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Abstract

Formaldehyde is a highly toxic chemical for all organisms, and it has recently been found as effluent from
industrial waste water to marine environment. The aims of this study were to investigate the effect of 10ppm
formaldehyde on the microbial communities isolated from five coastal sea water samples, collected from the Izu
Peninsula, Japan. Rapid decrease of formaldehyde concentration was only observed in a raw sample at the Kifu area
of Numazu city, but no decrease of this boiled sample. Six bacterial strains were isolated from the Kifu area by using
spread plate method. Effects of concentrations of 10ppm formaldehyde on each pure-cultured bacterial strain were
investigated in batch cultures. During the first 3 days, ca. 95% (v/v) of formaldehyde was rapidly decreased by three
bacterial strains (BR-41, ZB-51, and T1+1). When the formaldehyde was used as sole carbon source in the M9
medium, these strains were not able to grow in the absence of glucose. However in the presence of glucose, 10ppm
formaldehyde did not inhibit the growth of the strain BR-41. And rapid decrease of formaldehyde concentration was
observed, indicating that the tolerance to 10ppm formaldehyde of strain BR-41 was occurred in M 9 medium.
Furthermore, in case of addition the trace metals to M 9 medium including 10ppm formaldehyde concentration, the
strain BR-41 was able to grow well and the 90% (v/v) of formaldehyde was decreased of within 12h of the
incubation. The formaldehyde-resistant strain BR-41 was classified to the family Alteromonadaceae by 16S rRNA
gene sequence analysis.
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TBY, ZOFWED S bEER, &R, PiEHZ S
FREE UTIHRMENT WA RILVAT VT E RS, ERH
RYE & L TZEF 5 Tw 3 (Liteplo and Meek, 2003).
ZDEI%Z o BEFEETIIENDRVAT VT E
FIEEOHEAEME 0. Img/m® £ LTWw3, 3512, EE
JETERER (TIARC) OFHliClX, & ML T “Bs <
HKNWAMEND D T HWE” IKHEINTEY (IARC,
1995), KEBHSFET (EPA) THRLVATALTE R %
FMAMEYETHS S EHFHELTn5E, Fiz, RIVAT IV
Fb R, #EEEEE (Grafstrom, 1990, Grafstrom et
al., 1993) BPRHLOENTVWIYETLHL, ZDXH%Z
EDPS, RVATIVTE FIZEEZEZ I, BYEEHIC X -
TARIC b5 2 ZAREMED H B LRI N TV 5,
RVAT VT E RIE, OHFLESIHE URIBH
B o BEE WbWwE T IRTFy 7k EOEE
R TEYBEOMEIE LTlEbNLTWS, F2, STEED
Biffize 2 e o, HRMEEICEGESTE, THENCKE
EREDHIEER C kA o T CIEMitS CHE L, k2 % H
BTHHESN 2B CTEE TEFRETh S, EIND KR
AT NTEFOLEESE, BFEI0GtUL LI bET 2
(Mitsui ef al., 2005). 20045 ® PRTR (Pollutant Release
and Transfer Register) O 77— 12 L, 1HEMIC1H
6 TtARBmERICHEHIhZERABbLoTWwS (BRI
A, 2005), ZDIFEAENPHESLTE L DR X112 &
DRGHICHEE s, ABFNREREZZ 0BT 5. —E8
DERNVAT VT E R, WAKCEHERL, HELMIZ I
WET 5. ZDtk, FEEIKPREIKZICEENE K
AT VT E R EFEBRIC, BN ARFICiinL g &
FEZo5NTWwW5, KBRIZEWTIE, 19754 Kk 0199541 B
BENWKEOREEZIToTD, "VAT VT E NIiZHH
Shkhrotz, L, [E%4 D EUSES (European Union
System for the Evaluation of Chemicals) € 7 )V % w2z
HEORERTIE, BETORVAT VT E ROSEITRE
FOSAAEIZDOWT, KETIE30% U EDEERL T
%, SSIEREADINIFEDREIC BT 5 ALK - 3%
KTORNVAT VT E R OMHMRILE, FARBE T 12pg/]
PRLTWS (BEE, 1999). ZARREICEORVALT
VT ROMEEENPIBFLIELTWE I s, HE
Hi S DM 2 OMHRIRE LA O 1 DORR I 57z &%
ZoN5. 12, APREICE VT, 200342 520054F
D 2 FHT, FCHHARRRER 2P LCEKkPcEENS
RVAT7 VT e FOREZFAEL T&7 (FH, 2005).
Z ORER, RIRREFETH A A & AEAR IR AR T R
EARWEOEAD S IXRVAT VT E FRRKHETH-
7o 3, BEARIRKREFEEWRREEOWAN 51X, 1.0mg/l itk
DEBEEDORVAT VT E RBAKRE IR TWw S (FH,
2005), bEWRHEBERRL L 25T, 1.7mg/l
WL (FH, 2005). 2N SWAKFORVAT VT E
FRHERE L, BEEIC L 2HEHEO#E Y, $203, BE
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BEROPEEAIED ERANEZ S, KVAT VT ERIC
L 2BRBEOBALRZ THETL TS EfEfilan g, K
AT7NWVTERIZ, Bl L) c@mnKIntER2ESz o,
HARIEERR L 72 O B B E L IRERL T2 8 E £ 721
BEKIGL, BlOWEICZI LT, BEMowE: LT
Iz w, g7z, AFREOFEICBVWTDH, K
gt &S N7z RV AT VT E RiZ, BEEL KR L
ANIREE L RBEARE D R LR Z 2 ATREE 2RI L T B ([
H, 2005). &SRO AFIZERL Tw 3 HvA
TIVTE NOBEREE LT, EMANOED AH F T2 I3WAE

EORREM L P FE z oh, ERRICEEREZ L
NEZINh 5,

WEEHR O APEZETIE, "VAT VT E FOBEIER %
FIFHL, AlthEICET 25 0ORE, £/, #ET
WEEEAICAT AR & OB SIcHWw s T
w3 (IPCS, 1989). HATIX, 19814FIC/KEF & D &L
L7NTE ROEHICET 2@EE2HETT->TH D, Bl
DRV e SnTwiz, UL, FEEIF2003E4 Hic 7
7 7 DEFCB T, BT S FEROMERTHAI T
We Z EDEKELLTED, TORENIE L, "VvAT v
TeENEERAS ST EFZoNG, FHRHAEZEELT
&, BIEOEF L IRIOKE TR SNI:DE, KD
FRWMICHREIN TV, 208, FEEHEOWIEC LD ¥
HETORNVAT VT E FOFERFEMCEIEI N, F
7z, RNVATNVTE FOBEHZEIELZERZHAD AT
%<, fBOECBWTHEFICIVRFIShTws, L
L, —¥OETIE, "VATLVTE FOFHFERICL S
IAREZFIHI N 70 <, 2o OEOHNCIE HARITKEY) % %
MM L TWS, ZDOZ X, KEBRZ%HHET 2
BRICEST, "VAT VT E FOERBERE 721%, Sl
FEIZOWTRAIEZE Z Tuhr il s,

1 EAEDEMX, EENORBHICB W TEEED KLV
AT7NVTE REART S (Handler ef al., 1940; Case and
Benevenga, 1977). W 2 BN THEZ R T RV LT
VT E REBRET S0, RSVATIVT e RO
PEAL 2T nE 7 o, w2 o REOEY D EEN
WiE, RVAT VT RORER G T 2 BERENTFEL
Tw% (Haslam ef al., 2002), FFZHR VAT VT ERD
IFRRRE S S IS HE LU SIS, KAV AT VT ER
EHE—DRFERE L THIAT %, CULEMELEMLEY
N <HsntTws (Mateles and Battat, 1974), =2 T
AWFFE T, FEEERREE L VIKOBEKEITY, Z0D
WK EFET ZMBEEOT T, [IVAT VT E ROSE
BERETAMIEZHEEL, ZOEMEICOWTHHEL .

2. Ft & KERAE

2.1 wEKER
YRR E O FAM S % Fig. 1 109, &S Toik
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Kanagawa

Shizuoka

D

Numazu
A

10 km

Shimizu B
Suruga Bay
Izu Peninsula
D

Fig.1 Location of the sampling area in the Izu Peninsula.

A: Awasima, Izunagaoka Town, B: Kifu, Numazu City,
C: Toi port, Toi Town, D: Matsuzaki port, Matsuzaki Town,
E: Ishikiguchi, Izushimoda City.

WBL TiE, E#EK J0.5-Im L) 2R ZFLv T
V7 v— NEIORZCEE, HKC TH SR L 7o RIc 225
BASKWE S WCEEL, BE, RRETTlRxL:. 21
FNOBEMLUIEKEITIZE2 oD E Y2y N TR
DErRE, #0.5~11 % 54 (No.2, ADVANTEC) 2k b
L7z, EX L 72 231, BEO R L KBRS %8
Lz, BEETCHELRELL.

2.2 BKEEADFRILTIVFE FORM

BEL L&A TOWEALIOM # T4 — 27 v —7
(121°C, 1.2 &JE, 2043Rd, SS-235, TOMY) #E L 7=
bOLBEEL T ORHAEL, {2 BWMEFEADM
BAAEZO200ml=ZA7 7 XA EMLUT. S 5I1ThVA
TOTE FOEED 10ppm 2725 X 5 WCEHMUFHELL 7=,
FAELL 7o ¥EAEREN, 25°C, REERSLMICERELA V¥ 2
~—% (CF-305, TOMY) W THzE & 5 ¥ (NR-3, TAITEC)
W&V, 140rpm (JEE) THWES L7z, "VAT VT E
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NI ORI 2L OERIZ Sy 7 7 XA b (WA-FOR,
KYORITSU CHEMICAL-CHECK Lab., Corp.) IZ& b
107z,

2.3 FRILTILTE FDREELXET 2 EEMEDHRE
2-2 DFEERFER LV, WAREETORNVLAT VT E N
FE RIS BRI BN I N D T D &, M
DB R A AT, TARODEER R & D —E AR
LT, ZNETNMIZILI-MEO I v = —%2 BRI -0
B, DHHEERITo2. 29, "AVAT VT E RO
BEanFEN, 107 25 1085122 X 5 B
L 7e ik CERINCHEIRL, Z ORI 1001 2 FEREFH
WCERE L, a2 YT — VB TEREHOERmSERICEA L
Tett, 4 ¥ F ax—% —NT2°C, BERERLHT CHEL
FEL., —EWH (2 —7HM) BB Lck, BRLIza
n=—0n5%b, B PR, K&, 1) OEFESINIL
a0 = — Z2EEFEATGE T2 TR Y BT, L wEKRE;
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HC B U B — RO BB 21T o 72,

2.4 BEEMOFRILLTIVTE R DHREE

BHAGER L D B S @O RV AT VT B Ricx
T ENBEDOERIOVTHET Lz, F-HEES Tz 6 £
(ZB-53, BR-41, T1+ 1, BR-522, BR-521, ZB-51) it
%, BfceEEH (5.0g Tryptone, 1.0g Yeast extract,
30g NaCl % 11 OB KICHEE L 72) % v Tl 2
X DT, FEEREEFRNCIX, TORMEEL L TMI &
DEMERNT 2, 3EOMHEZKE 2D R LTWEIES
i, MRS ORI, SBOEHEIE O BN E L7
HEHWE, WRfE0=M77 X2 (200ml) i< 100ml
D M EHIZ WML, X 51KV AT VT E RS 10ppm
W3 XD EHOBERRAM L., 2L TEL DHEED
AR 2, —EDWE (Awo=0.05) 2% 5 X 5128
FEL 7z, HIMHEE OB, iRz 8 L iR % 0 KRR
L, —EEEEIC 3 55 5ml OISR EE 2 BRI L,
53IEIEEEE (U-3210, HITACHI) 12 X 0, WIEE 660nm
DEEWE LTz, ZOMEMEEMBOBEE L L, Ao &
U7z, AREBICH W M9 B3#ix, 6gNa,HPO,, 3gKH,
PO,, 0.5gNaCl, 1gNH,Cl & 2ml ®» 1MMgSO,-7H,0,
0.1ml ® 1MCaCl,-2H,0, 10ml ® 20% (w/v) 7 ) a2 —
AR AREMZTILE LIcbDTHS (pHT.4).
RIVAT VT & NRE ORI 2 bk, Nash-Hov A
77 e Rk (Nash, 1953) 12 & 1757z, —EREEIC
BEL 2880, SVURTZ 7408 — (0.45um) THi#@
L7z, DWOREERBEO7 X F V7 & b VIEH (150g
Wefg 7 > E=7 A, 3mIEE, 2ml 7€ F V7 & b >,
ZEKT1lwcLeb D) ZEAL, 60°C TLOZ IR L
Totk, AOKTEHHEIL 2., 155 iz IS I RIGEE 415nm
DEZHEIEL, ZOHEMZ Ays & L7z,

2.5 EE (BR-41, ZB-51, T1+1) ORZEOEHEIZ &
BRIVLTIVTE K DODR

RNVAT VT & R OOERED I BEE B S iz 38k
(BR-41, ZB-51, T1+1) %2 Ww<T, B BEPICRER
LTV a—AREN, 723 ERNOSEMET, RLA
TNTE RO EREEBEREL, SVAT VT ER
DHEEBIHIC S 2 2B O W TR LT, TORIE®HES
o THHL S ¥ &Hik 2, Zva—AREINE iz M9
Fi e, BN cwuzn MY —EDEEICE S L9
WL 7z, Bith o RV A7 VT R ORI Nash-&
VAT IVT E RERIC X DT, S E 3G E 660nm
DEZHEL, ZOHEME Ao & L7z,

2.6 BR-41 #RICHITDEHWMD DBV L ZRIVLT IV
e FOHfE

BR-41 k% W T, BBWCEEMEITTREERINL,

RVAT VT E RO L HEOETEIC G 2 25202 D
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THE L7, & TR, FeCls, FeSO,-7H,0, Na,
WO,-2H,0, ZZznZn 3.7X107* mM, 3.6X107*mM,
3.0X10°mM Ic% 2 LK 5 L, MESBESER
(4.4g Na,EDTA-2H,0, 11.7mM FeCl;+6H,0, 0.0427
mM CoSO,-7H,0, 0.0730mM ZnSO,-7H,0, 0.910mM
MnCl;-4H,0, 0.0280mM CuSO,-5H,0, 0.0289mM
Na,MoO,*2H,0% 11 OZEZACEM) 13 M9 5412 Iml/]
DRETHEL 72, FORIREEZTVENLL 72 BR-41 %
Z, B N-R MO B — @ OWEIC % b X O Ic B
L7z, BHiho RV A7 VT B Ko X Nash-& v A
TNTE RIS X VATV, AR E I R 660nm @
1@%@”% L/, %@(ﬁ”fﬁ1ﬁ%} Aeeo el L/fC.

2.7 HEBEOERE

RNVAT VT E R L CoHfERE %~ L7z BR-41 8D
FIEWEL T, MREH T XY =74 T L E—« Y3
>~ (NCIMB Japan CO., LTD) 2{&kfEL, XD FETIT
bivlz, N7 TV 7 OHFEAEE L ToN7 7Y TEOMH
UM R SRR 2R ALIE AT T ORENCHIH 2 15 16S rRNA
#ERT (16S rDNA) I L 258 EEH TN T T7 D
[FEEH Tz, Puregene Kit (Gentra Systems, Men-
neeapolis, MN. U.S.A.) ZfifH L, BR-41%» S DNA ©
B H 21T b, X2 BR-41 % @ 16S rRNA X PCR
(Hanzawa et al., 1995) 12 X v BSIE L, HEEZ] OBk
ExfTRbhiz, BEFENTY 7 v =7 CLUSTAL W
(Tompson et al.,1994) %AW CERERE>EH L, Tk
Wiéek (Saitou and Nei, 1987) 12 & D RS HER S L
7o, R BT 2 BB ORMAERER, 7—Y A b
Z v 7 (X1000) 12X BHE TITh vz,

3. BREEE

AEBTIE, FCRED» S OFERKL EICL B HRVAT IV
FE RFOFEHIE 2 5N Tw2HELEREROD 5 Hih
5 EREE U ¥k ERHE D W TR R BER OB IO W
THEL (Fig ). ZOFEE, 5@&FO > b BH#iH
(HEARA) THE—RILVLAT VT E ROBPBEZ ICHN
7z (Table1). %7, B0kl %, WEEHEL
BWGETERVAT VT E FIREOED %Xy 7 7 A M2
EOREI LI & 22, BWHELZWEE TIRICHRREI®% O ALV
AT NVTE REE1.0ppm 2R L, & 52288 %D
HIE T 0.30ppm OIEIEE £ THWA L7z (Table2)., —
F, WELLEEORVAT VT & REEE, 288
WCBWTH 2.0ppm LLEERFEL THE Y, BELZWEES L
LT, WEEREEOWEDZBE S o7z (Table
2). Zhid, ModEkEHAEORE L HEL Ty, BHED
KGR D B EVF 2 BR TRV AT VT & RO
WEG LT A2MEMNTFET 2 Z enmgInz. X
12, BHIAOHEAKREICHEST 2RV AT VT B ROk
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Remaining formaldehyde(%o)

Fig.2 Degradation process in presence of 10ppm formaldehyde in sterilized seawater, Formaldehyde
concentration in the culture
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Table1 Biodegradation of formaldehyde under aerobic conditions in

seawater samples with pack test.

A: Awasima, Izunagaoka Town, B: Kifu, Numazu City,

C: Toi port, Toi Town, D: Matsuzaki port, Matsuzaki Town,

E: Ishikiguchi, Izushimoda City.

TotalHours Formaldehyde
St. concentration
(h) (
ppm)
A 288 2.0<
B 288 0.3
C 288 2.0<
D 288 10
E 288 2.0<

Table 2 Biodegradation of formaldehyde under aerobic conditions in

seawater (Kifu, Numazu City) with pack test.

Boiled Seawater

Non-boiled Seawater

Hours
Formaldehyde concentration (ppm)
0 10 10
48 2.0< 2.0<
96 2.0< 1.0
144 2.0< 0.75
288 2.0< 0.30

un
=

Time(Days)

mediuum with ZB-53 (X), BR-41 (O), T1-1 (), BR-522 ([)),
BR-521 (@), BR-51 (*), and control (—) are shown.
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DIBG LT A HIE O 21T o 7. Z OfEHE, R E
WK Lzaa=—of, FEBREEDEVLS, 6
FEOME 2N 2PN CHEET 3 Z LN TE 2, Fh
B BEERRIC B W TR E 21TV, 2 OFRI2B W T 10
ppm RNV AT VT E ROBAC D THRE L7 (Fig. 2).
HEtX 7z 6 ko T 3k (T1+1, BR-41, ZB-53 kk)

0.6

(A-1)

0 50 100
0.1
(A-2)
2
005 -
ONY. e
U\O/GS
0 |
0 50 100
0.1
(A-3)

100

Time(h)

WZDOWT, RVAT VT E ROFEDBEEsS N, B,
BR-41 & ZB-53 @ 2 #ki%, FEERBHBE LD & 28k
PEZE N, 2HHEIIZHISY OFRLVAT VT E RO
YostER s nie (Fig. 2). Yo £EN TR, A#HE
BTHRVAT VT E RBER SN, EERICEERRVAT
VT RESMET 272012, TIVATIVTE ROEREED

100

50

Remaining formaldehyde (%)

100

50

Remaining formaldehyde (%)

100

Remaining fermaldehyde (%)

50 -
<>,‘<>
0 o
0 50 100
Time(h)

Fig.3 Cell growth (A) and formaldehyde degradation (B) of the isolated species in the M9
media with (@ or @), or without (O or <>) addition of glucose.

(A) Growth of BR-41 (1), ZB-51 (2), and T1+1 (3) are shown.
(B) The change of formaldehyde remaining percentage in the M9 media.
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ERENIEAT 2 XKIGRDNELT % (Haslam ef al., DRV DBHER SNz 3RIc OV, REFEE LCRIALT

2002) . MIEFICBWTY, FERICKRVAT VT & RO WBAREEIC D W THRET T 2720, Va3 —ADFERDOS

B < MREANA# L% < IkE I Tw s (Mateles HTERZITo7., TI+1EE ZB-53 iz >w»Tid, M9

and Battat, 1974). %7z, KV AT LTt R 2HE—DRE PP ORZETH 2 7NV a—ADERIChrb ST, Ik

FELTHHATZAF e b —7HIEbIMESNL TV S VAT NVT E R ORI L b 7% 5 MO HEE I3 HE

(Hanson and Hanson, 1996)., % 2T, &“WVAT7 VT ENR T o7- (Fig.3). —7F, BR41RIZB W T,
|

(A)

A660

100 Q=m0 rrmQ =i omme o (B)

$ 80
7 60
= 40
£ 20

——

0 ":T‘:"’_;.'-Eq'-a-nr.«.n-.

0 2 4 6
Time(Days)

Fig.4 Effect of different composition of the M9 medium on BR-41 strain growth curves (A) and the
degradation of formaldehyde (B). Symbols: M9 medium with addition of
FFe™ (M), Fe™ (A), Na,WO, (%), trace mixtures (@), or control (@) (without addition).
Open circle (O) symbols are free-cells medium.
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TNA—ADFELETDHT, RVLAT VT E RO LM
faoEsEHZE - (Fig.3). L»L, BR-41KkIcH
WTh 7NV — X DI TIIBEIEE 3, "V ATV
TE REME—DORFFRE L TORMICOWTIIHERTE 2
mo iz,

HERNTORNVAT VT E ROSMBIZBNT, RIVAT
VT FOREEROFRICHBEROBE SN REB INTEY
(Johnson et al., 1993; Waters et al., 2003), \»< DD
EEED, Z OVERICHIBERN 2 1E % R 3 A REMEDSE 2
Shd, SEFEHL 7 MI ik, fiEOEBTRERiE
RS OEIMCESNTEY, RVAT VT E ROECE
L Tw 2 oS o nBEE»FE 2 s, 22T,
AKFEETIX Fe?t, Fe*, Na,WO0,, MESEIESHE %M9
e zhFn 2L, BR-41BOBEE, "V AT
VT E ROBDEBRE LR, £/, IhoDiEEOEE
WEICBWTIE, BRAIBEZEEL 2 WEETKRLVAT
VT E NICxt U CRE £ 3 ERSR . o nwl b %

RLUTHA L., ZO/SE, FoMESBEASER IR
AU 72 M9 £33\ C, 12BFRIBLNICHT 909 D & v 2
TIVTE ROBAPEBE SN (Fig. 4). & 5 ZHEAEIC
DWTIE, M9 EhD A THEEE L 7238 L R L TR
BN EE s Nz (Fig. 4). IhiE, MESEEEGERS
DEBBHRNVLAT VT E ROSFRER, b L <X BR-41
ROEB LB R WETTEDNEAEL, "VAT VT ERE
REPE L UCFIHL T2 ATEEME SRR S iz,

PRTR D7 =21tk % &, 2EOWREEDO VLT VT
b N ORI, FCEHE 2 bR VAT VT E RO

SAEDYE L, BEFEHEK, REHAKOZE LD EH
Zohd (BB, 2004). L L, BE, SVAT VT
t N OB ORE I HBRIEWRETCZEL T» 5,
KIBIZBT B RNVAT VT E FOREBEOFERFENE LT
&, ZOKES AP TR Z 2 B ERIC X DIFRL T
Wi eFzZoNb, TOERICE, KVAT VT ERDOK
VX B IRIREE & ROGHEDE S 72 8 o, YK CRIEEIZ
FHYNCRE LT D, OVEERIGLIzY LTS 2
B2ERI B &, HEkTcEBs 2 AT & BHLD A&
POEIER 7 80 X 2 EVIEN BB ZET oS, 20
Z 3, AFEBROFHELMOEIRE RNV AT VT E R
M S 2R L L €, JER ICRHRRE MRV
HEEWEIE D SR L 72 ¥k, RUVAT VT E R B4
BT HHEPRH S U BRE—BFT 2 (Fig.2). &
AT NVTE ROBEBERICIE, MEENEYFERERN
LTS L, KA LTwE EHEZ NS, AER
T, B2 BRI P BESEOGFET TRVAT VT
E FOSRICEG L T3 afREENRIE S iz, 2D &
75 BR-41 £k % 16S rRNA OEE NI X D [EE 21T
Tole, ZOREE, R E T3 Alteromonadaceae £}
BT 5 2 LB 728, FRUUTOES LN Z D[
TEETIEHES Mo (Fig.b)., b ITEIchiiE Lz D
W Alteromonas macleodii T VY (Fig.5), BWE, I h
DB TIEARIVAT VT E R OHMEZEES L T 2 HIE X
WESN T RN LD, &5IEETNADRED D
BThirrEzoh5,

St, LOVBEBEORVAT VT E R Z2HETE 2HE

Pseudomonas? stanieri

r—BR4l

L-A!teromonas macleodii

Pseudoalteromonas luteoviolacea

Pseudoalteromonas haloplanktis tetraodonis
Pseudoalteromonas undina

— Pseudoaiteromonas haloplanktis haloplanktis

Pseudoalteromonas nigrifaciens
Pseudoalteromonas atlantica

— Pseudoalteromonas carrageenovora

- Pseudoalteromonas espejiana

Bacillus subtilis subtilis

Fig.5 A phylogenetic 16S rRNA-based tree showing relationships between the strain BR-41 and selected

members of the Pseudoalteromonas species.
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RIVAT VT ER (FA) 13, ERICEVEEZRIVETHY, HRRFEEE T, EEkeEroimtic kD
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16S rRNA BT X M 217> 72, % O#E%E, Alteromonadaceae FHIJE T % & L 3HffEE S iz,
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