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Abstract; Endophytic fungi are good sources for exploring high diversity of chitosanase and discovering new enzymes. In
this study, chitosanase-producing strains were screened and identified from 122 endophytic fungi associated with citrus
and Stephania dielsiana, and the factors affecting the activity of chitosanase were preliminarily studied, in order to pro-
vide an experiment basis for further study on the enzymatic properties and the interaction between chitosanase-producing
endophytic fungi and host plant resistance to diseases. Two endophytic fungi Stdif9 and Stdif9-4 were found to produce
chitosanase by transparent circle method and liquid fermentation method. The highest activity of Stdif9-4 (0.968 U -
mL") was significantly higher than that of Stdif9 (0.780 U - mL"). Stdif9-4 was identified as Penicillium sp. Stdif9-4 by
morphological method and sequencing analysis of ITS gene. The factors affecting on the chitosanase activity were studied
by DNS reagent method. The results showed that the chitosanase activity reached maximum at 96 h of cultivation. In addi-
tion, among the nine metal ions, Mn™* and Ca™ had obvious activation effect on chitosanase activity. Ag*, Zn™*, Cd*",
Ba®" and Fe* had different inhibitory effects on chitosanase activity, and Ag" showed more significant inhibitory effect ,

while K™ and Na” did not show significant effect on enzyme activity. There was no significant differences in enzyme

activity between different cultured generations, which indicate that the enzyme activity is stable.

Key words: plant endophytic fungi, chitosanase, enzyme activity, Penicillium, Stephania dielsiana

H 1973 4F Monaghan et al. (1973) B /CRiE T
ST R ( chitosanase ) J&—FHAS[A] T JL T 52 /g 9
itg LASK , e SRR i 1) Al 55 0 9 © 0h H FITRY
WAL SERBERE A K IS TL T o, (HAE A 7K
itk 5 4 i CIEAL R e SR, B LU oA 2 T —
PEAK Lt 7e M B I, F 2T T 5 W AW
HIPI (B 645, 2018 ) IR, KR AFSE RN,
FCRMETE AT LAVE A AR B ia ), 68 B2 v Al ) i B
REJT, S A RE R [ A 8 IR A S5 2 B UTAH G, 78
ISR R 78 25 rp A R0 RN B 3R 55 J T i 75 1 22
HI4E H ( Kouzai et al.,2012;Thadathil & Velappan,2014;
Radhakrishnan et al.,2017; £ & % %, 2018) , 1L 4F,
HOK = W) 505 A UG UM el e ik
P CV G A 2 R R 0 A BRTE PRI D BE, TEBE 2
B A AU b B TR T B (Aam et
al.,2010;Park & Kim,2010; Jaiswal et al.,2019) .

AN TR A A U5 ) 5 3R W Tl ) Ao 2 B P o R
ABRES, HYNEEEZRRA MR
W K % BT I 1% 9% R )% (Rajulu et al., 2011;
Venkatachalam et al.,2015) ., HAJ, ¥ N4 H
W o RBERG B S ATS SR D . YN A B A T
TE A T s b i 5 — B B s 4 8 i Be A= 17 TE fil B

YA SR LN TR 51 1 EAE 7 A ) s
FREAR 5 A ) B IR 9 KR (Abdalla &
Matasyoh ,2014) ., Rajulu et al. (2011 ) 7 K M fiti 4
R PN A LT 0 R 7 LT o A8 o i Y R PR, K
U 37 % B N A= FL I AT 77 AR 22 Fh 2 B 52 SR OB
fitf , Venkatachalam et al. (2015 ) M\ i & Fl i 5 (1)
117 BRI A ELBA & 30 419 1 TR B 77 A 1) 5 R b
Mg T 7K A L £ T BE S 56% 114 5€ BB, 66% 1Y T Bk
o Y e SRE I AT K i B £ TR R Dy 38% 1 5 R
W, 56 % 1 T8 1k 7™ A= 114 5 58 W Tl T K A i £ Tt
H1.6%895¢ F B, Rajulu et al. (2011) fl Venkat-
achalam et al.(2015) FYHF5E ¥4 & 8K I8 F A4S [ A
Wy #) [5) 7o oA A TR ) ol LA o R AR

Y S AN R, MEEL, WHE
Wy N A LT T 5 e SR I T R A R T A
TR 2 00 7c BB, 1ok A F T K fig = 4k
ZIA RSB B SEZEME , Rk BE 240 e i T
b SRS B A MBI, ASBIF 50 DA A R I 1 55
[ 122 R N AR ELBA b T 8 7 7 SR W Tl 1Y TR PR )
WSR2 O IS 2k ik — D W5 H
FARERI T BE W EA o OB N AR B S 1
W) HAE G R 55 B8 58 R4l
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1.1 BYHNEER

122 BRAEY N AE BB R T G IS K A 2 i
J[ERDILERY/IE R E7 R S ks G =i i IR M e e
Az 25 52 5 5 T 3 DA fE R M A7 ( Citrus spp. ) 1 IfIL X
% (Stephania dielsiana ) fH AR 153 215 5], 4G HE
iR BT PE AR (110°19744” B 25°16'13" N,
110°16'36” E.25°11'5" N) A& (111°1'18" E,
23°29'46" N) ; L HCE R A ) PR 4 75 515 A
A8 (109°5934" E 24°16'10" N)
1.2 SR F

TS B TAES ZHIH-CL112C, iR
I T B R A6 TR O 28 28 BE T R O TH IR R R
LYZ-2102C, bR BR s 2B 9 W 758 DM3 000, 1 [
AR 3 AT WO BT UV-1 200, 1363
ko FEEZY AR DNS IR (A SR E )
FERBE (7 F i 29 7 LB 95% , 1 H Wi &
M SE R AR A W) | EhRR W (M A 74 B
LA A BR AT, A A A B (0 BV P B B
ARRATE), &R E T (I HPEF Na® K,
Ca®™ Mn* Zn® Cd* Ba® Hl Fe ¥ 5 Eh, Ag™ N
AgNO;) ,
1.3 EFE
1.3.1 B3k T A AR IR O A7 2% 1 %
) 5 S5 1 1 T RIS B SR FH T A 2 4 B B IR
KR EL(PDA) LR H 55 20% , % WE 2% , 3
g 2% ,pH 7.0,121 °C {5 ¥ = K B 20 min,
132 #F A FFRE 131, 00N INBHE.,
133 R Eimiatkiza it SHKE
(2005) B 753k, e il 0 T 52 0 75 S i R 5

A W5 1% IR FER NS, pH 5.6, B 414y bk
¥ 0.1%, K, HPO, - 3H,0 0.3%, KH, PO, 0.2%),
MgSO, - 7H,0 0.14% ,NaCl 0.1% ,KCl 0.1% , CaCl,
0.02%, Bifi§ 2%, C 445y, + 5 i 20%, % % H
0.2% , 5 F110.5% , B§ 1 0.2% , BERHR H0.5%,
pH 5.6, Vi1 A B . C A5 5 K, Hrph, ¥
A B P RAF R FRIR B A5 0 A S 52 0 8 A
C PRIV TR AR FRUR A 45 52 0 VR A R e B R 0

1.4 7= 7 R VEER B HK 5 1
1.4.1 s (BB *MmiL) G TEGS,H
TREATALA ( ER 4 mm) 75 E 76 10 B9 4 A B3R TR
P& IR D, e 4 22 0] 0 B 7 P AR b B L4
1 EDE, RE 3 DELE, T 28 CHiF, R MWL
FRRA R AF O, IFAE A B W B ™= AR B, R 748
S DN £ A 75 BH P LA (D) MR % ELAR (d) i
SEBRIEIA I D/ HefE L Pkt e i R
BRI IR | 0E— 250 B A TS T BT
1.4.2 50 FEETAEG ™, M2A 100 mL Ff
TR FR 0 =0 (250 mL) T 3 Helm AL i
PERE 3ANELE,28 C 150 r - min " R H R 3
d, SRR, WA R 2 mL FP T4 A
A 100 mL & i SR L0 = A (250 mL) b, 3%
B3AER,28 C . 150 r - min ' PRIGHFE 3 d )T,
W72 5¢ SRMEIETEG 7
1.5 BHREE
KSR 0 T2 I k5t =7 8
WEBG TR AR AT S5 08 . TEA S S AR 2 2
I ARFEIHREFE R (CA . PDA .CYA & G25N) XF N 4
HWHITHER, SH(REEE T (B,
1979) (P EEFEE) (FLE L, 2007 ) KA 5 Sk
XPHIEAT R S, S AR B 3 TR T K/
B AEKHER DGRHE H K IR TS,
DL DA V5 AE AU T R REAE (AN B 2245 TC o B L4y
LIRS RN PR IR RS ) o o T
A A s TR PR R R A% AR W) FE tDNA 1Y
ITS DX B BAG RS PR FRE S50 7 90 0 R D LR
WG4 ITS1 A1 ITS4 334 o bk ITS Bl 3% 7 91, 2%
FEAL IS B AR FE B A R 2 5 3 432 w3
TR 26 Ak Ky o o AR A B 45 R 5 NBCI
B e i 51 64T BLAST F X, 6 A0 0 3 %5
B RGO AT B W AR L X, IR MEGA X 3,
X ITS B8 3 7 51 #4715 2553 M7, Bootstrap #E17 H J&
UCECR 1000 19805 BERT I, AR I R 40 k& W i
B R X TR AT 702
1.6 EREHFHNE
1.6.1 BAF Hirfnik WAL 0.863 g &
S AR R AR (105 CHEEEE) , B T /R
o R ZE R KR T R B A R, 2R
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MK EFRZE 1000 mL, B4, BLdil % 4 pwmol « mL!
RILHEPEPRE T, BT 4 CUKF RIS,

1.6.2 R AH HHizewmEed W6 LuEEHm
10 mL 3% KM A 0.0.2.0.4.0.6.0.8.1.0 mL
WRE N 4 wmol « mIL™ (1R 28 F6 5 A0 M AR v VAT, 240
MK ZE 1 mL, B2 41 A 1 mL DNS 3205, A
100 C /K H B 10 min J5 BUH . B G, Nz
MK EAR R 10 mL,IRA) . 7E 520 nm P KAE, VIO
AR T AN W At A U TR RO
A 3 I, THE I S OB E R A E

1.6.3 DNS skl w R 4B & H B H Wi
(2007) FIXI] B 45 (2009) B 7 ¥k, HAAR £ 4E
T HE,H0.5 mL A RE LA 0.5 mL 1% ik
FERBE W, 7€ 50 C F AR 60 min, 2RJ5, ik
FHOIMA 1 mL DNS 52 0k W, I35 23k 7K o
SN 10 min, W45 HE 3 B R K #E1T BRI
BeJa , sl Hr 4 B A ZE 18K 2 A T AR R
10 mL, DA 2R 0 A IRV Skt R 430
JETHI i 520 nm A0 MO AE (0D, ) , 13 48 22 2
A AT i 2 5 R T B L GT I 1 2 i A 4 b
WEE 4R B A SSRGS ) TS ) = (0
FE 2 B 38 D i — X HERE 21 A9 388 SO i ) X 2 (Ff B
f5%0) 760 (BFIR]) o BE J0 8 SR B2 T+ R e TR 1
S0 AE 1 wmol I8 TR BT T 1 I oA — A BT )

HAL(U),
1.7 E# Stdif9-4 =g gh £k M E
S B RERF (2012) B 777, 1718 2K

KRR 1.4.2 WERVE D7 i B Fh 4% A 250 mL
=R, AR 3,28 °C 150 ¢ - min PR
F5, 0 0T 24 48,7296 120 h HU K BE R B O
(4000 r - min™, 15 min) , #08 1.6.3 % E L
TH WS 77 .
1.8 £ BB T E Kk Stdif9-4 BEiE 51 KIS

A3 EC e BE R 100 mmol - LA 4B B T
(Na" K" Ag" .Ca®* Mn* Zn* Cd*" .Ba®™ il Fe™)
W, ORJE A R A 0.5 mL & B IR 0.5
ml. 19 I RFE RMAE WA AE PImA Lk &8 5
TIEW 0.1 mL, %08 1.6.3 {75 s & B G 1y, &
AFESLAS 3 AT DU IN4 8 BT 2
XT B ZH il 35 TR 100% , 75 4 I B3 A e 4544 T 1)

S 6 2 il 15 7RG T S O BE 2L 6 S T % L 4] D
RSN 4 )& B F a0 AH X TS D (R AR
2012) . RUAHXT BTG ) = 52596 2H W s /25 0 IR
S T
1.9 E ¥k Stdif9-4 B iF W2 E &M E

R R O 22 A% ARRE % AR, 43 0 AR R
MR 50 SEOBE IS 7, LLH) W B PR 7 S R R AR
FE o MARFRAE I PK Y Stdif9-4 T 22 AT IR AL 1E K
B, 55 5% 3 d BB 00 PDA KR 3R5E N, 8T
MR MRAR SRR 3 d ME NS AR BEE DAt
e, B HAR,

2 HR G54

2.1 SEFEERERLTRE

A AR AR & TRy =
0.164 1x-0.003 3(R*=0.999 1), Hr x & HH
HIMER I,y Ry N [R) Ve J3E 1) 2 ik ) 46 W T Y1) T
JEAA
22 FREHEBANEERGIE

T2 B P i 3l ok K 0 0, ) 20 o 3
Pl B/ TR VR ELAR B R Y 2 R AE LB Sedifo il
Stdif9-4 ( 31325 [ ML HBUE PR ) hy 7 7 RO g 4 4
BB Bk, oE— 2B 00 2 Fk N AR E R Stdif9 A
Stdif9-4 KW (555 3 d) 58 BRI ), 4%
mFE 1R, KEERIE 3 d N AEER Sdify
Stdif9-4 X 95% Bt £, Tk B 7c 5 Wi A7 35 4 1 e Ao A
FH, H 78 RO RGTE 77 43 935 %1 0.780 F10.968 U -
ml", Stdif9-4 5% B M B IE N B E & T # %
Stdif9 7
232N EEB R RIEEE 1 tE

A3 B 2 AR BT Sudif9 Fi Sdif9-4 7E % 5
24 48 72 96,120 144 168 h Ji B 7= BEIG 11, LA
8 L7 5 SROME Wl TG 7 S AR By SR ) 45 SR A 1
Fizs . 2 ¥RAE B AERT 72 h 72 BG4I,
72 h 5 RS T G 0, I A 96 h B RS
F1B B KA, 96 h Z 5 P2 g% 71 1 iR B W R
AT g i AT AEAS TR 1 35 35 B[] B2, Stdif9-4
BRR 72 B G T Sudifo, R, S 4k gk B
Stdif9-4 #4722 AE5E
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Table 1

Two chitosanase-producing strains and

their enzyme activities

BV SIS KRR )
N A L Ratio of transparent Enzyme activity
Endophvtic circle to colony diameter of fermentation
fA Py broth
et (U-mL")
3d 5d 10 d (3d)
Stdif9 1.64Aa 1.59ABa 1.41Bb 0.780b
Stdif9-4 1.71Aa 1.65Ba 1.53Ca 0.968a

I KEFR BT RIRE R 2 S, NS 8 3
Beah R EZRELE, RRAFRAXREREE (P<0.05),
T,

Note: Capital letters denote differences in each row of data, and
lowercase letters denote the differences in each column of data. Differ-
ent letters mean significant differences (P<0.05). The same below.

N

—e-Stdif9 —-Stdif9-4

s 2
© o

BEN

Enzyme activity (U-mL™")

.
IN

e
N}

=]

24 48 72 96 120 144 168
% E4AFi8) Fermentation time (h)

12 BRI A BB ™ 58 SR IR 7 2%

Fig. 1 Activity curve of chitosanase-producing

by two endophytic fungi

2.4 NEEH Stdif9-4 FHEE

KB &2 Mo F AW 5k A
Stdif9-4 FHATEE . S E (P EEFEE) (FLAEE,
2007) ARG BHOE S B (K 2) , Ko A 74 -
A=A B, Bk i b o B 2 1 R A
02 A =X (0 R I e 1 e 11 R = P A (LA 2 97
BOTERIE . 45 A Sudifo-4 78 [R]85 7% 3 B ARG vk
BAR (R 2) MEEIES (K 3) W25 0 E N A B TE
Stdif9-4 } 7555 & ( Penicillium) Witk 4547 T4
Yreg e M T 45 3 5 GenBank w1 7 41 i
17X, RILHE TS J#5Y Penicillium sp. FIFALIPE
Fik 100%, L, # Stdif9-4 % 5E K Penicillium
sp. Stdif9-4( GenBank % 55 A&7 MN238849) ,
2.5 EEBEFAEER Stdif9-4 FZRIEEEE M

TERAE Stdif9-4 57 5O B I 77 5 e 1 & T s

8] (96 h) My BLAl b W %E T 9 Fh 4 J8 25 1 (Na™ |
K" Ag".Ca™ Mn® Zn** Cd* Ba™ fll Fe’*  HRE Y
100 mmol + L) X & J1 0520, 25 5 4n 3 3 iy
/8o Mn™ il Ca® Xf Stdif9-4 Ffr = iy 72 5 B B 15 /1
HAWE WSS EN; B M EH 48 & T Ag .
Zn®™ (Cd* Fe’ Xof o¢ M B 1 1 #0A AS [R1 R B2 1
HIAVEH, Hordr Ag™ B4 il /E F 5 o 5 2 ; KWl Na®
X e SROME Bt 7% 07 TG ik 2 RS
2.6 NEETHE Stdif9-4 7= 55 BHEEETEE 4N E

B A B Stdif9-4 LR kA IE 77 AR, 43 )
U2 AF R, A T YA e 50 W il 0% Pk, 2 00 Il 0% vk T I
EFES(E4), B4 51 RIZE S T

3 W5 &

A i A O AR S0, A 122 R N A
W ER] T2 BT RERE R R, R DB
LG T AW 0 T O b e A 1
AR AT S Ayl R . H AT, AT
Yy VN A LR T U 5 SR OB TR TR PR B T ST D
TSR N TV AR PR P R AT T ( Zitouni
et al., 2017 ; Chien et al.,2018 ; Fukamizo & Shinaya,
2019) 10 H % B 7 B 6 bk K 2 800 5 % R
( Penicillium) 5%, it %5 J& ( Aspergillus) ( ¥ %, 2002 ;
KR 55 0 B 3070, 20045 5L/ ¥ 20125 BB 5K
2015) o ASWTFEI 8 ) 9 7 5 5 W i 7Y N A= LA
Penicillium sp. Stdif9-4 1.4 7 2 J& WAk, 70 25 A
P B 22 A RO AR, e T AN R R R A 52
FWH T ) Bl 2 M A B KR 5, Penicillium
sp. Stdif9-4 FE T 25 Y , HAPIR I A B e 7 2
iAo HL e RO Tl 1) 45 A8 L D) REAT Sl T JHG A B 5 T
R, O 58 SR A £ 26 B 2 oA 1) 2 5 2 1 ) Y
SRR T HE— B E T . AN AN TR B R R RO
[7i) 5 57 B3 TE RS A [ B e 1) 2 A B Tl 1) 5 S A
A A [R5 B2 1Y 52 W), TE R AT 00 0 i s F ey, |y
HT —Fh e £ 5 57 58 X 1R nl g 2 5 2ol i —
TRy o RO TE AR . P, S5 )R] 22l 2
e A B IR L AT

R TR I T) ) 56 SR Wl % 1) A7 & 520, Peni-
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Table 2 Colonies morphology and growth diameter of the active strains
VR FRE
g dk Colony characteristics iz
Culture Diameter
medium W R E B S HEE LS (em)
Frontal morphology of colonies Background morphology of colonies
PDA WIRRIE A O, By R, D FELOFR, B FB R, WSS Oy g e, B 4.29
NGEETE A i R L R
White colony surface, short villous texture, a few con-  The color around the center is darker, and the sur-
centric rings, neat edges rounding color of the colony turns to yellow-green,
with a transition concentric ring
CA (R E SR PSP T B NSUE <. S1d ERERCY gl 4.00
White colony surface, short villous texture, neat edges ~ White to light yellow
CYA BVA R 5 6, B B, A KRR e, A D RO BN, RSO AR, A R 3.94
WL, 585 ENRINE £
White colony surface, short villous texture, a large  Yellow-brown, with a few dark concentric rings and a
number of radial grooves, neat edges large number of radial wrinkles
G25N  RERMEE A G, By SR, g HsT e U Sule Sl 2.69

White colony surface, short villous texture,, neat edges

Yellow-green colony with white edge

T LB MBI Sidif-4 7E ARG IR0 B3ESR 7 d VTSR,
Note: The above is the colony morphology of strain Stdif9-4 culturing on different media for 7 d.

Bl 2 A B Sdif9-4 76 G25N B2k I
97 30 d WRHOES A
Fig. 2 Microscopic morphology of strain Stdif9-4
culturing on G25N medium for 30 d

cillium sp. Stdif9-4 j~ 52 MR I 7EHT 72 h B
1,72 h J5 B E I i, IR 96 h A Ik B i K AH, B
JE B EREAR . X 5K (2018) LK ¥ 5 (2016)
HAE W25 B AL, 5 Z AR Y, AR 2 R 2E T
(2000) A 37 WS 7 5 e I, 15 3% 00 s T Al
BT e KOF IR 3 d R aE E IR B ]

DN T BE DA O A R B, 1 R kN B9 3R W
For, AR R B B, AR K 1Y 58 OB, J5
HT 58 % W o 0 il 2D R TR AR R A T e SR b
A7 A A B 22 80 (REWFIF AR, 2018) o AR STAX AT
GE T SIS )X 5¢ R % 7 0y s, e b it B
FRELA B R T (AR IR R AR ) LA S s 3R S5 A
(AN B2 pH %) 45 TR 3R o 349 m) 52 ) 5 2R A i 0%
T3, J5 AT A B PR 3R S 0 5 5 I A8 S 6 B
TG B A5 AT 25 o0 M, LA A B A R 7 5
ROBERGTE 1 R m p SR

KER 3 7 5 W Tl 7% 1k 34 F) 32 42 JR B 1 R
M, ASWFFEE 8 AR ER A AR AL T 8 Fh 4 Jm B
F(Na* K" Ca™ Mn®  Zn* Cd* Ba™ M Fe’) Ml
AgNO, $2 1tk A", B[R] 4 @ 155 X Bl ) 152
Wi, o, Mn™ il Ca™ X Stdif9-4 ¢ FB% B G 77 B
AR O AR . ALY, BARK S (2015) BIFSE
KA R BT Mo Ca® Xk U T+ MY 7 B
( Penicillium sp. QS7) 7¢ 5 Wi g 1% 71t HA {2 #F1E
HE; 51088 (2012) 4 B Ca™ X 2 8T 1 3 1 75
% (Penicillium sp. M-2) 52 5 Ml 1% 1 B A 1 2EE
Fo Mn® Fil Ca® X K 2 BURUAE H oK 5 1) 5 SN il
I A O A T (B 5%, 2002 788 H O, 20055 B
JF,2006) , Ba™ MIE 4R E T Ag" Zn* Cd™ Fe™*
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VI b AR BE Sidifo-4 FEARTR 3 B R R 7 d VEIESEL,

The above is the colonies morphology of strain Stdif9-4 culturing on different media for 7 d.

Kl 3 Sidif9-4 FEA [5G RAE B R RS IE A
Fig. 3 Colonies morphology of Stdif9-4 on different media

1.4 4
1.2 1
1.0 1 .
0.8 1
0.6 1
0.4 1
0.2 1

*

BESEN

Enzyme activity (U-mL™")

1 . 2 I 3 I 4 I 5
TRBEFRIRE ()
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Fig. 4 Stability of chitosanase-producing activity by
endophytic fungus Stdif9-4
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Table 3  Effects of different metal ions on chitosanase-producing activity of endophytic fungus Stdif9-4

BIERET

Metal ion

CK Na® K*

Ca® Mn** Zn** cd* Ba®* Fe**

AR X B 7

Relative enzyme activity ( %)

100.0c 100.2¢ 101.4¢

57.9¢

108.2b 172.9a 84.5e 85.2¢ 92.8d 74.1f

. CK FRX
Note: CK denotes the control group.
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