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Study on Antimicrobial Activity and Stability of Endophytic Fungus
Apiospora malaysiana from Thamnolia subuliformis in Vitro
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Abstract: In order to explore the antibiotics development potential of the endophytic fungus Apiospora malaysiana from
Thamnolia subuliformis, the antimicrobial spectrum of Apiospora malaysiana against common pathogen was determined
after comparing the effects of six commonly used methods for determination of in vitro antimicrobial activity. The effects
of storage time, temperature, ultraviolet irradiation time, and pH on the stability of antimicrobial activities of Apiospora
malaysiana in vitro were further investigated by using the most sensitive Staphylococcus aureus as the indicator bacterium.

The results showed that there was no significant difference in the antimicrobial activity of Apiospora malaysiana in vitro by
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three methods (plate punching method, filter paper method, and Oxford cup method) (P>0.05). However, the results of the
three fungal inhabition methods showed that the mycelial growth rate method was optimal (inhibition rate of 100%), the
effect of the plate confrontation method was much lower than the former (inhibition rate of only 24.0%), and the filter paper
diffusion method had no inhibiting effect. The results of in vitro antimicrobial test showed that Apiospora malaysiana had
strong inhibiting effects on a variety of Gram-positive bacteria and pathogenic fungi, among which Staphylococcus aureus
was the most sensitive (the diameter of the inhibition zone was 18.3 mm, highly sensitive). In addition, Apiospora
malaysiana also had strong antimicrobial activity against pathogenic fungi such as drug-resistant Candida albicans (highly
sensitive), Botrytis cinerea, and Rhizoctonia solani (inhibition rate of 100%). The results of the antimicrobial stability test
showed that different storage time, temperature, and ultraviolet irradiation time had no significant effects on the in vitro
antimicrobial activity of Apiospora malaysiana (P>0.05), but pH had a great effect on its in vitro antimicrobial activity
(P<0.05). When pH was lower than the background pH (5.5) of the extract, the diameter of the inhibition zone decreased.
When pH was adjusted to higher than the background pH of the extract, the in vitro antimicrobial activity of Apiospora
malaysiana disappeared. The results showed that the endophytic fungus Apiospora malaysiana from Thamnolia
subuliformis had broad and great antimicrobial activity, and its antimicrobial stability in vitro was strong under normal
conditions, which had the potential to be further developed into antibiotics and food preservatives.
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LB Rz, 37 C PR FREK . B 7400 T HGE
o 2 IEDFEE BIEWRE , SR I 20k TR
W PEPHIHE A 10° CFU/mL %5 . K 0w 8 IR BUIR RS
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I FNHE S 100 mg/mL J5 43 HIFE 4 °C VKA #EE
A7 OCXFHRZH) L 3. 7. 14, 21, 28 d J&, RA AT
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Table 1 Inhibitory effect of Apiospora malaysiana on

Staphylococcus aureus determined by three different
antibacterial methods

Tk AbPR2H (d/mm) FH X A (d/mm)
SEHATHLIE 18.3+0.4% 30.5+0.54
AL 18.4+0.4% 30.60.4%
R Y INFR 18.1+0.2% 30.5+0.4%

: R RING TR 22 573 .35 (P<0.05); Ff T AR KRS F il kR 2
SF B3 (P<0.05); #2~F8[A].

2.1.2 RS a0 e 1l UK R
FEANT, IRIEAS RN B T 2 i B EOCR (3 2)),
25 B2 BH Apiospora malaysiana 1€ =Fh I B J7 38
6y v X R A 2 16 ) A TR RUOR EAEE SRR 22 R

(P<0.05), B 224 KOs RIE> PR T IRIE > U 4R 5]

Pk, E%ﬁﬁiﬁﬁ%ﬁi*,Apiospora malaysiana
KPR 0] IR A A LA TR 32 (100% ) 5 3 BHE
X BE S5 B IR B9 A ) 2R (92.9%) , Fi5 ) %F Apiospora
malaysiana KRR Ak S 5125 alifb )5 n] e f5- 3
B 22 nOAM T AE ) 5 S R IIRAR a2 L B R Y
FRALG), OF H AT B85 55 RUIRI B AL 2L (RAAERng [t
FLRAMR YA A AR Y S B R IS 0 i
PRI B B I AE D AB LR, 2R Apiospora malays-
iana TEERIHLER B S BRSNS 2, 32 Api-
ospora malaysiana 8 F¥ & AR FH A8 56 57 19 B R0
JIo D35b, T2 R AR L A PRZE i At 2 T
AT IR A AN R, HF R ] B & Apiospora malay-
siana WAVEFIIE R [A] EOEM BRBOR 1A [6] - 4 i



- 150 - £ Tl B4

2023 4F 11 H

VRORFHL B 427 1 4100 TR S8R e 5 T B T 1 B P AR L 1]
Apiospora malaysiana "W AFAE ) 3223 TE P BT 2%
TAPLEFR, HARTLHk b 52 i1 B8 i 4L
R, BRI Z AN, R 22 A2 33380k v HERR A A i
AR 52, AT IRE: I B S e MRS, SR TR
22 BRI TR HIREE . AR TR 22 B K
AR, PRARIE A ORI TCAm AR OR, SRAE
FHWIRESR M Apiospora malaysiana 2 BEWRAHEEY),
(B BRG] P02 Fh A b A BE T IR T P 22 21 3l
Rk, LIS o O BT MRS R L IEAR G, H
AR VT BAT 50 1 B, X5 B RS 19
LERAH— 2, JRUEACR BTN RN . ZRG BiRSs
SR, BT B g 3 PR A e T v e PR,
PRI 22 A R AR R T IR RIS, P SO AR A i L
SMETE DL, IS S0 0 B 22 4R KR kit —
HIGUE Apiospora malaysiana XJFE 4 E0 B & HO A
MR TE
22 REHIE T ENE Apiospora malaysiana ¥
TR AL 300 A R
Table 2 Inhibitory effect of Apiospora malaysiana on Botrytis
cinerea by different antifungal methods

WiRES SEBA IR (%) BRAE X B 23R (% )
SR X IR 24.0+1.7° -
UEARE 4 ok 0.0£0.0% 85.6+1.6™
[ E2 2258 ST TS 100.0£0.0* 92.9+0.6%

2.1.3 Apiospora malaysiana AN WM 78
IS PRI A T ks e, IR B 1t —
IR Apiospora malaysiana X7 Z2FWEUR AN BE U4
WO AT BRI . T QIR . PR ZR R TR . R
WA ER P . MRSA 8585 22 [CRHME B, FP 28U @I 455 & 4T
[E PN 752 S o AN S I (20 A W I 7 e B = S o
== PRBH M T A S0 BB (U BR T (G 3) . KA %
T8 ISR « ST 22AZ R LA K PR & fe BRI g
PRITHE A HITETE (R 4) o 5 FIEURTEXT Apiospora
malaysiana ¥AE2) i BEEURE, AN BARHEY 4
T (0, 7] 2 BR R > A= R TR > FA g 2 TR T > 1 (6,
SRERA >R I A BER B, R dpiospora malaysiana
FIRYIA T iz B R AR, AT A RERT
PRSI A . B AR ESR0Y B RIS I, AR
XIFE V2  a R 24 7™ 51 114 £ 2 €6, 34 4 FoR 1 o
T2 R DR P R B TR AR S800 BR TR 2 I R A
B P 5B AN, Apiospora malaysiana
R PR RRE B AT 8 =2 UG SRR TR s g AR A
Xop e 22 PR R TCI R ZBOR, F5 IRk SR PR T 2
== [GRH M BRI 4E A RE Fh AT B EERR 454 2B L, 23X
HHMEE S RAZ B, P Is BIH0 B AVE M E& I pa X
S 1A ] PR S R AT T2l AT HE AT 5T #A S e i R 0
A A SRS L, DA 22 [CBRPE R H 258
i 24 [ AR LS . 5346, Apiospora malaysiana
R ERCHH AR XS AS R 40 oA il AR e ST 24 2=

5 (P<0.05), Bl HHAS [FZH TR 14 AR IO RE O3 Ko & A 4
225, BN R ) i BURPEAS R . 5 IR B,
Apiospora malaysiana &R LRI KA A ST
AL RE BN HRIERIE 100%, XIS P A0 AT 1R
SRAGIPHIF(90% ), X P8 IV L AL AP At i T B g 4l
AL T 50%, RUPHIEYTE TR ] M40 71
IO LR Z BIBR SOV TN 1, S AMA R R B
IRA AU HE ] BcPDR1 ] L3 #5905 18 00 4R K
B AEUE 1, HEM BePDR1 AT LIAVE M 9714 K 25905
2T T REARD, SR PR el R T R L
S LRI Y ek IS BN ERSCR, L B
S W SN AV E RS S e B L TR R . 25
I+, Apiospora malaysiana ¥4 %) X5 A [6) 1 ZOw 4H
PR LR A R A R, SR BOT &)™
TSP 25 B AR AR EL R T o

X3 FMIFTLIRINE Apiospora malaysiana H)
PRSI
Table 3 Determination of in vitro antibacterial effect of
Apiospora malaysiana by plate punching method

R Al

ALPEZH (d/mm) PHM:ST IR (d/mm) BUEdE

SEOMAERE  18.3:0.4™ 30.5+0.54 -

WM 17.020.4% 28.7+0.44° +

HL YA BRI 16.7£0.3% 25.6+0.54 -

REWAEIRE  14.6£0.4% 29.7+0.44% o+

MRSA 11.440.3%¢ 30.0+0.54%® ++

FH YR 5 AT B - - -

KIp¥ass K - - -
AR

i FRAE A - _ _

i 4 T T AT P - - -

F TR TR 15.8+0.5% 24.8+0.8% o+
TE: T B/ N T AR T6 mm2y JEITE M, S <=7 TR B AR R
F6 mm/N T8 mmeA IR, 2778 “+7 . KF8 mm/NF 14 mmy )
UK, FR A+ KT 14 mm/NF20 mmoh R BERIURR, FR o T
K20 mm i BERRURR, FoR ok

T4 WA RKECRIENE Apiospora malaysiana 1)
RSN AR
Table 4 Determination of in vitro bacteriostatic effect of
Apiospora malaysiana by mycelium growth rate method

BFh AR PR (%) FH XS R (%)
TSR R 1A 90.0+1.8 93.0+0.6*
i) Z R EAOE Jali] 61.8+1.35¢ 83.9+0.8"°
JRA 1 100.0£0.0* 92.940.6™
SN RLIR 100.0£0.0* 91.8+0.6%

2.2 FBHWERAYEEBE Apiospora malaysiana IMIE
FRE MK

TE 2.1 SEEGLER AL T, 506 DL AU M s 1Y)
SO BRI RN B, 2RI RIS A
ER MR Apiospora malaysiana WIS NITE 161
FEME. VU Apiospora malaysiana J& S5 AN
IS PER) B AR R AR Al
2.2.1 RAFEEFTEIXT Apiospora malaysiana K70 B
EHEsE ANEURAFETEIX Apiospora malaysiana
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RSN TEPERIFE R W3R 5. Apiospora malaysiana
KR YIAE 4 C VKFALRAF 0. 3. 7. 14, 21,
28 d Jio, £ b BRLH ARSI TR v 5 X BRZH A L TS
TR 2ZE 5 (P>0.05) . ULHH Apiospora malaysiana %
PRS2 A BB I RSE PR, I PEY B E 4 °C
B PR R B AW G, & 2B AR A, BRI E R £
77 A A B (o] (A A7 %o A A 1 PR AN 20 il
" o Apiospora malaysiana 72 Vet WK 2 4 £ A7 B [A]
AR PRI S M R P 2 1 A5 PR e

x5 PRAFEFEIXT Apiospora malaysiana PRIMITE
TEHERI R
Table 5 Effect of preservation time on in vitro antibacterial
activity of Apiospora malaysiana

) S B (O A BRI
FRAERT A (d)
AbFRZH (d/mm) P =% A (d/mm)
0 18.3+0.4% 30.5+0.5"
3 18.4+0.35 30.6+0.5"
7 18.6+0.35 30.4+0.5"
14 18.5+0.3% 30.8+0.3"
21 18.4+0.4% 30.5+0.5"
28 18.4+0.3% 30.5+0.5"

2.2.2 JREXT Apiospora malaysiana 1R 70 15
sz e 6 Bl %N, dpiospora malaysiana &K
AR 2 AN [RITRLBEANERS , ARG M B TE P 5 %) iR
AH LA B 35 2553 (P>0.05) . BIMEi 285 94.1 C /Y
AL B 1 h s, HAEE W AR TH R S A B e A8 Ak,
FBH Apiospora malaysiana % BERAHHE YA BEUT- 1Y
PEETE . FTFHUAS AT BEAAAE AL LE IR 15 P4 ot
AOFA B TR AR 458 15 P R A, iR B R AN &
HE SR, 2R B EXT A B TR IR A AR5 b
K, FEBUREEIR 95 °C BFXFFA B IR AA33UL TCH
FEMREY, 2P R T IRIG S5 . PR R e i
JRE S INAN 20 HAM B % P sz )

26 REXT Apiospora malaysiana PRAMIEE TE P A 5200
Table 6 Effect of temperature on in vitro antibacterial
activity of Apiospora malaysiana

SO R ER A
MREE(C)
ALFRZA (d/mm) FRPEXS BR (d/mm)
4.0 18.3+0.4% 30.5+0.5%
ZEi1(31.0) 18.5+0.4% 30.7+0.44
40.0 18.4+0.4% 30.6+0.4%
60.0 18.4+0.3% 30.6+0.4"
80.0 18.4+0.4% 30.4+0.4%
94.1 18.4+0.3% 30.7+0.6™

2.2.3 ZLH/MNBETEF R XS Apiospora malaysiana K7
MBS MW 2 7 BoRASE LA 8 G B (8] X
Apiospora malaysiana A5 MR 1% P B S Apiosp-
ora malaysiana fHEEY LA FIBHL LS NS, 7
BRI T S X REZHAH Ee v B35 25 5 (P>0.05) . R
Zeid 1 h DA B ss et e, NS A5 %0 B

LAARIFAE ) — K-, BT b 2% P9 A= LRI B G P
TP RS . A WTSEIER] T IS X 504
A —E BTS2 AF Y, ELAR TG 7R 25 s S g A T
DL S S DIIRE TSRS MR I HEES T, AIHATE T 12
et O

7 LIS RIXT Apiospora malaysiana VA1
VBRI P 1 S )
Table 7 Effect of UV irradiation time on in vitro antibacterial
activity of Apiospora malaysiana

) SRR EREE
AR E] (min)
AbFRZH (d/mm) FAPEXT I (d/mm)
0 18.4+0.4% 30.8+0.34¢
15 18.340.3% 30.4+0.4"
30 18.4+0.4% 30.4+0.4"
45 18.4+0.3% 30.6+0.4"
60 18.4+0.4% 30.6+0.4"
75 18.4+0.55 30.6+0.5%¢

2.2.4 pH Xt Apiospora malaysiana RSN 15 PHERY
0 ANE pH Xt Apiospora malaysiana K 7N B
TEHEREEI ILER 8. X4 pH K, °N 2. 4 B, Apiospora
malaysiana FAEE) T 4 B (055 25 BRUA I B 18 M3
Xf BEZH AT FEAIR (P<0.05), (ERE AR LM B 1A PEATS 7
FRERTIELLRY 92% LU L. H24 pH B#HiITI= 2 6. 8.
10 B, Apiospora malaysiana X4 85 (0,5 25 R B (19
PNEEEE S .  FIRgE SRR dpiospora malaysiana
HHER XTI A5 pH ASALEBURR, pH 1Y T8 sl BEAIG
Ko HAM PRI A 520, (B RIS Z A /)N, 24k
FL pH = FAHIE YA pH B, AR SN B 76 M7
R o SR AT GRS M AR PN AR LA AR RERORH S 1 4T o
P T P TR N A 13 TR S B D P P, b T HRE AR
PN R EEBU, SRS AERE, N2 i gt
B, 25 525 SO E) BT R A S - S BN A BRI AT
E2 7/ Nin S AN PN | B e = S WL )& Bl RV = 24
HEEDURE Y S BRI 5 HE MR S UIOCR S

% 8 pH X} Apiospora malaysiana P& 1% P A 52 1R
Table 8 Effect of pH on in vitro antibacterial activity of
Apiospora malaysiana

S (AR
H
P A FHEL (d/mm) B I8 (d/mm)
2 17.1+0.4%° 30.4+0.4"°
4 17.2+0.55° 30.4+0.54
5.5(CK) 18.4+0.4% 30.8+0.34¢
6 — —
8 — —
10 - -
:!:\
3 él:l 1@

AWFFEEE A o, H UL 3 A B vk ik
HE5, UibH Apiospora malaysiana K IERFHAEE
B R R R S R A 5 IR S TR | s
FLr v BEX IO, TR VLY 3 Al BRI ) i A AE
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Giil$225, £ Apiospora malaysiana FTAFTERIE
TP R R TAYIET, BARBRASIE R T
BRI B O, 1A it T B i P S5 AR B 52 TEAH
K, HHBCR AP AT 585 i B (R, E R Iy vk
e 4t R R WP TF LI R 22 A= K AR L S5 2
A IE AR 7 . Apiospora malaysiana K&
[LEali & k7L S I i OE SR € AP O I ey AN HE N = SIS
I EL TR A BRI T M . DARBUR M e SR 1) < 2
ORI 2 R B S FR N B, TSR Apiospora malaysiana %
W ROFH S ARG M B RS E VR, PRAFITR] . R PR 58
1 BE S s ] Xk AR S 10 B 3% 44 TE 52 1 (P>0.05), 24
pH JEHE = 2 4 i, HAMEHHERASE pH(5.5) B8 AT
BEAIG, 24 pH JA%& 25 15 F H AR pH B (pH6. 8. 10),
HAAR SN B 16 M T O (P<0.05) , FBHFE Apiospora
malaysiana F¥ R FFHE RS, BASET A BYARIE (4 °C)
ARAT B DL IS AN 25 3 A PR v P aes a3,
AETH BT (75 min) 955N R BALBREEAT:, L
AR pH FsE M, (HIRIRALFE T pH N AN H
RWERHEEI AT pHe DL S5 SRR T A A
K BB Apiospora malaysiana T FHT RIRPUE G T
G B PR RO T &, AHBR T H X 25 s
PN AR LR A TS A BT 45 S Al AL S A SIS E 4
AbFREE T BE, BT AT S5 BN A EUD, I AT
AN BRI or B A | AR PRI A LA A
ML T
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