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Abstract: Escherichia coli, Bacillus subtilis, Staphylococcus aureus, Pseudomonas solanacearum,
Pseudomonas aeruginosa and Bacillus thuringiensis were used as indicator strains respectively, four
antibacterial strains, named as 97, Z11, Z18 and Z19 were screened from 580 strains of bacteria isolated
from Antarctic by the method of agar diffusion. The growth curves, antibacterial curves and phyloge-
netic analysis of 4 antimicrobial strains were studied. The results showed that all of the four strains
reached the log phase when they were cultured 24 h, strain 97 was in the log phase when it was cultured
after 48 h, and the remaining three strains Z11, Z18 and Z19, were in the stationary when they were
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cultured after 60 h. They had the highest antibacterial activity when it was cultured after 84, 96, 72

and 72 h, respectively. Phylogenetic analysis indicated that these four strains belong to genera of

Rheinheimera, Psychrobacter, Pseudomonas and Psychrobacter, respectively.
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FE AN 43 3 R KB FT 8 (Escherichia coli ACCC
10080), A # Zf 4 #F B (Bacillus subtilis ACCC
10115), 4 ¥t {4 % % BK [ (Staphylococcus aureus
ACCCO01331), & i 5 il & (Pseudomonas solana-
cearum ACCC12014), 4 4% 5 P J B (Pseudomonas

aeruginosa ACCC02722), iz 4 2E AT i (Bacillus
thuringiensis ACCC1603),
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IR B B 53 (Zobell 2216E): EA RS g, FEhE
¥y 1 g, REUEI KA A SRR 2:1 I IRBL LB e 5 &
1000 mL, 1x10° Pa {1 K B 20 min,

TR R (g/L): EAME 10, BERER 5, &
fE4H 10, BilE 15, AZEBKERZE 1 L, 1x10° Pa
HBFHCKE 20 min,

1.3 U E M R A E B R IR

BRI R FE T35 5 mL Zobell 2216E 15373k
A (15 mmx150 mm)Hr, FARIEIRG 555746
(10 °C, 150 r/min)}5 3% 7 d, B 1 mL K BEWRAE 4 °C.
12 000 r/min B.0> 15 min, B F3EMHTE TG

LA 11 /) 6 BRIE AR R, RIS Hok
i PRI PE AR . K R SRR R E L 0.1%
() Ll A5 FH DG B 2B R K HEATIE 2 1 RANFR B, SRS
IMAFEIKE G R HE 45 °C AR/ B [ 48 37 3
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U AE I 0 TR EE — 20 0, I T B ) B,
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V4 i 8 2 BT RIS TR AR DL 1% 09 Ll 3R+
$4 30 mL Zobell 2216E 153731 100 mL A =l
H, TR G B3R 4 (10 °C, 150 r/min) 1557, &
12 h 5E i IURE I 2 HEAE 600 nm R A9 OD {8 LAH & 1
AR B, DA v 60 2 1R R A 48 R TR I LB R
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Table 1 Antimicrobial spectrums of the screened

antibiotics producing bacteria

0 P R e P A

;J:E‘_’% i Antibacterial circle diameter of antimicrobial
Indicator strains (mm)
microorganisms
Z11 Z18 97 Z19
B. subtilis 17.6£0.26 17.8+0.34 18.9+0.45 22.0+0.50
E. coli 16.0£0.34 16.6£0.41 15.9+0.26 17.0+0.41
P. aeruginosa 18.5£0.97 18.2+0.29 20.6+0.45 21.4+0.79

S. aureus 22.5£0.43 20.7£0.33 22.0£0.25 22.3+0.86

B. thuringiensis 16.7+£0.38 17.4+0.83 19.840.21 21.5+0.54

P solanacearum 20.5£0.78 20.3+0.74 21.7£0.60 21.9+0.33
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R D) Pim i &R W, 4 BRIGMEE G55 12 h
YA R B PR G T, KESR 24 h S bUE b
R, TERESR 60 h J5 BEA TR BIFRE (B 2) AN 75,
TEVE LR AT, Wbk Z19 A RKIEO &L, Z11
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Growth curves of four antimicrobial bacteria
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Fig. 2 Antibacterial curves of four antimicrobial bacteria

23 EMHEHHRZAESNTER

W 05 18 2 190 M B R EAT 16S TRNA L[ (1)
PCR §"#4, SRJ5H PCR =ik f iy, SRAHKEZ
1.4 kb 1 16S rRNA FLHFFI, 28075 Xt o #r
J&, $HARAE GenBank B, AT 4 NEEFE TS
TS, 435918 HM059656-HMO059659 (3 2). #fiX
6P 5 5 GenBank #4#% /4T BLAST X434,
5 e 2 MM BR 16S rRNA FE K351 [ Y
et PR TR R B L5 an 3 2 i
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Fig. 3 Antibacterial effect of four antimicrobial bacteria
T B IERE 8 A: &R OHERRE; B: MR AT R, C: RIBITH.

Note: Indicator microorganisms: A: Staphylococcus aureus; B: Bacillus subtilis; C: Escherichia coli.
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Table 2 Identification of four antimicrobial bacteria based on their partial 16S rRNA gene sequences

IR K& ARRMAE I 55 TR AR HRARLE M=
Strains Determined length (bp) Closest match similarity Identity (%) Accession number
97 1414 Rheinheimera aquimaris SW-369" (EF076758) 100 HMO059656
Z11 1420 Psychrobacter nivimaris 88/2-7" (AJ313425) 99.13 HMO059657
Z18 1437 Pseudomonas gessardii CIP-105469" (AF74384) 99.45 HM059658
Z19 1417 Psychrobacter nivimaris 88/2-7" (AJ313425) 99.29 HM059659
— eIk, 16S rRNA ZEHF S RPN T 97%, 22 45 5L L 16 )& (Alteromonas) . B 28 B . L 1 )&

Al LA K & TASE R FR, RN T 93%-95%, Al
PUAAJE T A B R 2 AT L, A5 H 43 B
T R AR K 28805 D K 1 GenBank £504is J42 v £ A5 T
FRAY 16S rRNA I K 5 51 2447 7646 AR e i) AR AU
FEAPE I FE 99% LA I, 1 HL IR Bk 97 5 2 W %) 1 ik
[ 16S rRNA K&K 5 S AR B i T 3% 100%.

Xt 6 PE AR B 16S rRNA J¥31 2% ] BioEdit %X
PEFEAT A XS, SRR MEGA 4.0 B ry 4B
$9% (Neighbor-Joining, NJ), ¥ T 4tk EY
T i W AR O FRE AR SR R R R R B, 45
RWE 4 s, ATLUE S, G 30 o i v e 3
A 41 TR 48 (Bacteria) i) AR FE AT 1 | ] (Proteobacteria) )
y- KT B8 49 (p-Proteobacteria), Hivp Z11 #1 Z19 J&
T REE K1 JE (Psychrobacter), 97 J& T1& B2 K H &
(Rheinheimera), Z18 J& TR ¥ 1 J& (Pseudomonas) .

3

R bt 248 P 2 AR i A A 0 PR ) BT ) — A EE R
I, 2 &R TS R M TE 8 (Pesudomonas) |

(Pseudoalteromonas) iﬁf*%}%’(Mlcrococcus) 2
¥ & (Bucillus) . W1 & (Enterubacterium) . ¥FT
)& (Flavobacterium) . % 0,18 J& (Chromtium)35 BT
ZARa ", H AR A BB T R Y D
oA 2, Kamei 26U AR 43 H —
Tl 3 8% 00 4] T Y 40 PG PR 6 26 R TR 7 4 7 AMISN gk )8
TRPMITE . ABFFE i B R AR 218 W)E T’
PR E, MR Z11 FZ19 8 T AT 8
W 97 J& T8 &ERKRE
(Rheinheimera), Lfaﬁﬂﬁfnﬁiiﬁlﬂfﬁ%% (4 F
AR 200 AT v v R LA

4 BRTGPE R s TR AR B I BT AR,
T ELXF 2 22 [ BH P 4 1 R o 22 TG B M 20 o ) B 1A
FHBA WX, ABFFEIN 580 BRORAF BB R 2
O Y 4 BRIE PR R, BRI PR AR 0 BH P AN 3
0.7%. Giudice S MEIMLIEK . WV DI
VLRSI A RE S A B 1Y) 580 RRANTR 1, LAIRIAFTE
T (Escherichia coli) .7 7S TE AT (Proteus mirabilis) |
TR TR T (Micrococcus  luteus)35 48/~ 1, ik

(Psychrobacter),
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70
9i|l Psychrobacter maritimus Pi2-20" (AJ609272)

Psychrobacter jeotgali KCCM-41559" (AF441201)

100

67

80

L Psychrobacter pulmonis CECT-5989" (AJ437696)
Psychrobacter immobilis DSM-7229" (AJ309942)

r Psychrobacter sp. 219 (HM059659)
gq Psychrobacter sp. Z11 (HM059657)

990 Psychrobacter nivimaris 88/2-77 (AJ313425)

Psychrobacter pacificensis IFO-16279T (AB016057)

. — Pseudomonas aeruginosa DSMZ-50071" (X06684)
L Pseudomonas alcaligenes IAM-12411T (D84006)

Pseudomonas ficuserectae LMG-5694" (Z76661)

100 Pseudomonas agarici LMG-2112" (Z76652)
92

99| [~ Pseudomonas sp. Z18 (HM059658)
93L Pseudomonas veronii CIP-104663T (AF064460)

100

Rheinheimera texasensis A62-14BT (AY701891)
Rheinheimera perlucida BA-131T (AM183347)
—— Rheinheimera baltica OSBAC-1T (AJ441080)

| Rheinheimera sp. 97 (HM059656)

100" Rheinheimera aquimaris SW-369" (EF076758)

0.02

Asticcacaulis benevestitus Z-0023T (AM087199)

4 4HRIMBEEEEA 16S rRNA FII ARG LB W
Fig. 4 Phylogenetic tree of four antimicrobial bacteria based on partial 16S rRNA gene sequences
T Asticcacaulis benevestitus Z-0023T (AMO87199) 4 HITESMEE, M LI AR 1000 BURE E 43 e, B /R KF5F S0%M1E L.
F545 H R TR DY GenBank B 565, LU R 2% 77 51 22 5.
Note: Asticcacaulis benevestitus Z-0023" (AM087199) was used as an outgroup. The numbers at the nodes indicate the percentages of occur-

rence in 1000 boot-straped trees, only values that are 50% or greater are shown. The GenBank accession number (in parentheses) is indicated
for each previously described strain, and four tailing strains are registered in GenBank as from HM059656 to HM059659. The scale bar

represents 2% sequence difference.
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[ Zobell 2216E), 7Lk i % & 5= 4 th (10 °C,
150 r/min)$% 5%, AIREIFAHI T HATH 15 PEY) B iy ™
Ao (3) MR, IRE SR R R &0 25
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