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Isolation and Identification of Associated Bacteria from Nostoc flagelliforme
and Its Effects on Physiological Metabolism of Nostoc flagelliforme

HAN Chengfeng, LIN Yahui, LIU Shuting, HAN Peipei, JIA Shiru
(College of Biotechnology, Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: In our study we intended to study, the effects of the associated bacteria of Nostoc flagelliforme on its physiologic-
al metabolism so as to further understand the growth system of N. flagelliforme and the interaction between N. flagelliforme
and associated bacteria. Eleven strains of associated bacteria were isolated from N. flagelliforme solid medium by plate scrib-
ing method. The species of N-acylhomoserine lactone-like molecules (AHLs) were identified in associated bacteria by high
performance liquid chromatography-quadrupole time-of-flight mass spectrometry (LC-qToF-MS). From the mass spectrum,
we found that Microbacterium sp. ABNF-1 produced C,-HSL, Rhizobium sp. ABNF-4 produced Cs-HSL, C,-HSL and Ci,-
HSL, Gordonia sp. ABNF-9 produced C¢-HSL and C,(-HSL, and Pseudomonas balearica sp. ABNF-10 produced C;,-HSL
and C,-HSL. The analysis of metabolites in the co-culture of N. flagelliforme and AHLs producing bacteria showed that the
score of principal component analysis (PCA-X) and orthogonal partial least squares discrimination analysis (OPLS-DA)
showed obvious dispersion, indicating that the metabolites in the co-culture group changed, and the fatty acid metabolism
and carbon metabolism of N. flagelliforme changed significantly. Through exogenous addition of AHLs, we found that when
the concentration of signal molecules exceeded 5 umol/L, it promoted the accumulation of capsular polysaccharide,
increased the total sugar content of cells, and significantly affected the polysaccharide yield of N. flagelliforme, which further
indicated that AHLs could affect the growth and metabolism of N. flagelliforme cells.
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1.2 EMIEFRE
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W, FRAMIBTIE SE 4, 35 EIE RS R T8 i JC i Y
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B 100 uL HEIATE BGI [BAEAR |, BT 25°C
SRR AR R R SR, AR B R I (IR SR BT
%), PRIUE AN [ (14 TR 7% ol FH 42 Fh PRl R[] — >
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2, KRV S PRI 2 A T alifh. B
LB “Fal 75 A, PR TS ET TR V% PCR.

KM 16S tDNA EFH51Y) 1492R H1 27F i#kfy
16S rDNA SEEP 3 , F F AT AR X 471 22 5 60 AS [ 1
J& AP T 2R 4 E . 1492R : 5-AACTGGA
GGAAGGTGGGGA-3', 27F : 5~AGGAGGTGATCCA
ACCGCA-3'. PCR ¥ 34 %4 : 95 CHiAE M 5Smin;
95 ‘CAxME 30s, 54 CiR k 30, 72 ‘CHEfH 1105, 30 4~
PEFR; 72 CALEfH 10 min.

1.4 AHLs FEBREMAITIEE LR AHLs M
LT

Y A= W) A AR AR AT B (Agrobacterium tume-
faciens) A136 REPLEAIN PR A2 A5 7= BRI N A5 5
53 AHLs, W 0T LIkt AHLs 77 AE .

Y REE 7 A BB (5540 F I WA TR T LB
R, 28 °C L 180 t/min $57E BXTEUNG | 595
F 4°C.5000r/min £5.0> 20 min. B EIEB R
A 0.5% HERI IR CBRZEH, I3 IR, 79
FEBAYUA. ¥ BRI 28R TR A BOR B T e
EEZR RACN AT M 4 , i FH G K FR I A v 4 1 A
i, EARE SmL, 20 CLRAF# . Bl & Lr ikE i
A o R RCROR £ 1% - DU AT AT A T % (LC-qToF-
MS) AT 73BT, 280 B A BN 5 4 - B R
25, HARERAE 251 I 225 SRk [12].
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VE. M ELOE IS EER BG11 KiFRIt, IR CHR
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0.4, BHRMRHRRICREE 4750 1 0.35 ~ 0.40, XJ it
AN, 25 3 P47, 24 °C L1000 Ix SGRE A
TREFE, BREDFERE 1 K ELERFE 20d J5, P
FE RSN /N Y. S dn i N AR P i
O WE25 SCHR13]). SR A SEREREAL X AR i 254 7
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et PSR 35— S g M FH(SOR AR it i2E 4 7 P R
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2min, Pk 5 °C/min F+ & 290 °C, 290 C{#4F 6 min. I#
FIZER 8 min. HAiER SCAN #EX, FHH# m/z 8
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KM Meschem o . A 3 BB & e P
Z 4t (AMDIS) A4 AU 4 0 S0RE £ 3 - JoT 110G
FRRINZE R, FCIH e T AL AR 5 S8 WG TR
H0, WIRIESE 0.1, JHUERIN OFF, ®ItREIE 15.0.
BRI E 3 P47, FIH SIMCA-P 14.1 XV J5ihh
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1.7 EXESHESENNE

SR FH AR B~ B 2 2 S b 2 i A i),
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() PBS SZoPiR kY 3 Wk, O T, BHEE UM A, M 5
EB TR 1 120 BHAIIAEE 7K,
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B B, DAE LR 2 (CPS)!. SR R B - B R
NE VW I S, AR SR T A B
A JoF TR 2 ) ST S M
1.8 RFMEMEPBELIENNE

FA PR IS PR AT, BURE S (7, , mL) B
FELAH, 4000 r/min 2.0 10 min, 3555 FIEH, K
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4 “CUKFE ke G R, PRZEAR RG340, B
FVEW. VAW RO S I 665 nm | 470 nm
TR, FEBOR P AR SR (g, » ng/mL) |
KEAE PR E (pg, » pg/mL) #28 (2) 12t 3) 11

|2
Peia = 13.43X Agqs X% 2)
iR
Peo = 1000% A,,, —44.76 % 4, 9 Vs
Car 221 V

e
1.9 HUESH
B B w2 A A 9ok A SPSS 20.0 A TR
XPFEAS ¢ K5, *Fn gl Bl HA B4 25 (P<<0.05).
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2 ZR54HH
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B PCR 25 A& 1 FiR.
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Fig.1 PCR band diagram of associated bacteria
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X, ZABRAEA R AR, LIRS R 11 AR
[F PR T, S IOR HE A SR o 2 T B e R AR (A e e 114
AR AR AR I B2 GR 1), B H il e 44

AEHEREEE H38E FH14

ABNF-1 . ABNF-2 | ABNF-3 . ABNF-4 | ABNF-5 .
ABNF-6 , ABNF-7 . ABNF-8 , ABNF-9 . ABNF-10 #0I
ABNF-11, HAay£#L0 ABNF-X.

# 1 ABNF RIIEHREREFFIHEEUEEE R

Tab.1 Comparison of gene sequence similarity of ABNF series strains

(LS AL R AR R % HARIE% %'
ABNF-1 Microbacterium sp. strain H200-610 100 100 MG754432.1
ABNF-2 Gordonia terrae sp.strain CLC-M30 100 100 MH518251.1
ABNF-3 Pseudomonas balearica sp. strain Y70 99 99 KU601277.1
ABNF-4 Rhizobium sp. strain ICMP 22291 100 99 MH392632.1
ABNF-5 Sphingopyxis sp. strain E12-3 99 100 KY938148.1
ABNF-6 Variovorax sp. BS1 100 100 FJ594446.1
ABNF-7 Blastomonas natatoria sp.strain E8-5 99 99 KY938126.1
ABNF-8 Agrobacterium sp. ZY SR66 100 100 AB905494.1
ABNF-9 Variovorax paradoxus sp. strain AL402 100 100 MG819280.1
ABNF-10 Pseudomonas balearica sp. strain Y91 100 100 KU601285.1
ABNF-11 Ochrobactrum sp. strain HBUMB94 100 100 MF285784.1

22 BERBMNESHT AHLsFFARMIFIERERE

X 53 B AR B W) R A A REA TN , R AN T 43
W AHLs 2 40 0 A= B £ 7 AL RRE 1 B Ea A8 £k
X — Rk S HOR R R AHLS . st SR
2 i, RS RAR A136, DR REI g i, A
PEXT RN = A W, BHPEXT B = A B s, A 11
MRAEAE R P e 15 2 BB 8 742 AHLs ITEHE, 43518
ABNF-1., ABNF-4, ABNF-9, ABNF-10.

AR TR 1T T i) m/z A2 0I5, A %) Ce-HSL
C;-HSL . Cg-HSL ., Co-HSL . C1,-HSL X} f m/z 5353
A 222.1099 | 236.1262 | 250.1413 | 278.1726 .
306.204 0.

XPREARESD A TR B S &, ORI
IR miz. WA J& (Microbacterium sp.) ABNF-1
() m/z 24 306.204 4; HYIE TR & (Rhizobium sp.) ABNF-
4 B9 m/z Sh 222.1108.278.170 6. 306.204 5; K&
J& (Gordoniau sp.) ABNF-9 [ m/z Sk 222.1153 |
278.178 3 ; B A Ml 16 J& (Pseudomonas balearica sp.)
ABNF-10 1) m/z 2~ 278.173 0., 306.201 8.

MR e I i R, SR GC-MS 3 1 A4
B HIOTRAN, 2% AHLs (W45 Kbk,
gL 2!,

(@) BFIHxT AR (b) PRSI (c) ABNF-1

(e) ABNF-9 (f) ABNF-10
T i At AR A136, Shm RN
2 BHEBMSS49F AHLs =BV S IR iE
Fig.2 Preliminary screening of quorum sensing signal
molecules AHLs producing bacteria

(d) ABNF-4

R2 BUEREESSTFRIESTER
Tab. 2 Results of mass spectrometry of AHLs

M + Na]' Jfiz/u - . . N
itk (MR MR R Bmu W AHLs FK
FrifEdh K
ABNF-1 306.204 0 306.204 4 [C16H2sNO; + Na]* +0.4 C1-HSL
222.109 9 222.110 8 [C1oH sNO; + Na]* +0.9 Ce-HSL
ABNF-4 278.172 6 278.170 6 [C1sH21NO; + Na]” -2.0 Cy0-HSL
306.204 0 306.204 5 [C1sH2sNO; + Na]* +0.5 C-HSL
ABNES 222.109 9 222.115 3 [C1oH1;NO; + Na] +5.4 Ce-HSL
278.172 6 278.178 3 [C14H2NO; + Na]* +5.7 Ci-HSL
ABNF-10 278.172 6 278.173 0 [C14H2NO; + Na]* +0.3 Cy-HSL
306.204 0 306.201 8 [C16H2sNO; + Na]* -2.6 C-HSL
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23 A B IR R R A A B POL e 3 (a) s, B
F B TTER AR 0.698 F1 0.107, FMEA )
WA TREARR A EGE , (P IR AR R 2 A 4 i
BT T R IR S e S [ 2 S AW L2 i G
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HIERK, 240 ABNF-4 5 %F A2 22 T/
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Fig. 3 Multivariate statistical analysis of small molecular metabolites in N. flagelliforme cells
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ABNF-1. ABNF-9, ABNF-10 5%} 43, 4 —F
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Fig. 4 VIP results of samples from different experimental groups
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A BRIV (5 5 215 & SR A A AR I 5
Wi, A I8 7E R SRR IR 3L P AMEAR I Ce-HSL | Cyo-
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AR, S B 40 MR 25 T AR RAIE I, 455 an
Kl 5—K 7 PR,
2.4.1 Cg-HSL 3% ¥ fm e A& K 69 %@

FEREHEREE 5 R, WIMZ&MWRE N 05,5,
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RO AR EFEM. B 60) 7T %
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BB R B AR, 5. 50 pmol/L b ZH 435 b X
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ORI T 21% .

243 Cy,-HSL F R am ek KAy %A
K 7 ATLIEH, 25 umol/L C,-HSL X &34
P R | SRS RAA BRI ER.
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