CHAPTER 111

MATERIALS AND METHODS

Materials

1. Media
* Agar (Merck, Germany)

¢ Corn meal agar (Dif

e Czapek solution a

e Nutrient agar
e Nutrient broth

2. Chemieals V | )

e

° Dich]oromethan@,ab Scan, Thailai

 vaablitsn 1719 03

* Sodium Chloride (Merck, Germany)

: S@uﬁﬁ@*&ﬂ@ RBADN Y18 Y
e Sucrose (Commercial grade)

¢ Tween 80 (Acros, Belgium)

3. Instrument
¢ Analytical balance (Sartorious, USA)
* Autoclave (Hirayama, Japan)
¢ Centrifuge (Clay-Adams Inc, USA)



. Glassware

. Others

Deep freezer -85 °C (Forma Scientific, USA)
Freezer —20 °C (Tropical Ariston, Italy)
Freeze dryer (FTS, USA)

Hot air oven (Precision, USA)

Incubator (Mammert, Germany)

Light microscope (Olympus, Japan)
Magnetic stirrer (Thomas scientific, USA)

.

Micropipette (Gilson, France

Stereomicroscope (Ol

Seperating funnel (Pyrex
Test tubes (Pyrex, U

Aluminium foils (Dlimond foil, USA)

Dimbi 4D TR ) 2] 7) 5

Membrane filter (Gelman Smences USA)

TR EIN INYA Y

Sensqtmty di

¢ Bacitracin (B-10) (Oxoid, England)

® Chloramphenicol (C-30) (Oxoid, England)
¢ Erythromycin (E-15) (Oxoid, England)

¢ Kanamycin (K-30) (Oxoid, England)

* Penicillin (P-10) (Oxoid, England)

¢ Polymyxin B (PB-300) (Oxoid, England)
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e Tetracycline (Te-30) (Oxoid, England)
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Methods

1. Collection of Plant Samples

Healthy leaves and limbs were collected from 10 species of Thai medicinal
plants in the botanical garden of the Faculty of Pharmaceutical Sciences,
Chulalongkorn University, Bangkok, Thailard on March 17, 1999.

2. Isolation of Endophytic Fungi

After cleaning by the “’ the plant samples were surface
Cle s and limbs were submerged

chlorite solution (6%) for 5

sterilized as previously des
consecutively in 70% ethanol for i

minutes followed by 1 minuteWash 111 sterile disti d'water for 2 times. Aseptically,

emerging from the pla d picking with a sterile
pasture pipette and was

(PDA). Purity of the isolate y : ‘__*_ ined from the homogeneity of colony

ngth potato dextrose agar

3.1 Storage undéBLiqui P
Endophytic fungi.were grown onscorn meal malt extract agar slant

(o e ot W o e v T,

was done in duplfuue After that, tl%e slant culture was added sterile llqu1d
R FERRE 8917 Y187 a t

3.2 Storage in 15% Glycerol
Endophytic fungi grown on PDA were cut into 5x5 mm®. The agar blocks

were put into cryotube containing 800 ul of sterile 15% glycerol and preserved at
-70 °C.
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4. Screening of Endophytic Fungus Isolates for their Antimicrobial Activities
by Dual-Culture Agar Diffusion Assay (31)

4.1 Test Microorganisms

Bacterial strains
@ Staphylococcus aureus ATCC 29213
. Enterococcus faecalis ATCC 29212

Bacillus subtilis TCC 6633

922
aerug C 27953

Fungal strainw
© ol

4.2 Cultivation

Endophytic

(CzYA), malt Czapek agar tre
agar (SDA), and yeast extract s_ucfﬁ's? agy

The agar culture was cutinto small au-.,-_.._.,._...,,

zapek yeast autolysate agar
ar (MEA), Sabouraud’s dextrose
) at room temperature for 14 days.

,

4.3 Preparatlon] Inoculum

Test ba. m i at 37 °C for 2-3 h.

The bacterial cu m lﬂ mﬁ to give turbidity
matched with that g‘i‘ 0.5 McFarland stasidard.

AR AT ANV AR Hor o 501
slant at 30 °C for 24 h, 24 h and 5 days, respectively. C. albicans and S. cerevisiae
were suspended in 0.85% NaCl. 7. mentagrophyte conidia were suspended in 0.05%
Tween 80 solution. The turbidity of each fungal suspension was adjusted with

respective solution to match that of 0.5 McFarland standard.
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4.4 Testing for Antimicrobial Activity

A sterile cotton swab was dipped into the microbial suspension and
pressed lightly on the inside wall of the tube above the fluid level to remove excess
inoculum from the swab. The swab was then streaked over the entire surface of the
agar plate three times, with the plate rotated approximately 60 ° each time to ensure an
even distribution of the inoculum. The agar blocks, from section 4.2, were distributed
evenly on the surface. The plates were left at room temperature for 1 h. Bacterial
inoculated plates were incubated at 37 °C. for 18-24 h. Fungal inoculated plates were
incubated at 30 °C for 24 and 72 h for yL( mold, respectively. The inhibition

zone diameter was measured with.a vernier c

—S . 2 e

— .

—

5. Antimicrobial Phen:)type

s dsolates in the stock culture were retrieved and
grown on PDA. After i ! 0—-"@ for 7-10 days the pure cultures were
transferred to grow on i pdmm gxat‘prowded the highest activity against S.
_cere:v:srdé. After cultivation for 14 days at 30 °C,

e -}* L]

fors annnilfroblal activities by dual-culture agar

ki

aureus, E. coli, C. albicans,
the fungal cultures were

diffusion assay as described previously in s&@;ﬁ '
";.--‘ ;",‘ : of "J ek —-—
6. Selection of Low Sﬁsceptlble Mlcroblal Strains { )

Antibiotics use(.i’f for selection of low susceptible . *S.J aureus were bacitracin,
cephalosporin C, hlo}amphemcol, D-cycloserine, - erythromycin, kanamycin,
lincomycin, penicillin G, rifampin, and tetracyeline. In selection of low susceptible E.
coli, cephalospofin CJ clﬂoramﬁh‘enicoi Decyeloserine, kahamycin, polymyxin B,
rifampin, and tetracycline were used.s For C. albicans and S. cereyisiae, strains with

low susceptibility to nystatin wete selected.

6.1 Determination of Minimum Inhibitory Concentrations (MICs) of
Antibiotics for Reference Strains
MICs of antibiotics described above for S. aureus ATCC 29213, E. coli
ATCC 25922, C. albicans ATCC 10231, and S. cerevisiae ATCC 9763 were
determined by broth microdilution method (33).



16

6.1.1 Preparation of Diluted Antibiotics

Each antibiotic was solubilized in a final concentration of 1.024
mg/ml in Mueller-Hinton broth (MHB) except that cephalosprorin C and nystatin
were solubilized in dimethylsulfoxide (DMSO) in a final concetration of 102.4
mg/ml. Cephalosporin C and nystatin solution were further diluted 1:100 in MHB
and RPMI 1640 (+2% glucose), respectively. Then, each antibiotic solution was
diluted in serial two-fold dilutions in the respective medium to give the concentrations
as shown in Table 1. A 50-pl volume of each dilution except nystatin solution was
dispensed into the corresponding welkﬁ’ icrotitre plate (96 well, flat shape).

Nystatin solution was dlspens% ul. A 50-ul volume of MHB

containing no antibiotic W flﬁo 0@ a growth control of each

antibiotic except cephalospo LA control for cephalosporin C
! A 100-ul volume of RPMI
1640 (+2% glucose) containt i [ J : ispensed into a growth control

was a 50-ul volume of

of respective medium was

The final bactergaj,nocr m- G oncentration was 5x10° CFU/ml.
a"" - {
Each bacterial strain waégrown in TSB at 37 °cm‘ ﬁ bidity of the bacterial
culture was adjusted ‘normal saline to matc 5 McFarland standard. The
d in MHB th.obtain 10° CFU/ml.
For yeast; the test organisms.were grown on Sabouraud’s dextrose

agar at 30 °C for ﬂh‘ur&] 1@%’&1‘%“%’%%"%@@ picking 5 colonies

of 24 h culture and'Suspending in 5 ml-of RPMI 1640 (+2% glucose). The turbidity

of the celfishéfehSibriyaf aiuétecyiln RPMA 1640 % feiichse) 1§ tnateh that of

0.5 McFarldnd standard. The adjusted suspension was then diluted 1:1,000 in RPMI
1640 (+2% glucose) to provide 1x10°-5x10* CFU/ml.

adjusted bacterial suspension was furthe
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Table 1. Ranges of antibiotic concentrations used in determination of MICs for

reference and low susceptible strains

Concentrations (ug/ml)
Antibiotics . ) .
Reference strains Low susceptible strains
Bacitracin 1,024-2 32,768-64
Cephalosporin C 1,024- 32,768-64
Chloramphenicol 2,048-4
D-cycloserine 24;3 2,048-4

Erythromycin v /56 0 m 32,768-64

Kanamycin // / A‘\\\\\ 1,024-2

Lincomycin I/ m‘“\\\' 2,048-4

Nysat //@“\\ NN
T2 WA\

Penicillin G 1,024-2

Polymyxin B 1,024-2
Rifampin 32,768-64

Tetracycline 1,024-2

ﬂuﬂ?ﬂﬂﬂ§W81ﬂi
" Ta grivesy eyl

inoculated with 50 pl of bacterial inoculum except the sterility control well. The
microdilution plates were incubated at 37 °C for 18 h. Then, 20 pl of 0.5 mg/ml
p-iodonitrotetrazolium violet (INT) solution was added into each well. The
microdilution plates were further incubated for 1 h. The violet color of formazan
developed indicates the microbial growth. The lowest concentration of antibiotic that
inhibited the visible growth of test microorganism was regarded as the MIC. For
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nystatin tray, the amount of yeast inoculum dispensed into each well except the
sterility control well was 100 pl. After incubation of the inoculated plate at 30 °C for
24 h, INT solution (0.5 mg/ml) was added into each well in a volume of 20 pl. The

microdilution plate was further incubated overnight before being read.

6.2 Selection of Low Susceptible Strains by Gradient Plate Technique

(10)

Plate containing gradient concentration of antibiotic was prepared with
two layers of agar. The lower lay,el‘-.égp' ‘ 10 ml of plain nutrient agar for
bacteria and 10 ml of Sabourau&iﬁe;gpbg ) for yeasts. After placing the

dish in the normal horizontal -_"-;anotﬂer 1O-mlofagar containing antibiotic in a
heg_‘}_'; Sﬂspfns:\lon of microbial strain was
erlincubation at 37 °C for 24 h, the colony

vth was selected. Then, the low
n s Spe in broth and spreaded on another

concentration of 3xMIC was
spread over the surface of t
grown beyond the boun

susceptible microbial s

selected from plate containin t}@c m N ion of 10xMIC or higher, as

shown in Table 2. The selected-:g:ﬁﬁ;zobé 15 were kept in 15% glycerol at

760 . o __VA
2 4
- : ~

7. Determination of Susceptibility of Sell utants | |

Susceptibility of mwutants selected in, section 6 was tested by broth

microdilution meﬁdudgm’?i%@d %@‘BW EJ q ﬂ i
" , £L|. ¢ o o/

%ﬁﬂﬂﬁmgﬂgﬁrﬂ r;lﬂc;]di@i(gxl method was
done as previously described in section 6.1, except that each selected mutant was
grown in 5 ml of medium containing respective antibiotic in the concentration that
was used in final selection of mutant in section 6. After incubation at 37 °C for 2-3 h,
the bacterial culture was centrifuged at 3,000 rpm for 10 min. Then, the cell pellet
was washed and resuspended in MHB to give cell suspension with turbidity matched
with that of 0.5 McFarland standard. The adjusted suspension was further diluted and
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used as described in section 6.1.2 and 6.1.3. Concentrations of antibiotics used in this

experiment were shown in Table 1.

Table 2 Final concentrations of antibiotics (xMIC) used in selection of low

susceptible mutants*
Antibiotics £ doli
Bacitracin - —_ ND**
Cephalosporin C " \ N . 14
Chlaramphenicol £ [—="\\ 10
D-cycloserine 'ﬁl E:r_. : 10
Erythromycin 4 e J;': ND**
Kanamycin i J_h.;',:- 14
Lincomycin ET Z/ ND**
Penicillin G ‘ - j ND**
Polymyxin B —m | W 14
Rifampin ‘o 10 o/ 10

J
Tetracychneilluﬂa“allﬁlIH Iili 10

R T Ty e

** Not dete
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7.2 Agar Diffusion Assay
7.2.1 Test Bacteria
S. aureus ATCC 29213, E. coli ATCC 25922, and low susceptible

strains selected in section 5.2 were used.

7.2.2 Preparation of Inoculum

The inocula were prepared as described previously in section 4.3

for reference strains and section 7.1 fi “ W\nble mutants.

/

7.2.3 Antlblothw ..J

sed in susceptibility tests
of S. aureus ATCC 292
chloramphenicol (C-30), €
and tetracycline (Te-30).

s were bacitracin (B-10),
0), penicillin G (P-10),
N\

% low susceptible strains,

For cephalosporin €. Digy ine and lincomycin, each

St 2he . ; .
antibiotic solution in a volume of'iﬁ‘_—& ied directly on sterile blank disk
s WA -

(diameter 9 mm.) placeson mocnﬂatéd a@'r 0" yie 00 and 10 pg per disk
respectively. For :‘.m—.'--:-—-.-.‘.;;:u_g,:.--r 5 75 ug/disk were

prepared. Cephalosporin@ a@rifampin (0.75 pg) were
used in susceptibility test fog-S aureus ATCC 213 and the low susceptible strains.

o £ it G 18 3 ) AR 3 e

cycloserine and nfﬂnpm (75 ng) were %sed in susceptlblhty test.
AN A8 URIAINYIA Y
Fifteen ml of MHA was poured into a plastic petri dish and was
allowed to cool to room temperature. Streaking method as described previously in
section 4.4 was used to inoculate the bacterial culture onto the agar surface. The
commercially available antibiotic disk and blank disk were distributed evenly on the
agar surface. Antibiotic solution as mentioned in 7.2.3 was applied to the blank disk.
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Each experiment was done in duplicate. After incubation at 37 °C for 16-18 h. The

inhibition zone diameters were examined by a vernier caliper

8. Determination of Antimicrobial Activities of Endophytic Fungi against Low
Susceptible Strains

Endophytic fungi exhibiting stable antimicrobial activities against reference
strains, as determined in section 5, were grown on the medium that provided the
highest activity as shown in Table 9 in Appendix. After incubating at 30 °C for 14

days, they were tested for their activiq‘emthe low susceptible test strains by

dual-culture agar diffusion assay as previ bed in section 4.

9. Determination of MiCs-of Cruide E tracmmluned from Culture Broths of
Selected Endophytic F / AN

The media YES,, , MEB and MCzB were used in cultivation of
isolates Bore 04, Ccoc 084, A fi_;':" 1 Qind QSA. Each fungus isolate
that had activity against low susce : lg strai ' re gmv:n in 400 ml of respective

&mﬁ condition at 30 °C for 3
weeks. The fungal broth cul e&uently extracted three times
with equal volume of dichlore ethan‘é =T h@c phase was taken and evaporated
by using rotary evaporator The fesidise V\;as‘mﬂed in DMSO MICs of the crude
extract for reference strains ¢ : > strains were determined by broth

s&ghvely
g mﬂ aR ﬁf‘i
Endophytic is &ﬂ,ﬁne 13 and Oind 0SA

that showed actlvmes against the dlow susceptible strains were identified by

conventidhhl PehdcHBhic of mbipheloby. The ieldcidd fii it v on PDA

banana lea? agar and banana leaf agar with 1% vitamin B complex at 30 °C for 2
months under the condition of 12 h darkness / 12 h black light (near UV light). The

fungal culture was examined for conidia or spore production. Slide cultures was done

microdilution assay as

to observed morphology of endophytic fungus isolates producing conidia (34). A
small block of PDA (about 8x8x4 mm’) was placed in the center of a sterile slide and
each of four sides was inoculated with the endophytic fungus isolate. A sterile
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coverglass was placed on the top of the block and 6 ml sterile water was added in
petri dish. Slide culture set was incubated in room temperature until the endophytic
fungus isolate grew on the coverglass and on the slide. Slide and coverglass with
growing endophytic fungus isolate was mounted with lactophenol cotton blue. The
microscopic morphology of endophytic fungus isolate was observed under light

microscope.
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