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ElR & Klebsiella variicola GN02 £ & 55| & H 5k fa M % 1E
YR RHFIE
wiEE Y B FERD FERA

| EAEBi Rl oAb i BA 364012

2 Wi R SEYBEARREA REAREL RS fE BE 364012

3 MERMKR AR AR MR fEH 350002

B OE (5] —LERAFRsLN S, SEIEAMOXEED, ERERZAIEHHMAE K
HEEMER. [B 4] #A4TE RE Klebsiella variicola GNO2 ¢34 R 72 o#7, T fEasbiast % e
HMAARAFRLEOGEMER. [F%] A KK HEARALE S 697 =48 GNO2 A4k
LAHT, AT H ik ey IS S AR VAT AL MR, [4R] GNO2 A RATSA K%
5RRMAZHEER. b XNEEREE, ZHRZRERROINZBEFES 690 g/L. 2o
F% 1.8x10° Da. Wik [a] 5 75°. #6E[n] 80.28; BABLAAR A FH A4E. FILBAHEE, AH(1-3)
B(1—>6) B4t E 4ty pAR S48, LA % 4B 04 4o sh b dF AR BOlOE [ 458 WAL T K. variicola GNO2
BARKERE LT 7], AT ubfsr 2B ARAAEES . BAMFTRENFR, A TH—-FTH
iZ B RE ol % ¥ G HUIE B A M AN IE A AR R 6948 KA R SR A R

X$#iE: B R, Klebsiella variicola, £B R3], It % 4, &a, SHFH

Gene sequence of nitrogen-fixing bacteria Klebsiella variicola
GNO02 and its association with exopolysaccharide secretion
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Abstract: [Background] Some nitrogen-fixing bacteria can secrete exopolysaccharide, which was closely
related to the host plants, and plays an important role in providing nitrogen and promoting the growth of
plants. [Objective] To analyze the gene sequence of nitrogen-fixing bacteria Klebsiella variicola GN02,
and the structural characteristics of the genes and proteins relating to the secretion of extracellular
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polysaccharides were investigated. [Methods] The whole genome of GNO2 strain was analyzed by the
combination of the second and third-generation sequencing techniques, and the physicochemical and
structural characteristics of its secreted extracellular polysaccharides were also analyzed. [Results] The
genome of GNO2 strain contains many genes and proteins relating to nitrogen metabolism and
polysaccharide synthesis and secretion. The yield of exopolysaccharide extracted by GNO2 strain was 6.90 g/L,

molecular weight was 1.8x10° Da, specific rotation [a]?75° and the viscosity [#] was 80.28. The

polysaccharides consist of glucose, galactose and mannose, which were f-configuration polysaccharides
linked by (1—3) and (1—6) glycoside bonds, and had the characteristic absorption peak in infrared
spectrum. [Conclusion] The genomic sequence of K. variicola GNO2 strain was provided, and the
gene-relating proteins, physicochemical properties and structural properties of extracellular
polysaccharides were analyzed, which helped to further understand the mechanism of exopolysaccharides
secreted by nitrogen-fixing bacteria and to provide the basis for the correlation research of plant growth
promoting effect.

Keywords: Nitrogen-fixing bacteria, Klebsiella variicola, Gene sequence, Exopolysaccharide, Protein,
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Structural characteristic

FH %) N A= [ 2 I (endophytic  diazotroph) /245 fig
TEARFEA YA N ESE, IF 518 EH TS [ A
) —2 A=) Klebsiella variicola GNO2 T A%
h A S B R AR M W) B R B (Pennisetum
giganteum z.x.1in) BAIARL R 73 B35 20— PR EL
A A v [ R T P R R A AR A M B Y P A TR
B, BT I A TR R (Klebsiella) A ; S50 2 il
/N DA R S PRI e Y, 2
MRe 4. JoEE . AR AT R s B A R
(Klebsiella pneumoniae)C\ A 43 RIS B I EAR, AT
el . 29058 RM, K. variicola & —
g DL 5 R G 0 B R, 3l A A T
BE L KL KFRESERARE P AR BB B v
HE5HEDTERBHEAMRE LT LBRPET T —
FERG KRR, J— R F | rES [ A A Py vt
PRI B AR T R A B LR BT 2 T 0 4%
1 0 T AN S PR R TR, BRI B A A T
M5 4R BRAE Ty T R WF TR I, s ER A FR R AR
WA G ARIEEM:, 1 H i & — R e
BRI R T AR N A AR TR AR R A T R
R A T HEMMER], DR — 2 Py A [
R AMLBE S IR AL B W) (g5 R) WA ) A
KM LA R, BT W — Ll s ZHE 2
5T R RIS H—E LR ATEE

DT R 2 3K 2 P A ] 210 T 2 [ U DG BE B mifH
(UE SVNMININ)/ T == Aok LI WSR3 08 DA
ZWEREME . OGN R s . e
A TG T 20 T 1 M b 22 8 v 5 2 S 22 W fn 3
A 240 AP ARG TR 2T S A 2 X T
TR SRS PR PUIYE Ak R0 THRY BT
G HEA RIF RS E R . fEmY R K 7,
EY A Z T R | fh2E A )
S S I S B 5 i SR B I A A PR R
Mg ZHEE AR GAERT, MAZHETE 13 s
ALK PR S g s L e Y TR R, AR T
PMRTERIE K A EREE s A, IS RHARE
A YIRS 18 EAEY) 2 B 5 0 TR B A 2
PRI, T PSR AN B R TE A I R R T
o, ARV, w0 RS 4w st 2
B AARHIZ L4201, 1988 4F Cross S5l T 1]
FTE A FR R S Lo i 25 A Zee i)
K, A&CPA K. variicola GNO2 BEE A £},
iz LT Mlumina MiSeq 77 & A5 AR F5;
ARFNFET PacBioRS 11 7165 12 — AR50l
JF B RS G 1 7 2o HE A 7 4 5 DR 200 T 53 A
FMFRE, T8 K. variicola GNO2 kA 5204
B A3 DG I S R R A T, I LT 43 B A
AN T BRAC R BT . a5 MR A b, 6 A
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Hush R R E A IR A, LA RE A itk —2F
TR ARG 50 6 1 QTR [ 260 AT M 4 2 0 5 s A
PR AE A9 B B SEA,

1 MRET&®

1.1 E#E

K. variicola GNO2, AS5Z50%E M\ A By
R, AR =X HiE T wE IS . 168
rRNA FE PR e AR A 1 RE S 5 I 7 v R (b 2T)
T T A 0 TR R £ A 3 0 DR (SR . CGMICC
1.13619),

1.2 EFE

Ashby TORIEFH(g/L): HEEEE 10.0, KH,PO,
0.2, MgSO47H,0 0.2, NaCl 0.2, CaSO42H,O
0.1, CaCO;5.0, Hifi§ 20.0, pH7.0-7.2,

Wi R BRI (/L) #AHE 10.0, EELRIR M
0.2, MgSO47H,0 0.2, (NH,),HPO, 1.0, KCI
0.2, 0.04%H B4 15 mL, pH 7.0-7.2,

1.3 EFERFIFNEE

WAL 7S %E 3 = H £ (hexadecyl trimethyl
ammonium bromide, CTAB), dtH ZEEFRHEA
FRAH]; DNA marker, REWFE, AP TRCK
YA RAFL 5I1A R, R IR A DR
A BRA

PCR 1%, MF{L, Applied Biosystems 2\ ] ;
LA, BECPENATRA T ; SR,
JrletT (A RA R A ee, ki
FEMGR R A IR AR oK, B
FRPEAEAT IR A A
1.4 K. variicola GN02 £ X E B F

B GNO2 HkkZ Ashby JLAN:IRILIGAL .
30 °C. 180-200 r/min 3 5E 24 h J5, 4 000 r/min 2
O 10 min WAE R, 2 PBS ZEhis ki (pH 7.2)i5 Uk
3 WG, R CTAB P B2 7 2L 5 4
DNA, DL e H4F DNA &, 20752
Wi RS sk T, 31 F (5-AG
AGTTTGATCCTGGCTCAG-3")Fl R(5'-CTACGGC
TACCTTGTTAC GA-3), PCR MW AKZR(25 pL):

JERIZH DNA (5 ng/uL) 1.0 pL, 5xQ5 K ik
5.0 puL, Q5 RATMHS U/uL) 0.25 pL, 5xQ5 High
GC Enhance 5.0 uL., dNTPs (10 mmol/L) 2.0 mL,
5% F (10 pmol/L) 1.5 uL, 54 R (10 pmol/L)
1.5uL, ddH,08.75 uL, PCR J2Jwi&&f4: 98 °C 3 min;
98 °C 30's, 56 °C 30's, 72 °C 90 s, 24 MEH;
72 °C 5 min, GNO2 FFHRAFEHAMTFRH T WGS
(whole genome shotgun)% Mg, w5k H HAA
4 A B BSCPE, P2 FSET Nlumina MiSeq Ml
-6 i 5 AR P EOR FIIE T PacBioRS 11 7
B A A I P R R AH S G 1Y TR X H
HEAT A LR P 2 o IS TAE i i IR AR AR
PR A A7 PR B 58 o X BT AR A 1Y) 757 36 1 0
FEHE K SPAdes genome assembler V3.11.1 /4
P2t Kmer BCOEMBHRATPIE . 44, W
GNO02 Wtk EEAFLS , JHATREE AP 6e
TERR. HAAZSHE Lin kb, 34k K. GN02
[t ESE 2 ey A /Y EP SR IS & S
1.5 K.GNO2 H#kBIN BRI IER. &
MR FR AR
1.5.1 BasM & HERYIZEN

¥ GNO2 FEHETE Ashby LA KSR FiGfL)E,
BOGHUE RIAB B RAE 1% P fE Rl B s & ks
FRIEP A TR IREE SR HE, 30 °C. 180 r/min 3557
48 h, B:FR4595, 4 000 r/min B0 10 min BUE K
100 mL, BG4 2 30 mL 2545, 3 f5ARFH 95%
BEUTIEZHE, 4 °C UKFEFRE L . 4 000 t/min &5
315 min, WORTIHE, WKIKFTOK B, WNill, 4
Bt A Je A TR T . MR T4 GNO2 TR AR
ST AN Z AR E, THE SRR,
1.5.2 BEINSHERIBRLMREE

MEL P LU AN B IEAR . Bite . KA
WL PFENRIRT K . OB, Clk. NI P
i, AT R RE s SR BURN Z 8 BT
AgNO; ., Bfi —JR by —pAes | Bme 25
TR AR SN, e FL M) SO R

Bciil 0.167 mg/mL W 2K, RN
TEASOGT TC ] 1) 2 M W A T 2R A5 A b, 9
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N 200-400 nm, A EEECE A SERE

BiE 10 mg/mL ZHHAW, £ SephadesG-200
EATREENT, 5O H T 2 B o S PR AR
FeBEH S TR B GNO2 k2> T

B 1% GNO2 MsbZHia, KA A siEn
THRE ARS8 B8 310 52 2% 22 W ) B e JEE
FRPEREE . Hob, HREEE AR A
[a]=0/(CXL)
Horr: o FRERIISTOLE, C FREmimmk
FECHL: /100 mL), L FREE KA (dm), 20 cm
FRIFE A
153 RS HEHEMEE

L2 2 R T2 2 AT B B b
KA R A Ak K Smith MY, ZMgE 0
FEMT R LT AN R 2,

2 ZR545H
2.1 K. variicola GNO2 EHkNFEEKXER

GNO2 FFEZ Tlumina MiSeq 74 AL,
PacBioRS II Wl /¥-F-& =AM, ZBRITRITFS
Ja, PHEMIFIIEKEN 5 599 366 bp,
(GHO)mol% % &N 57.41%; A4 FFil 5 152HE (open
reading frame, ORF)%{ 5261 >, ORF G KJ¥ 4 867
812 bp, (G+C)mol% e 58.70%; & )i 4 HEA
iRl TEAFPEHRZE X, NR BdEA 5
173 ZcE AL, eggNOG HHEIFE 4 908 4%,
KEGG $di/F 3 226 %k . Swiss-Prot $dfi/F 4 491
4. GO BEIE 4 189 %%, 4 FiRILHIIREERE
J&, R R IR s FAE R NCBI Bl R, K15
NCBI GenBank BioProject ID: CP31061,

Fe PR3 GNO2 itk F4I{5 B9 NCBI EE
] A 58 1 3 R 4 40 i ) B A /AR Y K
pneumonia 34 WIRHLEL(E 1), WHTELFELAK
/N (GHOmol% F it . EHE I FA . FHEA
Ji4mfi% X (sequence coding for aminoacids in protein,
CDS)A/NFI RNA FE K% B 45 7 48 e, %
B GNO2 HWkHA Klebsiella J& 4T Y 113 K 21
FHIE . {H7E GNO2 TEHRA L IR, KA GNO2 1

WTEE W R RN, HAESE it B ml g &2k
BORTRAS T —SOR M PR, BT GNO2 RPREY
A R
2.2 K. variicola GNO2 H#k & B R A3 E E I g
IS

eggNOG 7P RER], 93.29%% 14 HE
Al B R] egeNOG |, Hirb 2R 51 20 E (function
unknown)JEF BRI L, Wik 1 183 4%, (aHldm
W EE RN 22.49%; fECRMITIRERL I F, Aok
1k & Wy ¥ iz 1AL i} (carbohydrate transport and
metabolism)# i i 2/ 490 2%, 5 9.31%; KA
5 R ¥ iz AL i (amino acid  transport and
metabolism), 460 %%, /i 8.74% (& 1), KEGG £
B, AR B A, B §% 32 (membrane
ik K & & # A ¥ (carbohydrate
metabolism) F1 2 J& iR X, (amino acid metabolism)
AR I R = B e (] 2) 0 AS[RVERH R 2 1 3
IIREERIS R, GNO2 TS 1255 THokik
& W4 (carbohydrate metabolism) Fl 22 F iR 18 15

(amino acid metabolism),

transport) .

F 1 2K Klebsiella H B A H HIE A EFBIFE

Table 1 General features of genomes of 2 Klebsiella strains

Wi H Ttem GNO02 K. pneumoniae

34
SRR Source =N FE K Corn

Pennisetum
giganteum z.Xx.lin

R 0 2
Number of plasmid
FERZH KN 5.60 5.64
Genome size (Mb)
(G+C)mol% content (%) 57.41 57.29
EAsE Tl 5261 5425
Protein-coding sequences (bp)
S CDS K/ 925.2 962.73
Average CDS size (bp)
Gt X 5 86.90 88.2
Percent of coding region (%)
THER RNA #0740 25 25
Number of ribosomal RNA
operons
tRNA % 87 88
Number of tRNA
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COG function classification

1200 -

900 -

600 -

Number of matched genes

300_ I|| | I
o Hm 1 III III ] Ill

ABCDEFGHIJKLMNOPQRSTUVWY Z

Function class

B 1 GNO2 EHkAY eggNOG IhgE R

Figure 1 eggNOG functional classification of GN02 strain

Unclassified  Viral protein family
Unclassified _Poorly characterized
Unclassified Metabolism
Unclassified_ Genetic information grocessmg
Unclassified ~Cellular processes and signaling
Organismal Systems_ Nervous system
Organismal Systems_Immune system
. Organismal Systems_ Excretory system
Organismal Systems Environmental adaptation
Organismal Systems_ Endocrine system
Organismal Systems_ Digestive system
Organismal Systems_ Aging
Metabolism_ Xenobiotics biodegradation and metabolism
Metabolism_ Nucleotide metabolism
Metabolism_ Metabolism of terpenoids and polyketides
Metabolism_ Metabolism of other amino acids
Metabolism_ Metabolism of cofactors and vitamins
Metabolism_Metabolism
Metabolism_ Lipid metabolism
Metabolism_ Glycan biosynthesis and metabolism
Metabolism__ Enzyme families
Metabolism_ Energy metabolism
) . Metabolism_ Carbohydrate metabolism
Metabolism_ Biosynthesis of other secondary metabolites
Metabolism_ Amino acid metabolism
Human Diseases_ Neurodegenerative diseases
Human Diseases _Infectious diseases
Human Diseases_ Immune diseases
Human Diseases_ Endocrine and metabolic diseases
Human Diseases_ Drug resistance
Human Diseases_ Cardiovascular diseases
Human Diseases_ Cancers
Genetic Information Processing_ Translation
Genetic Information Processing_ Transcription
Genetic Information Processing_ Replication and repair
Genetic Information Processing_ Folding, sorting and degradation
Environmental Information Processing_ Signaling molecules and interaction
Environmental Information Processing _ Signal transduction
Environmental Information Processing” Membrane transport
Cellular Processes  Transport and catabolism
Cellular Processes_ Cellular community—prokaryotes
Cellular Processes” Cell motilitK

Cellular Processes_ Cell growth and deatl

Function class

&2 GNO02 E¥kHI KEGG 2 f4tit

Figure 2 KEGG analysis and statistics of GN02 strain

L T e o I O I I Y |

N
(=3
(=}

[P A: RNA processing and modification
.B: Chromatin structure and dynamics
.C: Energy production and conversion
.D: Cell cycle control, cell division, chromosome partitioning
E: Amino acid transport and metabolism
F: Nucleotide transport and metabolism
G: Carbohydrate transport and metabolism
H: Coenzyme transport and metabolism
.I: Lipid transport and metabolism
.J : Translation, ribosomal structure and biogenesis
.K: Transcription
.L: Replication, recombination and repair
M: Cell wall/membrane/envelope biogenesis
=N: Cell motility
.O: Posttranslational modification, protein turnover, chaperones
P: Inorganic ion transport and metabolism
Q: Secondary metabolites biosynthesis, transport and catabolism
.R: General function prediction only
S: Function unknown
lT: Signal transduction mechanisms
.U: Intracellular trafficking, secretion, and vesicular transport
. V: Defensemechanisms
-W: Extracellular structures
. Y: Nuclear structure
.Z: Cytoskeleton

KEGG classification

400 600 800
Numbers of matched genes
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2.3 K. variicola GN02 EHk S R EHEXEE ST
WX GNO2 BRI FE R A, HE2R
WA CIE R R R ST AT in T . SEDLRL (hit)
F) 21 NS REN, E 2 Pon. %45
T, XEE LA OC AR R R R I B R AR

2 GNO2 BEHEZERIBHEXEG ST

Table 2 Analysis of genes related to polysaccharide metabolism in GN02 strain

TR 2R, WIEZNES U ARG ;
R T HRIATRRZHEFOCHIE T CCI74471.1, T9
IE T GNO2 RIS RA I s, kM T 5
HPZHEG T A R EE T WP_000727299.1
WP_053065605.1, WP_071582567.1 5%, ] GNO2

VERCEE A4 75 VERCEE F ik IERCE AR —2dk

Hit name Hit description Hit length (bp) Identity (%)

WP_064180600.1 i Z 403 2 B P AL Py OB L6 S i 256 99.61
Lipopolysaccharide biosynthesis protein, two-domain glycosyltransferase

WP _042947939.1  feZ ik Bl bLbL AL i 11 358 99.72
Putative lipopolysaccharide heptosyltransferase 11

ACI07827.1 R 24 1,2-N-2 B L R 359 100
Putative lipopolysaccharide 1,2-N-acetylglucosaminetransferase

CCZ99657.1 et Y&z O &N 302 99.67
Putative lipopolysaccharide core biosynthesis protein

WP_064144419.1 &Lk BebiSLAL R il 323 99.69
Lipopolysaccharide heptosyltransferase

WP_072121771.1 L4552kt 318 98.11
Putative polysaccharide deacetylase

WP _087833476.1 EZ ki ABC iz E R4 6EH 181 100
Lipopolysaccharide ABC transporter substrate-binding protein

WP_080897330.1 BB R A IR 1 191 98.95
Lipopolysaccharide exporter periplasmic protein

WP_000727299.1 L4 iEH 378 98.41
Polysaccharide export protein

WP 032420268.1 BB A N E 483 96.48
Lipopolysaccharide biosynthesis protein

WP_053065605.1 a4 & 316 98.41
Exopolysaccharide biosynthesis protein

BAUS58953.1 ABC-T) /4 TEREB R SN Bl 234 100
ABC-type polysaccharide/polyol phosphate export permease

WP_061154904.1 e phsHEmE 389 99.74
Lipopolysaccharide assembly protein

WP_071582567.1 & -8 &N 163 99.39
Glycoprotein-polysaccharide metabolism protein

WP_064171244.1 LBl 2 Bl E A K% 417 99.46
Polysaccharide deacetylase familiy protein

WP_049164667.1  g£bE ABC iz & /K fi it 360 99.72
Lipopolysaccharide ABC transporter permease

CEL87612.1 A TR TR S B A 673 99.85
Putative polysaccharide deacetylase associated with biofilm formation

WP_046878950.1 gk N-Z. B H 52 R 11 4L #2 il 246 99.59
Lipopolysaccharide N-acetylmannosaminouronosyl transferase

WP _012969198.1 it ¥& &R 416 99.76
Polysaccharide biosynthesis protein

WP _064169628.1 BB A N E 224 99.44
Lipopolysaccharide biosynthesis protein

CClI74471.1 JEME MR AR WA R 349 100

Capsular polysaccharide biosynthesis
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AR AN A A A 3 [ & PR A CRE I R A b &
nifHDK SE52 88 [0 B AL ), LREA st
ZH, HAHICER ) A vl AR kA e A=V T Y
FHSCAER 7T SR HE RIS IE R AR

2.4 K. variicola GN02 E kBN 2 HEIB{L 1R
LR

241 BMER

FEBCK: 100 mL GNO2 Bk Y & B i 2k
BT 0.69 g, RIZHHERN 6.90 g/L.

— PR . PTERIRY GNO2 TRRRMEST
ML PE R e L 3, SRR iR e
YR & M AREE S, BT K, AgNOs J
i AR F 2R SO . B R S B, el
RN A, FFA 2R SEABEE FURAAE . GNO2
RIS RS BT R K SO S BAYE .
o-FI AT WK A S 2 B, REIZ 2T R
BT ZHE, THAE: o FTY,

SRS . GNO2 BERRIINZ RS MDERE /3T L
K3, SRR RN T 200 nm Ak, (HARL A
B 5280 nm) FIZR (260 nm) Iz IkE, F0] GNO2
Mugh Z A i & A AR BT . W AR .

S FaEE : 4 SephadesG-200 JZHTHEZHT,
ME GNO2 FRRMSN B/ T2 1.8%10° Da.
# 3 GNO2 FHkRIN S HEIELEREE

FUERE AR BE R U . GNO2 B RIS 2
WELHERE R[] % K 75°, K] 80.28.

2.4.2 LEVIRRIRT

ZHEH S 2Rk,
GNO2 TRARIESNZ A T RE A2 0 . 2L H 2
PEHBL(E 4).

WS T: GNO2 FRIFRMES N W iR A 1L
K% Smith FFEENE L5 KUK 4 i, SRS
o0 I R AR, R R % T AR P R AR
B0 1.5 £, H Smith B S5HT#EOC R A
Wi, GNO2 BHRRIEAN W LA BB A 12 7T R
JE(1-3) % (1-6),

ZHELSERIANT . GNO2 BERIAN 2 HELT SN

SR NE 5 PR, ZZPETER 890 nm ik
B ZURIRFIEMIE , 455 A4 5T Il K A i
N, BGUE TN pHRY; eAh, iR BIXZ
FE 198100 nm AbA S EE IR ) Y I SO 5 R E I
Wl s 1 100—1 010 nm AZbAT WEIHHEFRFAE A AL 5
1 421-1 374 nm £ —CH, A8 TE I % ; 1 550 nm .
1 650 nm AbAG B RFAE W % s 1 638 nm 4b
A —OH 25 PR shi i ; 2 920-2 850 nm AbF
C-H (I 4aR3hI%; 3 600-3 000 nm4bE—-OH, —S
s,

Table 3 Identification of physicochemical properties of extracellular polysaccharide from GNO02 strain

GNO2 M4 SR 45 5 N IR

Extracellular polysaccharide of GNO2 strain Results and phenomena of reaction

HERAE
Result determination

FEAHFAE Basic feature
ST =Y s

FLAGEBAR, TR, B TE. A

st Solubility

Milky white powder, tasteless, easy to be
oxidized by air, brown soil color after oxidation
DETORK. AET OB, LBE. TN

Easy soluble in water, but insoluble in ethanol,
ether and acetone

AgNO; L FHE Positive SR 1 S ]

AgNO; reaction Characteristic reaction of polysaccharide
Bl =R S B Negative A& AR

Ninhydrin reaction Contain no protein components

R W T 7K ik S o-FATRE TR s - T R I BESE B 4514 BRI 2 H

Glycosidase hydrolysis reaction a-glucosidase negative; B-glucosidase posies Maybe B-structured polysaccharide

T R P 25 S L P Positive SRR S

Cresol sulfate reaction Characteristic reaction of polysaccharide
i A L S 7 PH4: Positive B2 SRR AT

Anthranone sulfate reaction

Characteristic reaction of polysaccharide
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lér
1.4 ¢
1.2}
§1.0-
Q 08f
© 0.6
0.4}
0.2}

0 1 L L
200 220 240 260

280 300 320 340 360 380 400

Wavelength (nm)

3 GNO2 E#RAEINZ HER SN BT EIE
Figure 3  The ultraviolet spectrum of extracellular
polysaccharides extracellular from GNO02 strain

Fz 4 GNO2 FEFKAEINZ #E Smith BE#HE R N

Table 4 The Smith reaction of extracellular polysaccharide from GNO02 strain

El4 GNo02 FtkiRIN S HEERENRIEE

Figure 4 Thin-layer chromatogram of polysaccharides
from GNO2 strain

W 1: GNO2 TRRMISNZHE; 2. #EWE; 3: PAbE; 4. BT
PR 5. HERRE; 6. BAHE

Note: 1: Extracellular polysaccharide of GNO2 strain; 2: Glucose; 3:
Galactose; 4: Arabinose; 5: Mannose; 6: Rhamnose.

FE THFE R LR R A LR ¢ TR Smith [FFA# 9
Sample Consumption of periodate Formic acid production CEHIEEEEIR FAE) Smith degradation

Ly ) Periodate : Formic acid products

(average molar ratio)

%34 Blank - = = —
GNO2 [H RIS b 25.50 0.15 3:2 R RN kT
Extracellular Glycerol, glucose
polysaccharide of
GNO2 strain

e - ARERAER, TCIELUE.

Note: —: No reaction can occur and that there was no measured value.

a1}
39 ¢
37t
35t
33t

T (%)

31
39

37+
35t

...-.'*'HNl \
"U ’1 i hf‘l J g
i 2
\/ g
2
3 600-3 000|nm E:‘ =
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Figure 5 The infrared spectrum of extracellular polysaccharides from GNO02 strain
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