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The textile remains have been affected largely by environmental factors including microorganisms because they
were composed of organic compounds to be easy to damage. So, we selected 8 strains of the 131 isolated strains
from museum environments and textile remains by high protease activity, and identified them for measuring the

antibacterial activity of Gingko biloba extracts.

They were identified Genus Arthrobacter spp. 3 strains

(Arthrobacter nicotiannae Al2, Arthrobacter sp B12, Arthrobacter oxidans B13), Genus Bacillus spp. 2 strains
(Bacillus licheniformis D9, Bacillus cereus D33), Genus Pseudomonas spp. 2 strains (Pseudomonas putida A24,
Pseudomonas fluorescene C21) and a Genus Staphylococcus sp. 1 strain (Staphylococcus pasteuri D3) as closest
strains through the blast search of NCBI. Though antibacterial activity of the extracts of Gingko biloba leaves as
MIC was lower than that of other pharmaceutical antibiotics. However the extracts was crude extracts, the ex-
tracts might have good antibacterial against most of the isolates from museum. Especially, the antifungal activity
of Gingko biloba is known previously, the extracts of Gingko biloba leaves has possibility of usage as a good

natural material for conservation of remains.
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skim milk agar®f*](1% casein peptone, 0.5%
yeast extract, 0.5% sodium chloride, 1% skim
milk, 1.5% agar)’do]l =3t FH3le] Zo| &2
RAg 71Fo 2 AAsYY gxToE2E v|F
2y3olA Ao FF4 49%) wEEFE A
8510) X = Klebsiella pneumoniae, Stapylococcus

aureusE KCTC (Korean Collection for Type
Cultures) 25 E #FE%S uro}l nlm A& syt
22. BeEliFe ¥4
AEE 73 99 54 2 Gram@H, oxi-
dase catalase 84 ¥ 7L 7ddt A3EEH
EA 7} 16S rRNA f 479 @748 B4 2

J)r-a— vlgte 2 NCBI (National Center for Bio-
technology Information)E 29 2 343an
16S rRNA fr3zte] d714EE4 e At /A
AZZEA A28 primersd E71M9E forward
primer (27F) 5'- AGAGTTTGATYMTGGCTCAG
-39} reverse primer (1529R) 5° - CAK(G/T)AA

AGGAGGTGATCC -3’¢]t®,
Z == = T

3 23 2FEE AY

o8 AgE 2006d 3¥€ Ul kAol A

ste] AlgEd TYE 2L 50CY A
F ovenol A 6217t AxdY B2 EHstATH
25 2898 403 120 mesh (sieve opening:
425 - 125 ym)9] Aol Zejxl 23 ¢ 100 g
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A2 F-2& A0l 4 E
< 85‘y ethanol (3 x 11)¥ dichloromethane (3 x
I 2 FZ3549c. 85% ethanol FEES 40T

o A %l??ﬂi%}’ili’-i F&39eH, 558 A
teflon stopper’t 5% % separatory funnelol %
3 o golAgolE “%%, £ 500 mA 9 &miE
CAHE HoA 1_39. 3t AFAx WAL
2 558l Ay A8 2FEE ASRE A
9 (Fig. 1).

KN 530
96 Well«] plateol] —3—
Tt HER dAHL
of dFuEFYS 7{:7}3}"% g
Ao N FJHEAHE RAlsE (broth
microdilution method)e] AF&H A wWiAZE 4
HoF 57t 48sA & Age Fol2HA (10
g Bacto-Peptone or Thiotone, 5 g Beef extract, 5
g NaClE 1 LY F7FF9 =0 HA)E 4833
o g4 AEE 98 239 FEFY AASE
= Z+ZF 1000, 500, 250, 125, 62.5, 31.3, 156, 7.8,
397 19 pg/mioiith. 7o HITHL 7 welld
05 McFarlandol$ith o]€A Fulg A& 30 C
Hlok7loll Al 24A12F vl &, well] 79 AS5H
%+ Microplate Reader(Benchmark, Bio RadA})ol
28 595 nme FIHEE SAHIAY 2YLFE
o SH A4S UEE ilixisﬂil?: Minimum
Inhibition Concentration: MIC)E 234 F&2E&
Wz gy FEEd¢ Y2 27y FF=d o
B3] 50%olstz AS3 Fr=E MAS ARE
TEsgoy, 3493 H¥E 2veR At O
AHE AAJh

Dried Gingko biloba sample (100 g)

4>

homogenized and meshed

}

Extracted with
CH,Cl, 3% 1L)

!

Extracted with
85%EtOH (3 x 1L)

filtered and evaporated

85% EtOH fraction

! l

EtOAc fraction (12.5 g) n-BuOH fraction  H,O fraction

dried over MgSO,

Active compounds

Fig. 1. Isolation of antibacterial compounds from Gingko
biloba sample.
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Table 1. Characteristics of colony and biochemical re-
action of the isolated strains

aM Catalase Oxidase

.
i 1 Morphol .
Strains Colony Morphology stain

A 12 round, smooth, . R .
opaque yellow,

A 24 round, creamy - + +
B 12 round, creamy Lo+ + +
B 13 viscosity, creamy + + +
C 21 round, convex, creamy - + +
D 3 tiny, round, convex, + + +
D9 irregular, hilly, + + +
D 33 rhizoid + + +

2 Lo g7 #FE7 Ady
21213%, ol FHTFY FEA, Ay 542
Table 12 Zt}.
32. e #F9 §A
dawe §A¢ a7e 494 54, Grand

ox1dase9¥ catalase SR AP 2L kgt Azt
—f EX(Table 1) ¥ 16S rRNA fAzle] 9714
4 @JJr(Table 28 F3sto % 35t ol 4e]
Ao AeH 879 B #FE Arthrobacter% 3
% (Arthrobacter nicotiannae Al2, Arthrobacter sp
B12, Arthrobacter oxidans B13), Bacillus% 2%
(Bacillus licheniformis DS, Bacillus cereus D33),
Pseudomonas% 2% (Pseudomonas putida A24,
Pseudomonas fluorescene C21)3 Staphylococcus
% 1% (Staphylococcus pasteuri D3) 2.5 FAEH Y
th olE REYTFy AWAQ 54& HEEd
Arthrobacter&L WA F o ZA A& ZA0] %E]f‘}
BAAA & T& AN L AE F e dE]
#on Pseudomonas&e e mAEES A&o]
E745s 4ok 24 o gt %7317401]/\15 2
= £ gle dol guls Aol oln] dE] ¢ A At
Bac1llus—“4 73—°rE XAE AT EN £
50]‘4 ojlg %
EJ— Djrﬂ° dgt Fgo] FHI HAA

z /‘1*—.3 = HAEEo] AFsr|dE ofHE 3
Aojunz Ay yFE dEL dutrAEe] 2}
grlol e dotdt AR AKAY WS 7t
A ATFELYE & 5 AU

299 289 FTEH

239 FEE dagFA-E& Table 3004 Eh
upo} 2o} Fig, 1A 9] R&& FE5E8% & 9
3 FEEZAAM FHAHL ool EHEE 7}
A3 —’}“%i “011 Hlate] ©& g Ad-S e,

| E oUotAHESE &gz I

o3¢ *’?“%%% A&t ET. Ao o3l &3
g 2 Staphylococcus aureus® Bacillus

Table 2. Identification of isolated strains from domestic museum environments by 16S rRNA gene sequences

Strains NCBI Accesion no. Homology (%) Identification
‘A 12 A]315492 1491/1498 (99.87) Arthrobacter nicotiannae
A 24 DQ402053 1489/1499 (99.33) Pseudomonas putida
B 12 AJ551172 1480/1487 (99.53) Arthrobacter sp. An34
B 13 X83408 1473/1485 (99.19) Arthrobacter oxidans
C 21 DQ402053 1478/1495 (98.86) Pseudomonas fluorescene
D3 AJ717376 1530/1534 (99.74) Staphylococcus pasteuri
D9 CP000002 1489/1503 (99.10) Bacillus licheniformis
D 33 AB247137 1507/1510 (99.8) Bacillus cereus
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Table 3. Antibacterial activities of Gingko biloba leaves extracts (MIC:minimum inhibition concentration)

Strains MIC (ug/mb) Strains MIC (ug/ml)
Arthrobacter nicotiannae Al2 260~125 Staphylococcus pasteuri D3 250
Pseudomonas putida A24 125~62.5 Bacillus licheniformis D9 62.5
Arthrobacter sp. B12 125~62.5 Bacillus cereus D33 15.6
Arthrobacter oxidans B13 625~31.3 Klebsiella pneumoniae* not effective
Pseudomonas fluorescene C21 not effective Stapylococcus aureus* 8

* Control strains (AATCC Test Method 100-2004)

cereus D339 Wste] MIC7 27 7.8 ug/mlét
156 ug/mlo.2 714 =& FFHFAH L B39
g 02 Arthrobacter oxidans Bl3el thajr+=
31.3 ~ 625 ug/ml, Bacillus licheniformis D9l
S ME 625 ug/ml, Arthrobacter sp. Bl12%
Pseudomonas putida A24 < WA E 625 ~
125 ug/ml, Arthrobacter nicotiannae Al2 o o3}
AME 125 ~ 250 ug/ml, Staphylococcus pasteuri
D3el s+ 250 ug/mle) ¢o 2 FFHAHS H
oFQQd. a8\ Pseudomonas fluorescenel.2
=9 BYFF Pseudomonas fluorescene C21
3 B AR ¥FUzRTFFQA Klebsiella pneu-
monigeS &3 FEF 1,000 ug/ml AAE WA

S 7R o] A3 Kol ANE ¥z Fdvh

34 A ET dAA ] dig g

29 2FFEY T8ALE V&4 F ¥H
A FAA LY 9unE A FAA FFAHA
& d2aye o3 AT & A g AE
® 25% FAA 7hEd 8FY LTF EFO
A4S MR e dAAE amikacin, amoxicillin/
clavulanic acid, cefotaxime, cefotetan, chlor-

ampenicol, ciprofloxacin, erythromycin, gentami-
cin, imipenem, kanamycin, rifampin, streptomycin,
tetracyclin®. 2 EF 13Fo|Uth 53] W& A
»od #F= tE FAAC vt imipenem$}t
kariamycinel s F& e wAFUY
(Fig. 2, Table 4).

NG A BTl oid daeal 2845
o 98}, gentamycin, streptomycin®} ticarcilling
Aok Ry A HEFH FHTFF o
3to] 30 ug/mlolste] FEAME A5E gAAIH
o} &, 299 FEEY FE HEH BIYITF
o gig MICE=7t 71€ FAAED i 1%
(156 ~ 250 ug/mhE Jetstt}. ol 7
e B A8 AHgHold 289
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Fig. 2. Photographs of disk diffusion method.

At FF o)H P AdEHoA FAE I
2& A83tE stz & o A o]
A MICE 9o ¥ud "art gl
i=R2l=%

B, 239 2FE2 diEA WAL Az
AE FFH9Y Pseudomonas fluorescene C219] 73
olle £ Ago A8dE A A BEF F
ampicillin, ampicillin/sulbactam, cefazolin, cepha-
lothin, clindamycin, oxacillin, penicillin, vancomy-

Ag A7 MR XS BRodFA,

53], dA7A ML= AgsEes FHEDFT
Gram ¥443 &4 270 237 e 2= o
P R E Gram 447 A0 wel FAAY
7 E2A vEdE o] di-folth 239
ZE9 AS$ NETF 108 £ 729 Gram $A
o 9lo] Hojd FaE e shHnh a8y A
Z 3% 2 Gram SATFAME 2
FHaAE 7IXRA ZPo Pseudomonas
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Table 4. Antibacterial susceptabilities of isolated strains to 25 antibiotics discs (inhibition zone diameter: mm)

Strains A A B B C D D D

Antibiotics 12 24 12 13 21 3 9 33
Amikacin  30%* 30 28 30 30 30 25 20 14
Amoxicillin/Clavulanic Acid 20/10+ 36 26 40 40 24 A 40 10
Ampicillin 10% 34 26 35 30 0 12 12 7
Ampicillin/Sulbactam  10/10%* 36 28 34 38 0 24 24 8
Cefazolin  30% 28 34 28 30 0 7 32 30
Cefepime  30% 33 28 20 26 36 0 33 20
Cefotaxime 30%* 37 25 33 28 20 31 33 8
Cefotetan 30+ 32 30 10 13 20 18 24 18
Cephalothin 30+ 40 30 34 34 0 38 40 7
Chlorampenicol ~ 30% 7 30 38 40 10 24 23 13
Ciprofloxacin 5* 29 26 26 26 42 19 16 8
Clindamycin 2% 26 10 26 20 0 20 30 13
Erythromycin 15% 20 37 40 38 7 25 23 20
Gentarmicin 120+ 26 20 23 28 27 24 24 15
Imipenem 10+ 44 36 40 42 36 45 44 35
Kanamycin ~ 30* 2 23 26 28 28 26 22 19
Nalidixic Acid 30+ ' 0 6 10 10 18 10 12 24
Oxacillin  1* 16 0 7 0 0 0 22 32
Penicillin  10* 40 28 36 34 0 14 14 0
Rifampin 5* 32 28 40 38 10 32 45 14
Streptomycin  300% 14 26 20 32 26 20 22 18
Tetracycline  30* 8 30 40 36 22 10 8 16
Ticarcillin  75% 38 26 40 3H 9 19 19 0
Trimethoprim/Sulfamethaoxazole 1.25/23.75% 18 0 36 32 10 20 0 16
Vancomycin ~ 30* 24 30 36 26 0 18 22 18
* The numbers mean concentration of antibiotics (ug/ml)

I Arthrobacter nicotiannae A12 % Pseudomonas putida A24

® Arthrobacter sp. B12 * Arthrobacter oxidans B13

% Pseudomonas fluorescene C21 6 Staphylococcus pasteuri D3

7 Bacillus licheniformis D9 ¥ Bacillus cereus D33

putida A24°] M= MICE 125 ~ 625 ug/ml 2 <
ol HjmA &L MICE ZE ALE R B 0, £ =
28 F&E9 7% Gram SATERYE Gram 9% &
AR o FFBAe) ¥ AL & & duk & AFA oed, & =
FZ2E4ME & 2FEELS AL FEFF F
4.7 B Stapylococcus aureus 153, WE# ETFF
) w2 3347 A&H FE22RH 2gd AME Pseudomonas fluorescene C21% A9 U
1310 &5 FolA vz Bg@diol =& 84 vA 7FY AT dstd F7EPE g e
752 Adgstel £43% A3 Arthrobacterd 3% RS 4 F AUY I1FNAE &3 23582
(Arthrobacter nicotiannae Al2, Arthrobacter sp  Gram ATl W8] vz =& & 1}
B12, Arthrobacter oxidans B13), Bacillus% 2%  EHUTh =hEha, 239 AR 7
(Bacillus licheniformis D9, Bacillus cereus D33), @I TdAHE Bid u7}t glo 248 28 FAHRE
9 BE o ATEY ol e} AFd 9
1% AT 4 e REAEZANY 28715
A F 98 Aew By

PseudomonasZ 2% (Pseudomonas putida A24, i3
Pseudomonas fluorescene C21)3} Staphylococcus
% 1% (Staphylococcus pasteuri D3)o] it}
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