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(Firmicutes, 9/16), = # H '] (Proteobacteria, 6/16)#23% £ & '] (Actinobacteria, 1/16).
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1 MR E57%E
1.1 HARE

TR A b R BE TR PR ST IR R 2 2
4, FEACR A T E R, SRR E BERE I 1.
1.2 EPS ##1& 7 %

BTG PIR AAHBR 422F T 100 mL Zobell 2216E £5
FREEAMR 5 g/L, FEREKY 1 g/L, BiRmEL 0.01 /L,

x1 REFHEER

1B BT KB D, 7E 28 °C, 120 r/min £/ F R %
12 ho K A8 FOH A Fh 315 95 3 R 10%(v/v) Y L 42
FHENREA 300 mL AAMAIN 10%(w/v)EERERY 2216E
BEFRHEMY 500 mL HEFE R b, LEAIR] OB 9% 461 F B
32 do BEFRWZ 4 000 r/min B5.0 15 min J5, W b
W A5 CBEDINE, 64 CTRER, w08, ¥rugikE
ARG 22 4 000 r/min B0 15 min, FRIF EiERHK
459t 12 TS 43 EPS.

Tab.1 Geographic information of Sample

Fif i) EZ3343 Sty KTE/m x(CO,)/ (mg L") p(CO,)/Pa CH (umol-L™") £ RE/C
2017 4£ 9

17 | 119°17'04.956"E 22°06'58.384"N 1 143 812.34 82.71 13.3 34544 3.674

T x(COy): AL IAE T3 T2 R A L, p(CO,): & AIK S R

1.3 @i

NN SH-SYSY 4 h i 5% K2k oh
7 5) s, ¥ AR RF £ DME/F12(Hyclone)'ft,
TR 5% IR L (Gibeo) Fl 1% 1) 7 5%
2 (Gibeo), BT 37 C. 5%CO, s hii gz, M
Ji s BE A B2 80% M, KA b ot — 1535 B
B T SN B A, 4 40 Ak X0 550 A K B
g AR

1.4 @R eEs

$4 100 pL XFH0 SH-SYSY 4HfiFi 5%10° 4 /ALAY
AT 96 fLIR TG 3R 24 W, FEEIFEFEM,
B R ) 1 i 4R AR L(HL0,) GRIHR 20 51 R 25.50.75
100, 125, 150, 175, 200 umol/L)A¢ il i 56 42 15 5 5k
100 uL M5 24 h, %00 HF AR A MEE (methyl thiazo-
1yl tetrazolium, MTT){ 72 B2 52 1Cs0 H. -
1.5 fafedhn g

MTT ME A& EPS X% SH-SYSY 4Rt
F BT 5 K 100 uL XH500] SH-SYSY 4iififatic 5x10°
AL BEERR T 96 FLARHEE R 24 h 5, #-2RETE
W, A 800 pgrmL ™ (1 EPS Brfhl i 5E 21535 4E 100 pL
FE 24 h, MIALFEAANIITINA S mg-mL ™ (Y MTT10 pL
URZLPEE 4 h, A LW, A 150 uL DMSO 5%
fi#, {3 ] Infinite M1000 PRO fHR{X(TECAN, Fi1)
FE 490 nm I8 52 0 7 9 Y 2 (B (OD) .

1.6 EPS 4R} iE M6 3749
¥ 100 pL X80 SH-SYSY 4ifigd 5x10° 4~/4L

AT 96 fLIR TG 3R 24 W, FEEIFESFEM,
A 800 ug'mL™" fAN[E] EPS il Y58 4R 353 100 pL
BH 2 hJ&, MIA 100 uL BEf% 1Cso 78 1) H,0,
YRS 24 h 5 3R MTT LI E AT 1, PR
EPS X H,O, it i i~ 4 6E T
17—k

K H Bradford fEHKIMAF &G =K, THE
V)RR BT S AT AT o SR FH R T A R 2 T A
1.8 EPS 4T ERE

K R R BRI 3B 15 (3% (HPGPC) % 40 #F EPS (1)
T, 3% TSK GEL G3000Hx #1:(300 mmx
7.8 mm, 7 um)(TOSOH, HZA), #izhi» 0.05 mol/L
Na,SO,, #ii# K 0.50 mL/min. B 10 mg/mL £ EPS
VW, TESTATH 0.22 um BERELE . LUAS e N AR vfE
Fh(9 750, 13050, 36 800, 64 650, 135350, 300 600
Da), #FFEARFR 20 uL.

1.9 EPS #3E40 M %

Be il 10 mgmL ™' EPS A, 24 mol/L =% LR
(TFA){E 105 ‘C FER/Kf# 5 h, RE EZFIR, 2 mol/L
NaOH H1F1f5, ¥ 100 pL A/KA#E S 0.3 mol/L
NaOH (100 pL)F1 0.5 mol/L 1-4%Jk-3-F - 5-nik g ok
fiil (PMP) ! B2V (120 uL)fE 70 C/KIBFMFFIRA
FRE 1 he FATAEIERA I EZNR, 0.3 mol/L
HCI H1, SRJ5 HED7(0.5 mL)ARE =Wk, Y b2
KAH. 28 0.22 pum JEREIUE)S, 4% 20 uL ARFLHERE 2
Hr o PMP AT AE W) 0 1553 2R FH C18 (4384 (4.6 mmx
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250 mm, 5 pm)(Agilent, J%[H), f#if 0.1 mol/L BifiZ
R % v (pH 6.8)F1 Z A8 s AH, AT LBl Ry 83 -
17(v/v, %), Wi#h 0.8 mL/min, (@54 I 8 44510
30 °C, PDA Kl K 245 nm. 11 Flbr v S8 53 51
o D-H# 0. D-Z %/ LA . L-B205 . D-
HIFPEIRERR . D-FZLEIERR . D-Z 2L -J AL A
D-EFLBE . D-AKE . D-FHi 05 L-45 B0 (Sigma-
Aldrich, JE[), PMP AT G B bR A S0 AR %
IR
1.10 EPS HE A4S EFNZT

Biil 10 mg-mL™" EPS I, 4 2 mol/L #HR7E
105 C T R/KfE 4 ho MEEZZ, ZKTREEE
25 mL, i 0.22 pm B o GRERH D H bR
T, A G A T A R R
111 FEEREE RRR

RTE 28 CHEFE 24 h I TEANEE bR A
PHEARFBRA FE 5533k 74 16S tDNA JLH T
YT, BRS040 W TF, 1540R . T4 41 |44 NCBI

3120r
100}
soH

60K

4G F1/%

40

20K

0

¥l R BLAST DIfig #1775 lexf o Ak GenBank
s N M O R IF S B, I MEGA .
Jmodeltest Al PhyMLU2Hfi e fefh: 500k, Frig ity
H Figtree il LA . SEER RO T80 “C HyMAAT
W (20%, w/v)H
2 ERGa
2.1 FEmE EPS RINAY 2R & Mk ik
4 H DY B B 20 220 & A A R AR SR R, R AN
A G AR TR, IR E T R H R
AR D e A S A i, S
k. S, DNA FIRENE DI REREAT, A2 i bR 4l
Dige MIoE st . H,0, i AT, JHER
PR ETIR . AN, H,0, S ALl R
. BT LA, HoO, W] LIAE R 00 0 T340 S b &
P ph R s R . SEOR A AR, vk L AE
50~200 umol/L B H,O, AJifj;i SH-SYSY 4Hfil, 1Cs
FIHE W ELE 100 pmol/L~125 pmol/L 35 Fl Y (K 1a), Ky
LI FEIR AT, BEE 100 pmol/L HyO, AL i

E

K ek
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A AL R B (umol L)
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Neuroprotective ability of EPS in vitro

1:: EPS: JEANRAY; Con: XTHEZH; Neg: HIBIZH; *P<0.05, **P<0.01, ***P<0.001
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1b 0, EPS 7E 800 pg/mL UM E R, MTT ¥E46:
HIE ST 70%. HbnifE 1S010993-5PriA, 4i
ML TIAMETF 70%, AT A A EE . R, EPS
£ 0~800 pg-mL ' B JCH & 40 5 1 . EPS (RSMNIFE
2h/J5E, 45T 100 pmol/L H,O, 457 . [F1%F BRALAH ., X
4T H0, VRN EAB A (Neg), 47T EPS Hl
H,0, VE Ry S5 2H o AT TN R T AL e St o) By 1 A
2| 97 FhUEKE, 20l IR KRS EPS, &L,
P 16 B EPS(4i 50 4. 20, 24, 31, 38, 40,
52, 63, 64, 68, 73, 76, 78, 89, 90, 92, F 2)fE
FIEH N 800 pg-mL™ A AE S 15 S L5401 I il 4
MG IR T 90%, FRWIEA W2 1w 2 i vk (18]
lo). Hi, 450 24, 68, 89, 90 Y EPS &1k H
ITE
2.2 EPSLFHF

X 16 v EPS 43 5l T A2k al, 455 W3R 1

R1 IHEIREVMHZESE. EARSERSTENH

MR 2, NEBES . O ELRRIES kA,
fEGE I EEDTK A 1 )7 U5 B0 EPS B 2%, Kl
BRI 2 S & B AE 14.06%~21.40%22 [d], BCA 2
MEE S RTE 10.66%~31.05%2 8], B RESAL A
I 7E BRIR KL & HHE 2.91%~26.53%2Z 1] . HPGPC 437
UEW] EPS 73 FRAA BRI MIEHEGE 1), 20 =K
I3, SR P4 HERH 43 85 00 5 0k T S A AR A3
alifk., 16 Ff EPS (B4l sl anse 2 s, H &b,
AN . AR . LRI . AR
LFURE S AR B AL, W5 EPS A
BERERZE0E % R 3k B FR 3 vh 5 B RNy, bl
YR R FLE, AR B R D
P FRILFR R, N EPS v H SR A AR &
AR =7, (R A SR N S SRR A0 . A A TR
S UM L A R B IR B T I A R A AR
R 2.

Tab.1 Carbohydrate content, protein content, and molecular weight distribution of 16 types of extracellular polymeric
substances
e BHERYG BEAR SO3 4 k% RER
>200kDa  10~200 kDa <10 kDa
TR
63 19.71£1.51 19.05+2.11 10.32+1.06 681.2 38.0 5.1,2.0
JEBERR ]

4 14.62+1.59 16.92+0.87 3.91£0.35 252.2 30.2 2.0
20 14.06+0.20 18.50+3.40 8.78+0.18 — 34.0 3.0
64 14.35+2.93 20.62+6.05 2.91+0.23 — 34.8,23.8 53
73 18.49+1.23 26.18+4.42 4.46£1.18 298.5 27.5 2.4
76 21.40+0.67 20.42+4.05 16.39+2.70 254.4 355 1.6
68 17.35£1.19 27.34+2.60 22.05+1.84 572.4 37.2 1.9
38 16.68+0.95 21.25+4.50 13.22+0.04 226.4 42.0 1.6
78 18.34£1.70 31.05+£5.70 5.79+0.22 321.0 37.1 1.8
40 17.29+0.74 15.61+£1.92 7.90+0.26 278.4 37.2 1.6

B
89 15.38+0.90 25.48+7.05 26.53+1.20 — — 4.6, 1.1
24 17.14£3.17 20.62+0.03 13.09+0.60 251.9 43.8 6.6, 3.0
31 15.96+2.08 10.66+0.32 3.84+0.31 — 44.8 5.1, 1.8
90 14.58+0.27 29.49+2.05 13.02+1.78 — 36.2 2.0
92 18.46+2.62 28.29+4.18 18.01+0.19 — 40.3 4.8,1.9
52 15.76+0.52 14.15+0.93 1.38+0.11 285.7 17.8 2.8, 1.0
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F2 16 MEEINREEYERIEAM
Tab.2 Monosaccharide composition of 16 types of extracellular polymeric substances
s HORE R (BER D)
Haew SILHAENE BB AR AL C kel Sk A
TR
63 0.10 0.05 — 0.05 0.03 1.00 0.05 —
JERETH]

4 1.00 0.59 — 0.26 0.12 0.84 0.70 —
20 0.20 0.08 — 0.07 0.04 1.00 0.08 —
64 1.00 0.25 — 0.28 0.12 0.78 0.15 —
73 1.00 0.14 0.27 0.26 0.11 0.81 0.14 0.26
76 1.00 0.13 — 0.34 — 0.80 0.15 0.02
68 0.13 — — 0.04 — 1.00 0.04 —
38 1.00 0.10 — 0.07 0.06 0.36 0.11 —
78 1.00 0.30 — 0.29 0.15 — 0.21 0.12
40 1.00 0.20 0.26 0.21 — 0.81 — —

I
89 0.22 0.08 — 0.07 0.04 1.00 0.08 —
24 0.92 0.17 — 0.20 0.10 1.00 0.44 0.31
31 1.00 0.33 — 0.57 0.21 — 0.33 —
90 0.20 0.10 — — — 1.00 — —
92 0.19 0.06 — 0.06 0.03 1.00 0.05 —
52 1.00 0.37 — 0.23 0.12 0.83 0.25 —

23 MBERLER

¥ 3R 16 T EPS X0 g = (R RIS LS, 2300
L 7F, 1540R AEHJ5 5| #3417 16S tDNA 42751734t
MOELERANER 3 s o S5 3R W, 16 BRI 40 18 s
F37T8F9JE 16 Fh. = AN 12: JZLH T T (Actinoba-
cteria, 1/16), JEEEE [ ](Firmicutes, 9/16)F1ZZTE R[]
(Proteobacteria, 6/16). JEERER 1A P ELZE: Bacil-
laceae(8/9), Planococcaceae(1/9); A8 L H [ 1A HAFE
Z%: Halomonadaceae(2/6), Alteromonadaceae(1/6), Ph-
yllobacteriaceae(1/6), Pseudomonadaceae(1/6), Stenot-

rophomonas(1/6). 7EF -2 [, A 8 #RANFIAY
ZEAUAT BRURD 2 BRAS[R] A R PR A
24 AGRFROA

16 A 3% PR TR I TR PR 1 R e F AR Sy il 2
Jion, JERERT . AT TR A 1B S B 45
IR =AM 3. JREERTTRY 9 tRalw, B
Jeotgalibacillus alimentarius A, 4% 8 BRAN L ML
— NS SZ, HE T 2R AT AR (Bacillaceae) . A8
JETETTHY 6 k40 T M [F]— 23 3 th KI5 0 A EAS [A] Y
W2 b, FhiE) 22 W, Wtk Halomonas 4bT
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] — 433, HCAmhah iy ] )3
5
3 Wi

FIAT, 5230 TR U W S 00 28 A5 1 T Y o B 8
TR ZM LG LT, AR IR R R RE T
FTRIZSTE R T TR ARE, TR T T ICAE AR D 8 &
PV B, fECHRIE B EPS A 52 K R B T T R 4N
W, KZJE LAZF AR GO AR A 5 BE TR 1) A1 2L 3h 5
JELER S S AR T B 11050 AR T 4 I M R A 25
FEJT, FTE XA A, 16 MTEPER bR, JERE
WA 9 #k, Hhh 8 tR¥E & WEFBir®w, HAH 6
WIE TR R, Hrb 2 MOZERmiE . gk ko
FAFE, 16 tRiGTER ALK AT 16S rDNA I
FEMRNE LR, FEA =AM = AT 4
o S. maltophilia 5 Xanthomnas campestris [F))J& T
Xanthomonadaceae Bl, 5 & BEIRICH TFEHE ., &
JE AR A . FLARR . RRER], CaT
TR AMAES TS 2T, 2 H A A
D E R K IAE Y Z 0P, X campestris BN K
AR IR ECY, 5HERY S. maltophilia V] BETE

WA R, A0 Y

&3
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FE R 3 8 b ) TG AR B, T AR R AR A R B
[ AR bR 0 0 & 22 55 0 B0 16 RS 40 TR ik
— I T T AR, LA D. maris b S25 % 42T

x3 16 AR RIFE SR

Tab.3 Genus classification corresponding to 16 strains

TSNP G R BT SE, H EPS REAE RS N
ZMAIY), TERFRICACE 7= R0, A5 AL
Ay S i1 A 0 2 T )

%> i B Ja NCBI %> —HE/%
Actinobacteria Phylum
63 Dietzia maris Dietziaceae Dietzia MT534560.1 100.00
Firmicutes Phylum
4 Bacillus cereus MGO011544.1 99.93
20 Bacillus subtilis MT645613.1 100.00
64 Bacillus sp.BA(2014) KMO054693.1 99.72
73 Bacillus sp. YDC2-P . Bacillus EU781520.1 99.66
) ) . Bacillaceae
76 Bacillus sp.(in: Bacteria) MG309534.1 99.86
68 Bacillus thuringiensis KY316407.1 99.93
38 Bacillus toyonensis MT605503.1 100.00
78 Cytobacillus firmus Cytobacillus MF177874.1 100.00
40 Jeotgalibacillus alimentarius Planococcaceae Jeotgalibacillus MN865989.1 99.72
Proteobacteria Phylum
89 Halomonas aquamarina EU440965.1 99.86
Halomonadaceae Halomonas
24 Halomonas sp. LC507431.1 100.00
31 Marinobacter sp. HO54 Alteromonadaceae Marinobacter KJ577049.1 99.79
90 Mesorhizobium sp. G2DM-29  Phyllobacteriaceae =~ Mesorhizobium DQ416795.1 99.49
92 Pseudomonas stutzeri Pseudomonadaceae Pseudomonas JX177718.1 99.79
52 Stenotrophomonas maltophilia Xanthomonadaceae Stenotrophomonas KJ719580.1 99.79
78 Cytobacillus_firmus
76 Bacillus sp.(in: Bacteria)
73 Bacillus sp. YDC2-P
64 Bacillus sp.BA(2014)
20 Bacillus_subtilis Firmicutes
68 Bacillus thuringiensis
0.0876 38 Bacillus_toyonensis
4 Bacillus cereus
40 Jeotgalibacillus alimentarius
0187 63 Dietzia_maris Actinobacteria
00965 90 Mesorhizobium_sp. G2DM-29
0.0499 0089 52 Stenotrophomonas_maltophilia
0.034 1 0.050 6 ;
------------------ 92 Pseudomonas_stutzeri Proteobacteria
0.0308 0.0413 _
S SSERTTIIILIL 31_Marinobacter_sp. HO54
0.017 3 0
0.071 1 T 89 Halomonas aquamarina
Ol 24 Halomonas _sp.

84

0.03

K2 16 BRIRIERBR A R GBI
Fig. 2 Phylogenetic tree of 16 abyssal strains
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16 7 EPS L2z i, S, 3 H RBRMR AL N

I35 e AR AE 14.06%~21.40%, 10.66%~31.05%
Fl 2.91%~26.53%ulE N, If Hor a0 i 2 =By
A7, a7 HEBE BRE AT LSRR B Ak, X s
i EPS HiG sy + oA Fl. J34h, 16 F EPS By HL
BEL R b, R R AR R R R R, 2
FH AT (0 M Ak Z2 5 R SRR AE O 2 A b e b
W, 16 BRI RERBHE L EA X T EPS ISR,
BRI AR 1-4 FERERY B-D- A AR 4L )
YR ERE, B AR > A
TS T R VP 1 8 0 7 R 2 R 1 = O S R 3%, 454
HoH R AR AR RR=2 © 2 1 1YL 4
73 1 0 5 SRS B A 43 F 2 7E 100~1 000 kDal*,
1E S. maltophilia $E8U) EPS v, &8 IR H 3
ol HBIEIT 403 01, IR FRAE 285.7 kDa,
P30T B DS S M I, TT A Sk T R Y B R R A
FERRMETE o ARSI A RE A SR AR I R R I
R 5 o 0 A0 i PR AR, 2 FELAT VAT T o8 2 6 1) 2 R L o)
REAEIE N X A I, ZEM ) EPS X F4EREE
RS R T EEN ., BT, CHEE 02T A R
(LA 22 0 32 B0 o T R, AR AL, AT
FUBE AL b, LA MU RE Tl sl 4 Rl T 7
5045 8 MR IE PR ZE AT 1R 7 A2 1 EPS BB 2 K — 3L
WAN, 4B A EEN SIS Alteromonas™, Ha-
lomonas“HI Pseudomonas™ W H I IR T GEfE &
B EPS MG, B4 ASRAE T SO Al b Sy 5
A ARBERCEZLBERE R, V7 2 B R0 AE YT 1,
WU . PrEfl . R YRR LA FLAL AR 0155 .
Wk E WS AN EPS K&, EPS (4 Wi 1tk [R] Horp iy &2
Wi B DIAOC, IXERE ARSI e R f 16 Fh
EPS A4 1 22 {47 7 1 th, 135 AS T 5 ey 2208 i 40 A A A,
T 2 X EPS #E—20 Ay B alifh TAE, RITIE R
Gy, IG5 22 WSS R A 7 R S B4 A A A
HEZHE,

S Z ik
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Screening of bacterial extracellular polymeric substances
with neuroprotective activity from the South China Sea
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Abstract: In this study, extracellular polymeric substances (EPS) of deep-sea bacteria were extracted by the
traditional alcohol-precipitated method. To establish the oxidative damage model on SH-SY5Y human neuroblasts,
hydrogen peroxide was used as the damaging agent. The neuroprotective activity of EPS in vitro was evaluated at a
safe dose. Then 16 different types of EPS were screened for positive neuroprotective activity (cell viability over
90%). Component analysis of 16 kinds of EPS revealed that: (1) the molecular weight distribution of the
aforementioned EPS followed a three-step formula, with over 200 kDa, 10~200 kDa, and less than 10 kDa,
respectively. (2) In addition to Man and Glec, rare monosaccharides such as GlcN, Rha, GlcA, GalN, Gal, and Fuc
were also found in the monosaccharide composition of the above EPS. (3) Overall, the total sugar contents of the
above EPS ranged from 14.06% to 21.40%, the protein contents of the above EPS were between 10.66% and
31.05%, and the SOJ the content of the aforementioned EPS ranged from 2.91% to 26.53%. Besides, the results
from the whole 16S rDNA sequence of the activity-positive strains were compared with GenBank to complete the
strain identification. The findings depicted that 16 strains of deep-sea bacteria belonged to 3 phyla, 8 families, 9
genera, and 16 species, and the 3 phyla were Firmicutes (9/16), Proteobacteria (6/16), and Actinobacteria (1/16). A
phylogenetic tree was constructed by Mega 7.0 and Figtree v1.4.4.
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