CHAPTER IV

RESULTS

1. Isolation of Endophytic Fungi
Fifty-eight isolates of endophytic fungi were obtained from six species of Thai

leaf of Canangium odoratum B: ail. was foung 13 bor the fungal endophyte. No
fungal endophyte was found “in samples rom 4 species, i.e. Abrus
precatorius Linn., Cassia a4 int fura mele ., and Puntica granatum
Linn.
Table 3 Number of ex caves and limbs of Thai

medicinal plan

Number of isolate
Family
Leaf | Limb | Total
Annonaceae giun g 8 Lo 1% o L0 84214 i 5 5 10
Euphorbiaceae 0 11 11
= ANy SWenmy o [
Piperaceae Piper sarmentosum Roxb. Psar 0 6 6
o ¢ TN, o
| WA W AW,
mmm;; Voded WTELTORR = T
9
Murraya paniculata (L.) Jack uia Mpan 0 8 8
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2. Antimicrobial Activities of Isolated Endophytic Fungi

By dual-culture agar diffusion assay, 43 isolates (74.14%) of endophytic
fungus isolates were found to show antimicrobial activities. The inhibition zone
around the agar cube of endophytic fungus isolate was observed. The number of
active endophytic fungus isolates exhibiting activities against S. aureus, E. faecalis,
B. subtilis, E. coli, and P. aeruginosa were 18 (41.86%), 14 (32.56%), 20 (46.51%), 3
(6.98%), and 1 (2.33%) isolates, respectively, as shown in Figure 1. Anti-C. albicans,
anti-S. cerevisiae, and anti-7. mentagro;t fes activities were evident in 13 (30.23%),

5 (11.63%), and 32 (74.42%) i )qk fp ively. Figure 2-5 demonstrated
antimicrobial activities agué&reus, inosa, C. albicans and T.
mentagrophytes of endo@ iso]"*tes @ture agar diffusion assay.
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Antimicrobial activity

Figure 1 Numbers of endophytic fungus isolates exhibiting antimicrobial activities
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Figure 2 Dual-culture agar diffusion assay exhibiting anti-S. gureus activity of

ehdaphyticifungs iSoldte Line |13 'grown brimalt extac agar.
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Figure 3 Dual-culture agar diffusion assay exhibiting anti-P.| aeruginosa activity of

endophytic fungus isolate Hcre 10 grown on yeast extract sucrose agar.
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Figure 4 Dual-Cultute agar diffusion assay exhibiting | anti-G. albicans activity of
endophytic fungus isolate Hcre 11 grown on malt Czapek. agar.
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Figure 5 Dual-gulture ‘agar |diffusion| ‘assay exhibiting,” anfi-7. mentagrophytes
activitylof endophytic fungus isolate AMpan 01 grown on Czapek yeast

autdlysatedgaf] maltCzapekaga, fmalt €xtract dpar, Sallouiand’s dextrose

agar and yeast extract sucrose agar.
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3. Effect of Culture Media on Antimicrobial Activities of Endophytic Fungus
Isolates

It was found that culture media (CzYA, MCzA, MEA, SDA and YES)
affected both type and intensity of antimicrobial activities of endophytic fungus
isolates, as shown in Table 9 in Appendix. Figure 6 summarized the variation in
number of fungal endophyte isolates that exhibited antimicrobial activities when they
were cultivated on different media. Anti-E. coli and anti-P. aeruginosa activities
were culture medium specific. They were observed only in active isolates grown
on MEA and YES, respectively. The\lu ﬁumbers of active isolates against
S. aureus, B. subtilis, C. albicans and S. cerévise >re found when they were grown
on MEA. The same high% oficﬁv&ﬁﬁc fungus isolates with anti-

E. faecalis activity were dem n they Wewn on MCzA and MEA.
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Antimicrobial activity

Figure 6 Numbers of active endophytic fungus isolates demonstrating activities

against test microorganisms when cultured on different media
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Anti-C. albicans and anti-S. cerevisiae activities could not be observed in culture
grown on SDA and YES. It was found that 2 active isolates showed anti-C. albicans
activitiy when they were grown on CzYA. For anti-7. mentagrophytes activity, the
numbers of active isolates were the highest and the lowest when they were cultivated

on YES and CzYA, respectively.

4. Stability of Antimicrobial Phenotype of Active Endophytic Fungus Isolates

A total of 100, 17, 56 and 27 active endophytic fungus isolates, that were kept
in stock culture, were re-examined for their ap?nicrobial activities against S. aureus
ATCC 29213, E. coli ATCC 25922, C. albigt ){/A’T?CC 10231 and S. cerevisiae
ATCC 9763, respectively, as shown in Table,10- 17 mAppendix. It was found that 29
(29.00%), 4 (23.53.%), 4 @14%),and 1| (3.70%) isolates of endophytic fungus
isolates were still active agﬂm/.* TUreUS &ATCC 29213,E. coli ATCC 25922, C.
albicans ATCC 10231, '
Figure 7.

S cere llae @’IJ_CC 9763, respectively, as shown in
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Figure 7 Numbers of endophytic fungus isolates, previously observed as active,

exhibiting stable and unstable antimicrobial activities.
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5. Susceptibility of Selected Mutants

Based on MICs demonstrated in Table 4, the low susceptible mutants of S.
aureus and E. coli could be selected by the gradient plate technique. The variation in
susceptibility of selected mutant to various antibiotics was observed. The MICs of the
used antibiotics for selected S. aureus mutants were in the range of 8-128 times the
MICs for wildtype strain, except erythromycin (1,024 times) and rifampin (2.56x10°
times). For selected E. coli mutants, the MICs of the used antibiotics were in the

range of 8-64 times the MICs for wildly‘er in. Low susceptible C. albicans and S.

The selected mutants responded to
in) and 4 pg/ml (4xMIC for

cerevisiae mutants to nystatin we
nystatin with MICs of 8 ng/
wildtype strain) for C. albicans

As shown in TaM the| select usceptible S. aureus, except

highest number of antibi sele low susceptible strain was
found to be resistant to ctive antibiotic, as shown in Table 6. Cross-
resistance was also observed : { mutants. Some representative

AUEINENINYINS
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Table 4 Minimum inhibitory concentrations (MICs) (pg/ml) of antibiotic for

wildtype strains and the selected mutants.

MICs (ng/ml)
Antibiofics S. aureus E. coli

ATCC Mutant ATCC Mutant

29213 25922
Bacitrain 128 ND ND
Cephalosporin C 2,0 32 1,024
Chloramphenicol 128 - 512
D-cycloserine : sl
Erythromycin ’ ,'f ND
Kanamycin + -ﬂfj 128
Lincomycin &f- ND
Penicillin G 3 ND ND
Polymyxin B ND %747 8 128
Rifampicin 256
Tetracycline E 2 32

ND = not determined Fs

AUEINYNINYINT
RINNIUANINEIAY
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Table 5 The inhibition zone diameters (mm) of S. aureus ATCC 29213 and mutant
strains around the antibiotic disks
Inhibition zone diameters (mm) of S. aureus”
Antibiotic
disk
‘;S,Tzﬁg B® |CEC* | C* |DCY? | E® K* Li* p* RA® | Te
Bacitracin b b
(10 pg/disk) 19.9 0 0 103 | 104 | 173 | 83 74" | 110 | 16.1 0
Cephalosporin C
Q00 gy | 199 | 155 | 0 / 70 | 247 | 248 | 172 | o | 139
Chloramphenicol b -
30 pg/disk) 230 | 149 4% 21, 219 | 222 | 214 | 228 | 219
D-cycloserine -,
(100 pg/disk) 247 | 2 0 0 0 238 | 23.1
Erythromyci a7
as ug/ttl;i};?)n 28.9 3 .{I 277 | 245 | 272 | 245 | 276
Kanamyeci a, i3
Gopgliy | 258 | 1L1° 5712(:: 113" | 295 | 269 | 249 | 245
Gocomer | 235 | 223 an '7 0 0 0 | 218 | 231
(10 pg/disk) : : S . .
Penicillin G s i b b
(10 pg/disk) 36.6 0 9.8 ¢ 33. 26.9° | 26.0 0 31.1 302
TRy,
Rifampin _ CEE N .
(0.75 pg/disk) 23.9 P i 6.6 18.0 8.6 0 24.8
Tetracycline
(30 pg/disk) 27.6 9. 7| 283 | 29.1 259 | 234
# ATCC 29213 = ococaﬂ diireus ATCC 292130/

= Bacitracin r

KPfita)]

CECR Cephalospcml C resistant S. aureus

o ‘mmmmzu URIANYIAY

ER Erythr mycin resistant S. aureus

K® = Kanamycin resistant S. aureus

Li® = Lincomycin resistant S. aureus

PR = Penicillin G resistant S. aureus

RAR=

Rifampin resistant S. aureus

Te" = Tetracycline low susceptible S. aureus

b

standards (33)

JNEINT

Inhibition zone diameter was in the range of resistant strain as recommended in the interpretive
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Table 6 The inhibition zone diameters (mm) of £. coli ATCC 25922 and mutant

strains around the antibiotic disks

Inhibition zone diameters (mm) of £. coli*

Antibiotic disk | 2;1.922 J— R nogt KR PBR RAR TeR
oo | 254 | 0 202 | o | 234 | 20| o 0
C"(‘;’;“L’f‘g‘;ﬁ;’]ﬁ?‘ 262 | 204 | 270 | 219 | 249 | 266

Coni | 203 | 2m 8 0 | 215 | 198 | 204

é%’;l}“zii‘i 24.6 42 | 26.6 | 189 | 249
‘Zgggg;;,’f 24.6 i 0 | 109 | 153
Ritampin | 190 | M = 272 | 0 | 189
conmn, | 155 | 21y i 3285 (230 | 0

* ATCC 25922 = Escherichig coli
CEC® = Cephalosporin !

C® = Chloramphenicol resi —
DCY® = D-cycloserine resistant E. coli m
K® = Kanamycin resistant E. cblie,

PBR = Polymyxmﬂ*uﬂgg’} Qn EJ ﬂs w EJ’] ﬂ ‘j

RAR = Rifampin resistant E. coli

bm,,m:’;iﬁﬁ’m HSOIHBII NN B e

standards (33)



35

Figure8 Antibiotic disk-agar diffusion assay demonstrating inhibition zone of
Staphylococciis @uréusiATOT 29213 ar6und péhicillin(5, fefracycline and

vancomycin,
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Figure 9 Antibiotic|disk-agar diffusion assay demonstrating résistance of S. aureus

mutant/fo penicillin G.
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Figure 10 Antibibfic disk-agar diffusion assay demonstrating inhibition zone of
Stephylocoecus saureusy ATCOg 29213 around| Cephialgsgorin C, D-

cycloserinie, lincomycin and rifampin antibiotic disks.
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Figure 11 Antibiéfic disk-agar diffusion assay demonstrating resistance of S. aureus

mutanttoN-cycloserine;
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Figure 12 Antibi6tic disk-agar diffusion assay demonstrating resistance of S. aureus

mutanttorifampin.
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Figure 13 Antibiotic disk-agar diffusion assay demonstrating inhibition zone of
Escherichin, aolinATCC, 25922 faround ¢hlorampheticél,] kanamycin,
polymyxint B and tetracycline antibiotic disks.
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Figure 14 Antibiofic disk-agar diffusion assay demonstrating resistance of E. coli

mutant.to polymyxin.B.
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Figure 15 Antibiptic digk-agar cdiffusien) assay ) demonstrating” inhibition zone of
Escherichid coli ATCC 25922 around cephalosporin C, D-cycloserine and

rifampin antibiotic disks.
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Figure 16 Antibioti¢’ disk-agar diffusion assay demonstrating resistance of £. coli

mutant to D-cycloserine.
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Figure 17 Antibietic disk-agar diffusion assay demonstrating resistance of £. coli
mutant|toifampin.
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6. Antimicrobial Activities of Active Endophytic Fungus Isolates Against Low
Susceptible Test Strains

The active endophytic fungi were tested against the low susceptible strains by
dual-culture agar diffusion assay. Activities against the resistant £. coli mutants, the
low susceptible C. albicans and S. cerevisiae mutants could not be found in any
endophytic fungus isolates. Only five isolates, i.e. isolate Bore 04 (isolated from Bixa
orellana Linn.), Ccoc 08 (isolated from Carissa cochinchinensis Pierre), Cfis 01A
(isolated from Cassia fistula Linn.), Line
and Oind 05A (isolated from O.

3
)l# Vent.), were found to be active
against the selected S. aureus m &ible 7. Isolate Line 13 showed

the highest activity. It could inhibit bagitras ramphemcolR erythromycin®,

(isolated from Lawsonia inermis Linn.)

lincomycin®, rifampin® and 1 e Oind 05A also inhibited
these strains except bacitr. \

MICs of crude extr, i oths of these active isolates
were shown in Table § active equally against S.
aureus ATCC 29213 and 4 1.024 mg/ml. Comparing
to activity against the refe ties against bacitracin® and
lincomycin® were observed if isplate and isolate Line 13, respectively.

o e g s

Lower activities against other test against the reference strain were

278
demonstrated in isolatés Ceoc 08, Cf

crude extracts for the $cst mutants w
the range of 2-4 times. E

ﬂﬂﬂ?ﬂﬂﬂ‘ﬁ“ﬂﬂ?ﬂ‘ﬁ
Qﬁ’lﬂ\“lﬂ‘im URIINYIAE
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Table 7 Inhibition zone (mm) measured from the agar block of endophytic fungus

culture exhibiting antimicrobial activities against selected S. aureus mutants

Inhibition zone (mm)
S. aureus
Bore 04 Ccoc 08 Cfis 01A | Line 13 Oind 05A
ATCC 29213 1 1 1 2 3.1
Bacitracin® 1 2 225 35 0
Chloramphenicol® 0 ‘M 3.2 1.8
Erythromycin® ' 2.4 1.8
Lincomycin® 3.0 2.2
Rifampicin® // h \\ 3.0 2
Tetracycline™ l/ / ﬁ ,\\ \ | 34 2.6

.m.- )
é -in F il
Table 8 The MICs (pug/m Eif:“" eX

that were obtained from active

ivities against S.aureus mutants

endophytic fungus isola W/’)‘ 7 i
F o

) —
S. aureus Am
coc08 | Cfis01 Line 13 | Oind 05A
ATCC 29213 h024 1280 <] QNI 256 ) 4 <512 256
oLl INHINS
Bacitracin® U 1,024 256 256 1,024 ND
P -V
oumia 451 §) §0) TELSIV 1V 2 Ve8] s
Erythromycm 1,024 ND 1,024 1,024 1,024
Lincomycin® 1,024 ND ND 512 512
Rifampicin® 1,024 ND ND 1,024 1,024
Tetracycline" ND ND ND 1,024 1,024

ND = Not determined
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7. ldentification of Selected Endophytic Fungus Isolates

Colony morphology of endophytic fungus isolates Bore 04, Ccoc 08, Cfis
01A, Line 13, and Qind 05A grew on 5 different media at 30 °C for 14 days as shown
in Figure 18-22. All isolates, except Line 13, did not produce conidia or spore even
grown on banana leaf agar and banana leaf agar with 1% vitamin B complex for 2
months. Production of conidia was cbserved in isolate Line 13 grown on PDA.
Based on its microscopic morphology, as shown in Figure 23-25, isolate Zine 13 was

identified as Alternaria sp. Sexual stage development of isolate Line 13 could not be

achieved when grown on banana lez H‘” leaf agar with 1% vitamin B
complex. ) ' /

U

AU INENTNEINS
ARIAN TN TN



48

Figure 17 Obverse (A) and reverse (B) of colony morphology of endophytic fungus
isolate Bore 04 grown on 5 different media at 30 °C for 14 days
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Figure 18 Obverse (A) and reverse (B) of colony morphology of endophytic fungus
isolate Ccoc 08 grown on 5 different media at 30 °C for 14 days
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Figure 19 Obverse (A) and reverse (B) of colony morphology of endophytic fungus
isolate Cfis 01A grown on 5 different media at 30 °C for 14 days.
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Figure 20 Obverse (A) and reverse (B) of colony morphology of endophytic fungus
isolate Line 13 grown on 5 different media at 30 °C for 14 days.
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Figure 21 Obverse (A) and reverse (B) of colony morphology of endophytic fungus
isolate Oind 05A grown on 5 different media at 30 °C for 14 days.
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Figure 22 Mﬂ%ﬂﬁpﬂ(ﬁ Wﬁ% @ﬂ 1§>1ate Linel3 showing

dematiaceous fungus w1th chain of comdla and sympodlal conidiophore
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Figure 23 Micrgscopic morpholo 4.'-* ic fungus soltL nel3 showing
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Figure 24 M
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