4k
ook B T, FoA PR E T AR
—SEREIR IR IR S AR A B T R T . AS Bt
GRS 05 B R AN A WA S R B
Gy iE M, il anfb & 9 12 W1 LUK B W R 1 R
I, FEARTR R (25 g - kg ™' Bb sk T AR A5 B KA
BROHTE o GRS Y T BT Pk 4k SR
o

HIE a0 NIF7 IR GARH = P it o, &
I AT E IR AU = P Fh s G —
WA AN I, G50 LR A AL & W oK e w3k
15, AR — 20T AL & Y G i e . X A]
REf TASC S R T YPD —Fh Ak st 57 3k H
BSR4 LU B T A B . 5 R DA SR JE b
HRUASIE TR HEATO0AL , DL IAS B 4 R 5 #00
BABIEAEYE NG 2 A4 &
HIS AR 4, RUT 2207 7 it 4 vh 2% 4 4 ik
PR 20 5 s 43 85 31 11 A 3R KL 48, 78 LU )
5 AT L 2% 1 2 g ik DR 41 2 R v
BA YNGR /I3 7 Bl LU 48 55 2 i
TE] B2 7o A B RR

SE Lk
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Isolation of Aspergillus sydowii NJF7 from
Euphausia superba intestines and study on its metabolites

CHANG Junnan'*, LI Lingzhi'*, FAN Chengqi'”*, HAN Qinghua', HUANG Hongliang'*,
MA Liyan"?, LU Yanan'?, LI Yueyue'*, TIAN Xiaoqing'~
(1. East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China;
2. Key Laboratory of Oceanic and Polar Fisheries, Ministry of Agriculture and Rural Affairs, Shanghai 200090, China;

3. Key Laboratory of East China Sea Fishery Resources Exploitation, Ministry of Agriculture and Rural Affairs,
Shanghai 200090, China; 4. Shanghai Ocean University, Shanghai 201306, China)

Abstract: Antarctic krill ( Euphausia superba) are rich in DHA/EPA , phospholipids, and a variety of active
psychrophilic enzymes, etc. Intestinal tract of E. superba is an important organ for digestion and absorption.
There are numerous intestinal microbiotas with complex structure, which are relative to nutrition metabolism,
genetics, development and evolution, immune defense and other important life processes of the host. Some
scholars found that there were a large number of new species microorganisms in the intestinal tract of E.
superba. Then, the secondary metabolites and biological activities of these strains were studied. 48 compounds
were identified and found to have various biological activities, such as anti-marine virus, anti-marine pathogen
and anti-fouling. Therefore, it is necessary to study the general biology of Euphausia superba in order to
extremely expand comprehensive utilization of this resource in China. In this study, the secondary metabolites
of a valuable fungus strain obtained firstly from E. superba were studied. First the fungus strain was isolated
by serial dilutions and plate coating method in which different antibiotics were added to Rose Bengal Agar,
PDA Broth and YPD Broth selective media. Then the fungi were subjected to batch culture. The metabolites
were separated and purified efficiently and rapidly by TLC, column chromatography ( normal phase silica gel ,
C18 silica gel, MCI, Sephadex LH-20 gel ) and semi-preparative HPLC, and with combined modern
spectroscopic methods ( ESI HR MS, 1H-NMR) , their structures were identified. The strain was identified as
Aspergillus sp. NJF7 by the homologies and genetic distances for the ITS region and 18S rDNA-ITS sequence
analysis. Thirteen compounds were isolated from Aspergillus sp. NJF7, which were elucidated as cyclo ( Pro-
Tyr) (1), cyclo (try-tyr) (2), cyclo (Pro-Phe) (3), cyclo (Val-Prol) (4), cyclo (Val-Trp) (5), cyclo
(Ile-Trp) (6), cyclo (GIln-Trp) (7), methyl p-hydroxycinnamate (8 ), wuracil (9), p-hydroxy-
phenylethylamine (10), phenylethylamine (11), N-methyltyramine (12), hordenine (13). Among them,
compound 7 was isolated as a new natural product for the first time. The bioactivity of cyclopeptides including
antitumor, antibacterial and antifungal bioactivities will be further studied. The secondary metabolites of
Aspergillus sp. NJF7 were mainly aromatic acids, alkaloids, and diketoperazines, and their structures were
relatively simple. There were many factors contributing to this result. The fermentation medium used in this
experiment was one of the elements. The second was the culture condition. Therefore, in the future, the
medium types and culture conditions will be optimized in order to obtain novel compounds with better
biological activities and even natural products with prospects for new drug development.

Keywords: Fuphausia superba; Antarctic fungi; secondary metabolites; isolation and purification;

identification structures



