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Abstract: The freezing, melting, enthalpy change and hydration properties of Antarctic bacterial exopolysaccharides
(EPSs) solutions have been investigated by differential scanning calorimetry, and the possible relations between
concentration, molecular weight and antifreezing activities of exopolysaccharides have also been analyzed. Experimental
results showed that, during the course of freezing, only Pseudoalteromonas sp. S-15-13 EPSs (molecular weight, 6.2 x 10*
Da) at 0.25% could inhibit nucleation of ice, and depress the freezing temperature by (1.07 £0.62) °C. Reduction of
freezing enthalpies meant the inhibited growth of ice nuclei and reduced size of crystallites. As compared with pure water,
Shewanella sp. 5-1-11-4 EPSs ( molecular weight, 1.2 x 10°Da) and Moritella sp. 2-5-10-1 EPSs ( molecular weight, 3.0
x10°Da) at 0. 125% could reduce freezing enthalpies by 17. 15% and 29. 13% , respectively. S-15-13 EPSs ranged
between 0. 125% —0.5% could reduce freezing enthalpies, EPSs at 0. 125% could reduce freezing enthalpy by 30% , and
its non-freezing water was (0. 292 + 0. 05) g/g. During the course of freezing, all the EPSs reduced the melting
temperature and melting enthalpies, thereby enhanced the ice melting and reduced the size of crystallites. As compared with

pure water, EPSs of 5-1-11-4 and 2-5-10-1 at 4.0% , EPSs of S-15-13 at 0.5% reduced the melting temperatures by
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(2.70 £0.15)C, (2.30+0.39)C and (4.66 £0.42) °C, respectively. The results of this study suggested that, EPSs
could change the freezing properties of ambient water to defense bacteria from the harm of ice. The anti-crystallites effect of

EPSs was stronger with a higher molecular weight.

Key Words: Antarctic bacteria; exopolysaccharides; freezing properties; differential scanning calorimetry

R AUAR A A ) (T8 R AN L TR ) 7T 4300 7™ A K 2 ¥ 41 22 8 ( Exopolysaccharides , & #% EPSs) ,EPSs J™
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B IFTE 6 AL B2 SR H BR BN, TR S SR VR il ) TR 52 B ) 55 L 40 1 H B SRME B4R AR OG5 1% EPSs 7] BB
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1.2 7 EPSs Btk 4 & #Y i ik
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R 20 T B V& KRG PR R/, DA 200 Z2REE IR B ) 25 3R4% 30 220k ™ EPSs 411, I X407 EPSs Ju 8,
TNDASGIE . P 3 Bk, #29E 16S tDNA PCR 38 Sl , %58 HA 44 4 Pseudoalteromonas sp. S-15-13
Moritella sp. 2-5-10-1 F1 Shewanella sp. 5-1-11-4 33647 —E 5%

2.2 Moritella sp. 2-5-10-1 FI Shewanella sp. 5-1-11-4 EPSs 43> F & Kl E 45 5%

EL 38 , Pseudoalteromonas sp. S-15-13 EPSs 4> F 84 6.2 x 10°Da'""’ | 2 & %8t e AL ( GPC) il 52,
Moritella sp. 2-5-10-1 EPSs {43+ F &4 3.0 x 10°Da, Shewanella sp. 5-1-11-4 EPSs 4> F 54 1.2 x10°Da,
2.3 EPSs znE AR

VB R FEIRET , B3 Y B — R E A T iR1%R 4SS, K Pseudoalteromonas sp. S-15-13 \Moritella sp. 2-5-10-
1 1 Shewanella sp. 5-1-11-4 EPSs £ 0. 125% ~4.0% W TG B N , IKAZTE BUE SE RV A= K ; [6 45 S 72
AHEG, TR 0 Al AR N E B SE TR BE YO BB N S8 Al T8 1 #5538 T 4. 0% 1) Moritella sp. 2-5-10-1 EPSs %W 1)
ZrEREML.

2.4 EPSs SEBRZSIRE TR0

JUFH EPSs X TR ANl 2 Firzn o SlK RESIREE R - 23.159C,0.125% ~4.0% ) 5-1-11-4 EPSs

12-5-10-1 EPSs ¥R T3 T 2K i , Ul B0k BEVE B X P Ff EPSs {2 8F T UK 4E . S-15-13EPSs

a =1
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S-15-13 EPSs ) T, B BAL F4iK 19, 76 0. 125% ~
0. 5% WIS I, T, BV BE 3 I P AR, 0. 5% B 3% 3] f
A8, T, B AK IR (4. 66 £0.42)C . Z5RULHA, A
[FIVR BE SRR 28 EPSs #7] BRARYE W ) T, , T AR 2
VIR, F 20T EPSs X vk S BV F B

3 Hy0 B 40%
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Moritella sp. Pseudoalteromonas sp.
S-15-13

HESIRECC)
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B2 RIFIREE (¥ LRI REAR AN S EPSs 3o A MR VR 425 T BE ¥ s )
Fig. 2 Effect of several Antarctic bacterial EPSs at different

concentrations on freezing temperature of solutions
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Fig. 1 Cooling and heating curves for EPSs solutions
LA 4.0% Moritella sp. 2-5-10-1 f) EPSs WA H,1 R4k ik ,2
FiE R £ The sample was EPSs of Moritella sp. 2-5-10-1,
dissolved in water at a concentration of 4. 0%. 1. The transition
temperature and enthalpy are shown for the cooling curve. 2. The

transition temperature and enthalpy are shown for the heating curve

vz 0.125% T 2.0%
NN 0.25% D 1.0% . 4.0%
Shewanella sp. Moritella sp. Pseudoalteromonas sp.

S-15-13

Y RIREECC)
Melting temperature
|
w

_6__

B3 ORI EE LRI R AR A0 P EPSs X ¥ VB0 Rl I BE iR 5
Fig. 3 Effect of several Antarctic bacterial EPSs at different

concentrations on melting temperature of solutions

LV TR VA RS, b R B, RIS MR G5 K PR AR, 5-1-11-4 EPSs il 2-5-10-1 EPSs ¥ 7E
0. 125% B} , ZRE5 RS 3 47K 1 43 B ARG 17. 15% F129.13% 3S-15-13 EPSs 7£ 0. 125% ~4.0% YR BETEE N , 745
FEYME T LK 19,0, 125% B A K FIREAR T 30% , 4nfE 4 s . S55R UL, B 4> 7 & EPSs XFIE 4S5 it 2
FIIMHIVE S TR TR KK E EPSs XHE RS b BAMEERS TERER,
2.7 EPSs XHEBLKE R

5 il ) 6 ) AR T A0 T DAVERA b S B EPSs VR K IR ZS , BE G TR AL T 2 I /K 7] S 300K SR 8 A
IN, B E RIS RS . AR RF4r T2 i EPSs VTR B0 RS 1958 4K A%, (B3 T B B I A 1
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55 5-1-11-4 EPSs f12-5-10-1 EPSs ALt ,S-15-13 EPSs 7£ 1.0% ~4. 0% 5l P , K @ik v MO R BE B A 2,
Bl5 from o

3 H.0, 025% [0 1.0% Sl 4.0% 3 H,0, 025% [ 1.0% HEEl 4.0%
0.125% & 5% wEmm 2.0% 0.125% &8 0.5% I 2.0%
Shewanella sp. Moritella sp. Pseudoalteromonas sp. 400 —
5-1-1 13 350 L
300 —
iy
o 7 7%
=250 7 7
= =2 7 7
BE £ 52001 é % g
=5 *"i £ % % %
irg 3 Lg 150 |- Z/ é %
V.S 7 /
83 100 |- g é %
5-1-11-4 2-5-10-1 S-15-13
Shewanella sp. Moritella sp. Pseudoalteromonas sp.
K4 AR EE LR 0B EPSs X IRRES KA IR B S OR[EIMBE R LR R AR 4 EPSs X BUE RS 152 1
Fig. 4 Effect of several Antarctic bacterial EPSs at different Fig. 5 Effect of several Antarctic bacterial EPSs at different
concentrations on freezing enthalpy of solutions concentrations on melting enthalpy of solutions

2.8 EPSs VWK AR K00

LR SR Z BT REE , SR AKEER, B THFE /K& R TR AR,
KAZAE R ARG UK ETE BN e ATRK & B SRR B T 3 R 45 & /K I RE 158 55 , AR 3B AR /K T B A
PIiEH,5-1-11-4EPSs 1 2-5-10-1EPSs ¥ 7E 0. 125% B, A%k & 820515 (0.095 £0.07) g/g F1(0. 173
+0.10)g/g. 0.125% ¥ S-15-13EPSs NVHRK S &N (0.292 £0.05) g/g, H5/KMZEE GBS & I®, I3k 1
iz

%= 1 Pseudoalteromonas sp. S-15-13 EPSs 3A & A& /K S BRI
Fig. 1 Effect of Pseudoalteromonas sp. S-15-13 EPSs on non-freezing water of solution

Y& BF Concentration (% ) 0 0.125 0.25 0.5
A7K Non-freezing water (g/g) 0 0.292 +0.05 0.172 £0.01 0.015 £0.04
3 itig

AT, EAM 4 R BN B A V- M 37 S5 kA0 4 WU EPSs xR st i 2 4 (IR IR R
PR . ABToTiE s A Rl T B AU R BE (LA R R 4 B8 EPSs X R S 1 A L K il Ao AR 1R
i B U, N 2 A B, S B A e S A IR IRE R PE R K R o

(1)3 7 EPSs I RAERS AT , R REMREE K3 BE EPSs RIS AR 2 A R LA 0.25% /Y
S-15-13 EPSs FJ ARG IR, MHI vk =4 . Rk EEJE BT ,5-1-11-4 EPSs 2-5-10-1 EPSs Al S-15-13
EPSs HIURE R BT 2K Y, Ui B BE (9 EPSs AT EVE VR Y 0K A% A KRG, UK AR TE 4 /e 0. 125% Y S-
15-13 EPSs (A GR/K & 824 (0.292 £0.05) /g, i T H WEERSARIR AR £ —BEATN =BE7E 5. 0% AR
KB (43510 0. 173g/g F10.150g/g) ™), BRSO 2 B BRI /K Z 1Al A S O T s 5 L 1SR
TRREDR , ZK I 0 BRI 20 B vk i A KOS R AR 5, BB LT BUB S 58 . 45 2R — 2 IEW , A EPSs 30
R Pyt R R RO e B B S ARSI IB ) EPSs BUAE T W IR URGE R , SRR MUK I PR A
K AR AR R DIAR K

(2) SUHL ML, & Fh EPSs Xtk F R B/ EFE BB o ARV 945 Fh EPSs 3] AR 80%
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ol 5L B2 AR RS , PRk UK R A B R D o IESE R 5 S R KR IR G35 15 9 S-15-13 EPSs A i
VRS RIRE AR -2 . BT EPSs AR RIER™ L SHRE A M AR R, 7T i 28
T BRI R KA B B P55 B 088 vk A R T 10 3 7K A , LA TS0 VA Y 65 40 0 E 7T, 2 T 490 4 KA BT B
AR

(3)8-15-13 EPSs (1, 2)a-D-Man 55 FF7E 6 AL LA XM HBERME(6.2 x10°Da) " o HHE
PIRPSrF B HY) ESPs #H L, S-15-13 EPSs XA RIREE | URE5 K8 RIS Bl kS BOFFRARBEE B R o Liu 1 Cowman [
PR R, R o F R AEIIAR (2. 1 x 10°Da) B4R 4 B3 KA (9 30 5/ FIAG SE B, OF S 3 WK
EEESHRE . FRA BN EPSs AT MOMEHEA 2 B 45 FIVE T4 Tl 45 S L& 18 fin, S8 1f EPSs RR
SRR NG UK = AR AR R A O M UKAR B EPSs 4 TR W TR ISR, B T BA —&
7K AR, S 5 T B 5 T2 7K R W A B 0 2 R, SR KB R AR K, 7T REZ: EPSs 72T
oK AR BARIRAE DL ) 75 — B ZEAILH
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