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1. IUBIC

PEG (RUxFL r7)a—v) G, BHAMORGFRALEODEDE LTIL RIS
NTW2ETHA (Christensen: 1970, UH: 1972, Hoffmann: 1984, 1986, Dean et al.: 1996) .
LrL, TR OMEETPEG AU F1Ld 2 2 L RMAL 2/ B § 5 2 & birfs i
THYH (Padfield et al.: 1990, Bilz et al.; 1993, #58 5: 1995, Glastrup: 1996), TS DY
DHEPITIEFERMLEWIEEH L 22000 H 5, PEGOMMRMPHIOWTIE, BIZK 5%
Lot & MR I E LTE 25N TWw5D (Bilz et al: 1993, Glastrup: 1996), L L,
WIGAZ L > TREPEGIHAN 7 7)) 7 - ACFIZL DB E#HL &b H D, (K1 1994,
Bjordal and Nilsson: 2001) SO X9 LMD RA S OEHE NITL T LU HENDL H D
et o513, PEGIEMHOMEWH 2 O 7ofi R, MICIXPEG 203 287 7)) 7 38R L
TN H LI ENDRoT, ZOZ Enh, PEGHEBROHILITIE, LA RO AL 5§k
WS 5 LT b 2 EAMW SN TET,

Lk, KW -ERE, W17 I R AR R RS (BULIE BRAAB L7 2%) (1995 41 p 43
N B X IIC Congress, Archaeological Conservation and Its Consequences (1996 4

Copenhagen) TiE4 L7,

2. AEDEE

oife i LI SCAR I A F 202 5T, T AR )2 5 %0 PEGA00 IS W im T L
7oBsE, WIEIZRH OIS Z » 750 ST w b ORI D 1994) . 20 & X O FE O
(&, PEGA00 D AL, 1M E W) RIWIIISEZ 5 THED, H72h b PEGL00 DEMN & - Tl
BENLZADE ) THo7, ThDE, PEGL00 ZHAT 2 LW BT 2 3 7 Hokih

AT NS BEERT  dERU LR & T 1108713 HUREA UK 195280 1343

WRt AP o AR AR & T 1130032 O U X aRE 111

() e LR A AR ETT © T 424:0044 35 KATTLIA T 185

F—7—=FK AR (waterlogged wood), PEG (PEG, polvethylene glycol), %1t (biodeterioration),

N7 F71) T (bacteria)



i, 27 0D15%EDTARID AN TO S MIIEMOIRMBIEA SN L 272120 2 hb 5T,
W OMSWUL PEG GEALBLR AR 1 & BRI Z 5 Twd (ORI 1994)

A% PEG RO DN E LT, DEDIEPEG ZRINT 25 I &1 & » TRILAM D 6 D%
FEMEA T L, B R EW AR L 72w e, 7030 9 0L DIEPEG A8l & L Torfi
TEZNYF) THBG L0 helk, BEZ SN L. DioMAeTIE, Mot fishz
A AN 1994), HAEOWHRENEIC DWW TIEERFLTH 72, 22T, 4hl, PEG &GO
Wz, PEG & 00T & AW YS LT 260H 55089 a7z,

3. BmREF S LU PEG SEE DB

AL PEGHEHGARHIE 1 LB TH L. Iy, Frkl B LI 3 AT 287 T AL
ZiTo T2 D TH D, Ahld, WLz EARICHA L7z, M, 22TE20%0
PEG4000 i, % 721340 % ® PEGA000 il 5T, HEAK Y 2855 12 RIS AL X T
W - AR D 1997) (1) MO WK S £ o 728, WO ORMANIZ BT
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1 PEGA000 #HE ik Fl
Tablel. PEG4000 Solutions for Investigation

o Teamenwk Lol T Py e
1 <m2§?ﬁ¥1$> 50.0°C 24.4 05/12/94
2 fedalb 50.0°C 22.2 04/28/94
(FLAFL ER IR ER)

3 BA-07 Room temperature 152 06/14/93

4 CA-10 Room temperature 14.3 01/17/94

5 CC-04 Room temperature 42.1 09/01/93

6 CC-05 Room temperature 39.2 05/23/94
R ORIUE, Wit d 19944510 HiZfrbdr, PEG /o sz, #i oo )il (Ogata
et al: 1975) 22 £ 12{i-o/20 $4aDbb, #Flk%0.05ml% 1%PEG400DH % 13 0.5%
PEG4000 % bW & 37 2 AR omI 2z, 28 CT6 HINEEE L7z, T/, W50

N T TEOMEMCEZHYBAEALNILOE, 10525 10915 TO 4 BFIZARL,
1% PEG400 & %212 0.5 % PEG4000 % h#:ii & 3§ 2 8 K2 i T 72
L 7z REG e, B X OVER oML Fomh) TH 5



WA b (liquid medium)

(NH).SO. 0.3%
K:HPO, 0.2%
Nall.PO,: - 2H.0 0.1%
MgSO: + 7H-0 0.05%
Yeast extract (Wako) 0.05%
PEG400 (Nakarai) 1.0%

or PEG4000 (Nakarai) 0.5%

adjusted to pH7.2

JERE M (Agar medium)

(NH).SO: 0.3%
K:HPO, 0.2%
NaH.PO, - 2H.0 0.1%
MgSO. - 7H.0 0.05%
Yeast extract (Wako) 0.03%
PEG400 (Nakarai) 1.0%
or PEG4000 (Nakarai) 0.5%
or no PEG
agar 1.5%

adjusted to pH7.2

(X2 #H DM S5 PEGA000 #id £ 10i o> B
WO DOUBEETRUAEIZE 2 E DLW ) AS: S
7z

Fig.2 An Example of Turbid PEG4000 Solution

In several cases. PEG4000 solutions became turbid.

which suggested the growth of microorganisms.

BT EAM o351 5 PEGA000 iz AL B b -
20 % ® PEGA000 7, % 7213 40 %@ PEGA000 #1245
W, I EARMIT ORI R LI T I T 7z, 5L
AT B L Z100) oI EAM B WA FrbiTv

-0

Fig.1 PEG4000 Treatment Tanks for Excavated Wood
(Room temperature)

Polyethylene glycol treatments were carried out sys-
tematically in ca. 20% and 40% PEG 4000 solutions at
room temperature at Shizuoka Research Institute of
Buried Cultural Properties. Approximately 100 pieces
of waterlogged wood were treated at the same time in
each treatment tank.
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WEODDOREDI L, £1 DR N03IZBWT, PEGL00 % ki & 25T, WISHAI
)T OWMAIZE D EEZONDEROME LB AASNT (K3), EHICIDH)DADL
N7 %, PEG 2 R#EHE L THTERIZINT & 25, PEG400 % FHE LT PEG & 70
BLEZINDLNZFNVTOREZau=—PRVNEhE (B4, TR, H)o TDRTIE, PEG
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I'ig.3 Detection of PEG-degrading Bacteria

Small volume of the PEG solutions was cultured in lig-
uid media containing 1% PEG 400 or 05% PEG 4000.
Sample No.3 showed significant turbidity in the media
containing 1% PEG 400, and it was very likely to con-
tain PEG-degrading bacteria.

4 PEGA00 s fif o> 2 0 =— (1715 1) 35 X OVRF I
Hag=— ("1l

PEG 70l WA E i L 72 & % 2 5415 No.3 O il o i i

Filb % AL T, 98 RKERIZIF 7245 4, PEG400 % hie

KW E L THDENE W TORPEG M #IZ L D }\p

HRag=—HAoitiz. SO KB MV Tid S

oo —@Eashihror.

Ilig4 Colonies of PEG400-degrading Bacteria (bottom)

and of a Negative Control Bacterial Strain (top)
The culture, which showed significant growth of bacte-
ria. was diluted and spread onto agar plates containing
PEG. Large colonies of bacteria appeared in the case
of sample No.3. only on the agar media containing PEG
100. but not on the agar depleted of PEG (bottom). A
negative control strain. Ifscherichia coli (MV1190),
showed no large colonies (top).




HIligTERy (M4, FB, Ao Ui, sME L TKEIN Escherichia coli (MV1190)
(Sambrook et al: 1989) @ & HIZPEG/M#EMER 72V lif o7 71) 7% 25 ORI
MERDRRIETHEML TS, PEGHMHOY GO X 5 2l =T HI Eidhho

(4, g

SOIHEL KNG &, ST 2B T T LMD/ 71 7 25PEG400 D 43I B4 L
TwbIedbhoi, TITIH, Z0aa=—0hd, TRALE WHE YHhRERT I EIZT
Lo ZNHIE, HMTIEZNIEEMV PEGA00 S0 FRE)) 2 /R S 0 hs, 2 BEASILE S 2 L Wi¥ %
PEG400 701 23§ (IX5.6) 0 ZOEHIZ, 2FEON7 7 ) THMAETEI L0 -T, W
#7 PEG o0 EMEZ R 37 B01%, DOl b fiii4% %5 (Takeuchi et al: 1993). F 72, 4 W
L7z 2 Mo PEG 70 41%, PEGA00 2 MI#H 250 - Bk32 LD TH Y, PEGL000 22Tk
WKW 2RE 0k o7 (IM6). 245D PEG400 70 14 A3kl S 4172 PEG4000 A1,
M, 1TEULERBLAIDOTH 20T, INHONT 7Y TIEBE S ALFMN 5% &1
LI AL LZZPEG 2L L T2 Tid Zwhr b s

AATHLBRZ DOV TE, BE T TAENS0 CTEHERUM SN T2 b dH D, PEG /MR
Bl S o 720

> & " .
“ + PEG 400 + PEG 4000
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IYig5h Two Kinds Bacterial Strains Were Involved  Fig6 These Bacteria Degraded PEG 400, But Did Not

in PIEG400-degradation degrade PEG 4000
In this case, two kinds of bacteria (designated W-  The isolated bacteria were not capable of degrading PEG
and Y- strain, respectively) were involved in PEG 4000, although they preferentially degraded PEG 400. Tt

degradation. PEG400-degrading ability was evi-  suggested that these bacteria utilized lower-molecular-
dently amplified when the two kinds of bacteria  weight PEG. which had been generated from PEG 4000 as a
were mixed. result of chemical fragmentation during the treatment.
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WEZIT- 7 (52), WFNLL 7 I A BETEOMFETH D, WX Acinetobacter D37 7 1)
7, Y ¥E Agrobacterium g o8 7 7)) T Tah b &S S

462 PEGA00 70t o0 /AL 1 X OPEIRIS X 2 1l
WAL IR PE RT3 & OPEIR 2 7285 ey W R Acinetobacter sp. X W 2400 Y B Agrobacterium sp. & 4fioE
7z
Table 2 Taxonomic Characteristics of the PEGA00-assimilating Bacterial Strains
The PEG-degrading bacteria isolated were identified by analyzing morphological, physiological and chemotaxo-
nomic characteristics. W strain was identified as Acinetobacter sp.. and Y strain was tentatively identified as
Agrobacterium sp. These were common bacteria found in soils.

Characteristic White (W) strain Yellow (Y) strain

Nitrate reduction . -
Indole production - -

Acid from glucose + -
Arginine dihydrolase - -
Urease production - +
Hydrolysis of :

esculin - +

gelatin = -
Beta-galactosidase = +
Assimilation of :

D-glucose +

L-arabinose +

D-mannitol -

N-acetyl-

D-glucosamine - +
maltose - +
D-gluconate - +
n-capronic acid + -
adipic acid +
DL-malate + +
Na-citrate + -
phenyl acetate + -

Oxidase test .
Catalase test +
G+C content (mol%) 39 61
Isoprenoid quinone Q-8 Q-10
Cellular fatty acid:
Non-polar 16:1,16:0, 18:1 16:1,16:0; 18:1
2-hydroxy 12:0 -
3-hydroxy 12:0,14:0, 16:0, 18:0 14:0, 16:0, 18:0
Gram stain negative negative
short-rod
Cell morphology ar sphere rod
Color of colony white yellow
Aerobicity facultative anaerobic aerobic
e Acinetobacter Agrobacterium
Identification )
sp. sp.(tentative)




L, BEICOWTIZRO TR0, FHEZ S HICHEELZDL DL T 57291216S rRNA
(165 VARV =<V RNA) iifz DN ADHEIERHIA &R [ 5 2 il 720 PsE L 7 if a1k
o % 77— & X— X TR L7k g, #7248 400 3255 o fiPH TIAS ® Agrobacterium J& o
16S rRNA = 7-D N A DHIERH & 100% -3 L, FEMRRIIZITE B2V &5 RS
72 (Fig7)o BB, TNHEONZ T 7OMIE, WRTKS0 R 26T O TAM Culture
Collection IZHWi#k & L TXEk L, Acinetobacter)®® W Hk O 55k o1&, TAM14466,
Agrobacterium B O Y ¥k D %5 k4113, TAM14465 Td % (The Microbiology Research
Foundation : 1998), T 2FiDIEd /N7 7 7id, »ahd TN AT D TH S,

PEG 203 537 7)) 713, PEGOGERE LTT AT FRA VKV BELEKT 5
B, ENHONT TN T OROMENSHT SN TWD (Kawai: 2002), SO &L, Zh
HONT T THEM LY, PEGORG LA L LY, TILFe FRAVKVBARE

WL LW AT 2 L AWM e EANOEE LRSI N D,

Agrobacter. AAGTCCCGCAACGAGCGCAACCCTCGCCCTTAGTTGCCAGCATTTAGTTGGGCACTCTAA
Y-1 AAGTCCCGCAACGAGCGCAACCCTCGCCCTTAGTTGCCAGCATTTAGTTGGGCACTCTAA
(identity) khkhkhkhkhkhkhkhkhdbhkhkhkhkhkhkhkhkhhhkhkhkhkhkhrhhhkhhkhhhkrhkhhhhkhkhdhhkhkhhkkkhkhkhkkhkkxkk

Agrobacter. GGGGACTGCCGGTGATAAGCCGAGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCT
Y=l GGGGACTGCCGGTGATAAGCCGAGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCT

Ahkhkhkhkhkhkhkhkhdhhkhkhkhkhhkhkhhkhkhkh Ak hhkrdhkhkhdkhkhkhkdhkhkhdhkhkhkdhhkhhhhkhkhhkkkdhkhkkkkksk

Agrobacter. TACGGGCTGGGCTACACACGTGCTACAATGGTGGTGACAGTGGGCAGCGAGACAGCGATG
Y-1 TACGGGCTGGGCTACACACGTGCTACAATGGTGGTGACAGTGGGCAGCGAGACAGCGATG

R R R RS EEEEEEEE RS E RS S SRR RS SRR SRR R SRR SRR RRERE RS EEEEEEE]

Agrobacter. TCGAGCTAATCTCCAAAAGCCATCTCAGTTCGGATTGCACTCTGCAACTCGAGTGCATGA
Yo=1. TCGAGCTAATCTCCAAAAGCCATCTCAGTTCGGATTGCACTCTGCAACTCGAGTGCATGA

RS RS SRR EREEEEEEEERS R SRS RS R R SRS SRR R SRR EEEEEEEEEEEEESEEEEESS

Agrobacter. AGTTGGAATCGCTAGTAATCGCAGATCAGCATGCTGCGGTGAATACGTTCCCGGGCCTTG
Yeid AGTTGGAATCGCTAGTAATCGCAGATCAGCATGCTGCGGTGAATACGTTCCCGGGCCTTG

A SRR R R EEEEREEEREREEEEEEERREEEEEEEEEEEEESESRERERSEEEEEEEEEEEESSS

%7 16S rRNA Bz FAAN D - FBOYIEIZ & B3 7 7 1) T OBl s Y
Y FE 16S rRNA (s A o6 BT No.1092-1392) % uiE L 7245 45, Agrobacterium tumefaciens O xfts
T LR L 100% 33 % 2 EAH 2D, Y #DY Agrobacterium s D /N7 7)) T Tdh b Z EDFEI O ST,
Fig.7 DNA Sequence Alignment of Partial 16S rRNA Gene between Agrobacterium sp. and Y Strain
Phylogenetic analysis of partial 16S rRNA gene sequencing (nucleotide No. 1092-1392) confirmed the identification
of Y strain. DNA sequences of the partial 16S rRNA gene were 100% identical between the Y strain and
Agrobacterium tumefaciens.
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Polyethylene Glycol (PEG)-Degrading Bacteria Found
in the PEG Treatment Solution
of Excavated Waterlogged Wood
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Tokyo 110-8713, Japan
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Consolidation treatment by impregnation with polyethylene glycol (PEG) is a common method
for the conservation of excavated wood. However. degradation of PEG in treatments is often
troublesome. We report here an example where special kinds of PEG-degrading bacteria were
found in a PEG treatment solution for excavated wood.

Polyethylene glycol treatments were carried out systematically in 20% and 40% solutions of
PEG 4000 at room temperature at Shizuoka Research Institute of Buried Cultural Properties,
Japan. Approximately 100 pieces of waterlogged wood were treated in each tank. The PEG solu-
tions had been used for two or three cycles of treatments. In several cases, PEG solutions devel-
oped turbidity, which suggested growth of microorganisms.

These PEG solutions were examined, and PEG-degrading bacteria were found in a treatment
solution. Two kinds of bacteria were involved in PEG degradation in the case. The PEG-degrad-
ing bacteria isolated were identified as Agrobacterium sp, and Acinetobacter sp. These were
common bacteria found in soils. PEG-degrading ability is evidently amplified when the two kinds
of bacteria are mixed. The isolated bacteria could not efficiently degrade PEG 4000 itself, but
preferentially degraded PEG with average molecular weight around 400. As the PEG 4000 solu-
tion had been prepared more than one year before, chemical degradation of PEG 4000 might
have occurred, and the bacteria might have utilized PEG of lower molecular weights.

In the studies to date. many kinds of PEG-degrading bacteria have been reported. Some are

reported to degrade even PEG 20,000 as well as PEG 4000. Therefore it could be possible that



bacteria that can degrade PEG 4000 will be found in the treatments of excavated wood.
However, most of the ever known PEG-degrading bacteria would be well controlled by altering

the treatment temperature to approximately 60 C.



