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Abstract: 8 bacterial strains and 1 fungus strain were isolated from steeping fluid of the erosive bamboo slips using
bacterial and fungal medium, and the bamboo slips were derived from Kingdom Wu during the Three-Kingdoms period
and were stored in Bamboo Slips Museum of Changsha, Hunan Province, China, which were eroded severely by
microorganisms in the storing period. Based on the cultural, morphological characteristics of the strains, and sequence
analysis of the nucleic acids (parts sequence of 16SrDNA of the bacterial strains and 18SrDNA and ITS of the fungi
strain), the bacteria belong to seven genera (Bacillus, Acinetobacter, Staphylococcus, Pandoraea, Novosphingobium,
Cupriavidus and Comamonas) of four different classes (Bacilli, a-Proteobacteria, f-Proteobacteria and y-Proteobacteria),
and the fungus strain shows great similarity to Aspergillus.
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1.1 $EFHE

FNEEAM: ZAS g FWE 3¢ NaCl5 g,
B 15~20 g, Z81%7K 1 000 mL.

mIK—%5: KNO; 1 g, n[¥tEies 20 g, K,HPO,
0.5 g, MgSO47H,0 0.5 g, NaCl 0.5 g, FeSO,7H,0O
0.01 g, Hflg 15~20g, ZEW/K 1L,

B REEFRFE: M 30 g, NaNO; 3 g, MgS0,-7H,0
0.5g, KCI0.5g, FeSO4+7H,0 0.01 g, K,HPO, 1 g,
il 15~20 g, #&MH/K 1L,
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1.3 EHkERELH DNA 2B, PCR ¥ 1GF1F 55347
1.3.1 #m# 16SrTDNA PCR

K H W V& PCR 4 38 Jir 3K 43 1% 40 147 (1) 36 43
16StDNA  Jv Bt , M AR B b PRI ve B, 11
solution IT (10 pL 10% SDS, 2 pL 40% NaOH, 88 pL
RRAE )RR, RO RE S5 A SR, 5140 4
16SIDNA Gl H 5 ¥)(27F, 1492R)",

132 A 18SIDNA #= ITS PCR

FLPASEIAZ] DNA SR S A6, AR P
18SIDNA & 57 IX 38 & iF 51 # . ITS(HL 45 ITS1,
5.8SrDNA, ITS2)/3 51 il FH 514 1TS4 A1 1TSS 118,
51 A TREAT B W) A

18StDNA 5|49/ 7 510 :

Pf: 5-AACCTGGTTGATCCTGCCAGT-3';

Pr: 5-CGACGGGCGGTGTGTAC-3',

ITS 51975100

ITS4: 5-TCCTCCGCTTATTGATATGC-3';

ITS5: 5-GGAAGTAAAAGTAACAAGG-3',

133 F 3547

PCR =2 35 IEHE DNA [FIGRF & MR, 16 50)
VIR, B B A TR B A 7 S B . %
FFI 40T 16STDNA. FLIE 18StDNA LA ITS 341
5 NCBI H A% IR 2 24T Blast Luxt, HIH] Mega
4.0 BAFAHRG KRR WERERKEW.
134 m@ % HHESH

€ M 16SIDNA JFFIARE N T 97%1E K ANIF] 1)
4250, KM Shannon Wienerps #5%0(LL T i FR
Shannon £ FEVEFR % HYVH5 2 AR 1E):

H==3Plog, P
i=1
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i, RTS8 ARAN B DA K | BRFF R 4l TR, 4l
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PLJ F-1. HEEIEA . 2R EMEATEERDER 1
Ji7R o
2.2 ZHE 16SrDNA F5I5 S #1527
22.1 16StDNA 53| 547

L RV PCR 4145 8 #R4HIR 1) 16STDNA 1 500
bp A B, GNFRIGH RS, KX LeEa L
NCBI W44 PEHEAT Blast LU, 255 U03€ 2 iR
P4y BRI AN 16SIDNA 81135 580 PErh
VAN (R FH O P 20T B I AR AP (=99%) « 52 X
16SIDNA JEFUAHMATEAR T~ 97%I 1 AN [l 43 2K 0
BT Z RS, S5 Ry AR 1K 8 MR B vl 4>
N T AR50, Shannon ZFEVEFRECN 2.92.
222 Wl AREE AT

FET 4 16SIDNA JFFI5EAE I RE K H
SRTEER(E DR XL w g T 4 DAFEIR
2N, 3% a-Proteobacteria(1 #£), B-Proteobacteria(3 #£),
y-Proteobacteria(1 #) LA & Bacilli(3 ££).

GG TRTEA AR TEASFIEE T2 B 401 16STDNA
FeaJEat BRI RGUAE W T, Bacilli 4410 3 BR4H 14
/i B-1 Al B-3 J& T Bacillus, B-4 3 Staphylococcus,
Bacillus J& 57 2543 B AL A4 B ;  B-Proteobacteria 24X



1676 I ARREIR) 341 %
R1 S0 BEAYSFIEAE LRECHL
Table 1 Morphological characteristic of the isolated strains
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B3 s, RUGH, BEED TR, L BT, G

B4 Fie, RIDEH, BEEAD, MOBE, D55+ HONHIERIR, G

B-6 WAk, RRFTDGH 4R RAR. G

B-7 Hofe, RADGH, WERN LR, Y Hid%or RAPR. G

B8 sy, RIDGH, BERTIRRAKIR, Y LSt RAR. G

B9 HAHE, RITHEL HOERCE. L8R AR, G

F-1 TR MR I0I0RE, YR

DB B KA, AR AL, IRAMEDY A, R
B B

T PR IR I AT R 20 7B A
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Table 2  Analysis of partial 16STDNA gene sequences of the isolated strains

PR FAAUTE B ki)

Bl 1444/1446 (99%) Bacillus sp. cp-h45 EU584544.1
1442/1445 (99%) Bacillus sp. cp-h44 EU584543.1
B 1385/1391(99%) Acinetobacter sp. Z21 EU236748.1
1382/1388(99%) Acinetobacter sp. ZY022 EU652882.1
B3 1511/1513 (99%) Bacillus cereus strain HS-MP13 EU100616.1
1508/1510 (99%) Bacillus cereus strain CTSP45 EUS855219.1

- 1424/1424 (100%) Staphylococcus epidermidis ATCC 146 D83362.1
1423/1424 (99%) Staphylococcus epidermidis AB111112 AF397060.1
B.6 1398/1398 (100%) Pandoraea sp. IB1 DQ167022.1
1398/1398 (100%) Pandoraea sp. CCUG 39680 AY268171.1
B.7 1349/1351 (99%) Novosphingobium sp. MUELAK1 EF628247.1
) 1349/1352 (99%) Novosphingobium capsulatum 213 EU730916.1
B.g 1388/1390 (99%) Cupriavidus sp. WBF7 DQ777737.1
1388/1390 (99%) Cupriavidus basilensis strain AU4546 AY860224.1
B.9 1377/1380(99%) Comamonas sp. TK41 AJ550282.1
1375/1382 (99%) Comamonas sp. D1 AF532869.1

Mk B-6, B-8 1 B-9 4y 5@ T Pandoraea,
Cupriavidus 1 Comamonas; a-Proteobacteria 21 1 ¥
B-7 J&F Novosphingobium; p-Proteobacteria 24X ) K

B-2 J& T Acinetobacter.
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JFEAR PCR ¢ BE 43 BZ A ) 18SrDNA 1 ITS #8543 A
B, GRS EY, HIX L)Y NCBI %

PR 34T Blast LbX), 55403 3 Fix.

M 3 TSI FEE F-1 1) 18SIDNA A ITS F¥41

JE 1AMl

88| Strain B-6
991" Pandoraea sp. LY
92 Pandoraea sp. H652

Cupriavidus basilensis

99 99 Strain B-8

100

61" Cupriavidus basilensis strain b47

I Comamonas sp. D1

09 Strain B-9
68  Comamonas sp. TK41
|' Strain B-2

100 Acinetobacter sp. CP-B

71" Acinetobacter johnsonii

60 ’-Ij Strain B-7

1001~ Novosphingobium capsulatum

Novosphingobium sp
g5[ Strain B-4
99 Staphylococcus caprae
Staphylococcus sp. H780

0.05

L I

Bacillus cereus strain HNR10

Stain B-1

100

99 | Bacillus sp. cp-h
Bacillus cereus strain CCM 2010
12 = Strain B-3

1 AF4BEmE 16SIDNA A 7 M 2 5 R F #t
Fig.1 Phylogenetic analysis based on the 16SrDNA sequences of the isolated strains

Y5 #4558 (Aspergillus) B R m AHALLIE(99%) . FET 55
B ITS PN RS K B i st (K 2)F M

B F-1
5 Aspergillus (X R %5Y), HILKER F-1 1220 ih

a-Proteobacteria y -Proteobacteria f-Proteobacteria

Bacilli

3 & F-1 18SIDNA A ITS A7 tbat 25 R
Table 3  Analysis of partial 18SrDNA and ITS of the isolated fungus
A BN ke iRe)
1583/1584 (99%) Aspergillus versicolor AB008411.1
18SrDNA 1587/1593 (99%) Aspergillus versicolor AB002064.1
1576/1584 (99%) Aspergillus sp. BAP14 EF370433.1
578/580 (99%) Aspergillus versicolor isolate XSD-82 EU326209.1
ITS 588/595 (98%) Aspergillus versicolor F20 EU497952.1
570/571 (99%) Aspergillus sydowii NRRL 250 AY373868.1




1678 RS2 (1A R B RR)

o941 %

39 Aspergillus versicolor strain F20

73| Aspergillus sydowii strain NRRL 250

Strain F-1

— Aspergillus versicolor isolate XSD-8

0.002

Emericella rugulosa

2 ATHE®@ F-1ITS Fol#key R5LTH
Fig.2 Phylogenetic tree based on the ITS sequences of the strain F-1
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XHETRIAR BT A (R BE ) AR LA

KRR WEE AR, w5 S KR
5 3 BRI BT TR T AR, 1931 8 Bk
P M 1 W&, JB T Bacillus, Acinetobacter,
Staphylococcus
Cupriavidus, Comamonas LA} Aspergillus, TILHF
B Z . Hir, S AKMKRE Bacillus
Acinetobacter VA . Aspergillus " [f]— S B K LAT 4 AR
ARFZ e . Chandra 25 AL K40 25 3
R ELH B AR T R RE U 1Y Bacillus sp., 6 d Bi A {#
K& R 30%~40% ; Gajanan 25 U4 — Kk
Acinetobacter sp."PaiAS 2] T AR L AL iHh
B W (Aspergillus sp )& —Mri WA Z . 4F4EHR
BEAARTRT o > MRS RO I W HE N o 43 245 31— Hk
AT, XA £FdE AL YE Z IR0 N
16.87%- 39.85%F1 45.32%. Ahammed 251" £ b
I3 B3]k Aspergillus sp., FHIE T HAR R A
E&7/LART C O N SIS R - IR SR JINEY AL

Pandoraea , Novosphingobium ,

HESE KRS AR KINGE R, Staphylococcus
Pandoraea , Novosphingobium , Cupriavidus F
Comamonas )40 1 AR WARIE 2 5 AR R FEME, X578
H. KRR ENIN R R MG . S 5y
BB PRBE PR LA IE MY A B4 Staphylococcus sp.;
FERT SO Mk Pandoraea sp. (¥ 5K B il L EE 3
AT TERNIRETT ;s HE AR B T3 i K e ik
Bl — K BE B i 22 348 D7 K I 41 18 Novosphingobium
sp.; Sanchez Z5PU%f—#k 2, 4, 6- =G AW MM T
Cupriavidus necator IMP134 [FIB AL R PEEAT T 9T,
S e SR N 5 K AR BT 43 88 T — WK i LUK SR 2k
2R ME — PR . RUUR R RE U AR KN B R B
(Comamonas sp.CNB1). [k, M= S22
R LA BT . LPUE R LA R0 ),
JCRRMRARTZ . LFYE 3P 2T 2 22 (1 BE ) AAH DG L
ARyl S
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(1) SR FIZL Al R R0, S il ff 2
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1 BR% T .

(2) ZrHT T BB Ay i vh 23 B9 AR 2000 9 BRTE A
AR FREMN LRI .
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