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Effects of cyclic adenosine monophosphate on culturable bacterial
diversity in the interfacial sediment from Taihu Lake

ZHANG Lu-Jie QU Jian-Hang~ FU Yun-Hui LI Hai-Feng TIAN Hai-Long
(College of Biological Engineering, Henan University of Technology, Zhengzhou, Henan 450000, China)

Abstract: [Background] The culturable rate of environmental bacteria is only about 1%, and the
exchange of information among bacteria is an important reason for limiting the rate of culture. Cyclic
adenosine monophosphate (CAMP), the second messenger known as intercellular information
transmission, is a widely-used substance for bacteria to perceive and respond to the environmental
changes. [Objective] The study is aimed to research the changes of bacterial population composition
induced by cAMP and investigate the effect on microbial culturability, further to provide reference

Foundation items: National Natural Science Foundation of China (31370147, 31400103); Program for Innovative
Research Team (in Science and Technology) in University of Henan Province (15IRTSTHNO019)

*Corresponding author: Tel: 86-371-67756513; E-mail: gjh_bata@163.com

Received: August 14, 2017; Accepted: November 27, 2017; Published online (www.cnki.net): December 06, 2017

E&WH.: FEEKARP:EE4 (31370147, 31400103); i FE 4 B RHAHT I BA 3411 4] (15IRTSTHNO19)

*@151E& . Tel: 86-371-67756513; E-mail: gjh_bata@163.com

WS HER: 2017-08-14; 3EFHHER. 2017-11-27; MR HE % HEA(www.cnki.net): 2017-12-06



SRER A PRBRIR IR XS R ) S T AR mT 5 3R A0 1 2 R B S

285

for improving the culturability of bacteria and the exploration of strain resources. [Methods] Using
the high-throughput sequencing and isolation methods to analyze the bacterial diversity in
sediment of Taihu Lake. [Results] Results of high-throughput sequencing showed that 60 OTUs
(Operational taxonomic units) which were different from the control group appeared. Among them,
Proteobacteria and Bacteroides were the significant differences, the former increased by 4.08%,
but the latter decreased by 3.36%, and Verrucomicrobia was high significant at P<0.01. At the
genus level, there were 8 significant different genera, and 2 (Aeromonas and Trichococcus) very
significant statistic differences. Results of isolation and culture showed that, under cAMP’s effect,
the population diversity of the bacteria could be increased, with CFU (Colony-forming unit) up to
1.6 times as that of the control group, and the bacteria of Exiquobacterium, Microbacterium,
Thermomonas, Lacibacter, Pedobacter, Massilia, Kocuria and Arthrobacter were induced.
[Conclusion] From high throughput results, cCAMP can significantly promote the growth of strains
of Proteobacteria, but the results from isolation and culture show that cAMP can improve the

culturability of Exiquobacterium, Microbacterium, Thermomonas,

Massilia, Kocuria and Arthrobacter.

Lacibacter, Pedobacter,
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10 pmol/L. [EAREFRELA N 1.5%B5A8 o
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J1 Flash (v1.2.7)%5 400060 4R il I8 ) i
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JoT A 2ok R 2 B A A, A5 B0 s s . R
QIME %/ (1.8.0) ™15 97%AH Bl B ACE i ) 51 154 T
R, PRIEAEDZAIT(OTU), FET Silva 41E 5>
B PE A T3 22 1 BR . ] Mothur R
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Lk B Salifh.
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ikl 45 DNA A, (i U R i B | 9 E.
coli 27f F1 1495r /47 16S rRNA KL PCR 415181
16S rRNA JL[H PCR 4=l & % 1R Iy
51, SERL GenBank ##fiFE BLAST Lux}, TF#AHK
FE5 F MEGA 7.0 #AMO 4p e:PW d R 5 R
B, Bootstrap 1 000 WK IFAHEALAN 73 S0 RISV EAR
(B MRAEHXHE B MAG L TR, s ks
I 0 4 TR 2 A o

2 BRH54hr
21 ETEBENFNMEESR
211 ZHEMSH

FEih Alpha ZRMEI0 AT (R 1)2RM, IR il 2
TERILE 99.95%, AIACFE M LR S 4 R R VA 25
FIFHIE . cAMP %535 2R 7% 19 Chaol 11 Ace 5
¥k 598.71 A1 597.50, Xt HARESL 43k 603.25 Al
602.96, FH] cAMP 535 AN R HEE PR =F B R
i, M Shannon $5%%F1 Simpson 647 ., cAMP
BT AR VR AR PRI

Xt H 97% AL R A OTU, cAMP i %5
B HR AL T X, (H#5 OTU (60 M)(LAE

Meta Stats ZELSI 20 AR AT t Ko, et CAMP ESALHIL, UiH cAMP HhBEi S X B4
SEOE S 2E SR B TR A
x1 HMEZHEMGITSHN
Table 1 The statistical analysis of bacterial diversity
e OTU %t ACE $5% Chaol F5 %k Simpson 154X Shannon $5%X bk
Sample code OTU number ACE index Chaol index Simpson index Shannon index Coverage (%)
A 595 597.50 598.71 0.04 4.42 99.95
K 600 602.96 603.25 0.04 451 99.95

e A: CAMPIERJE RS K XHRATIOFE .

Note: A: The sample after CAMP induction; K: The sample of the control group without cAMP induction.
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Figure 1 Comparison of bacteria groups at phylum level in the cAMP induction experiment

I A: cAMP BRI A; B XTRRA MM K.
Note: A: The sample A after cAMP induction; B: Control group K.
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I R)Z R B M 25 a8 /B (E 2),
CAMP fERI THIAFE TR W] 2 7 B %
(P<0.05), ¥l (Verrucomicrobia) 2= 4k % &
% (P<0.01),
213 BKELWNEHER

TEANE 2R IE K-, cAMP S FIN RZHA
9 MR A AR BRI (XS = >0.70% I AR A
BATAR 5 R M B JE (Aeromonas) . LA R
(Bacillus), 153 J& (Bdellovibrio) . Chitinophaga .
Cloacibacterium . M\ Hififi i J& (Comamonas) . #{fT
4 J& (Flavobacterium) . % .} I% J& (Pseudomonas)
FIRE K 17 EC 1 & (Vogesella), 43901 (5 4% 1 RE bt 41 14
LY 67.28%F1 66.33%. HAYERE AT F 4

i, E/NT 0.4%. BT LA E 9 Fhoh, XtIRLHIAA
Lacibacter FNECH 5 1% J& (Roseomonas) 2 FpfL#
[Es)E

R L, SRR IR BT 10 (1Y
AARENE 2 Fi7R, cAMP 55 RE i AR X = B
A 1R O R TR AR U Ry A 30T EC B i (17.55%) . <AL
T# i (10.81%) F1 # FF 14 & (10.60%) , - 1 X HE 2 v U]
kg AR 30T EC T 8 (16.23%) . B AT (11.09%) FlAE
BA )R (10.13%) . CAMP iBS T, S EAMIEE |
Cloacibacterium FIsA% 1y FC B & B AR X 3= 5 38 &
XTI, HARHEEA L. 75 cAMP IER/ERT,
SRR 2 A T AR ST TR, A iR
5 1 3.79%7F1 1.32%), Chitinophaga FI1% &Ll &4 & 43
SRR T 1.92%7F1 1.59%.

*2 cAMP iFEFEXREPMELR D IOKFHEBERDINER

Table 2 Results of the inter-group differences of bacteria at phylum level between the cAMP induction experiment and the

control sample

R CcAMP iS40 A X IR K
@B (t 7 2ES) CAMP induction group A Control group K
acteria groups o N =y i o =von
e THE ik FREDE THIE i PR
Average Variance Standard error Average Variance Standard error

Acidobacteria 8.73x10°  7.07x10”" 5.94x10 * 1.07x1072 1.06x10°° 7.29x10°* 0.22
Actinobacteria 9.96x10*  6.38x10°° 1.79x107* 1.09x107 2.01x10°® 1.00x10™* 0.53
Armatimonadetes 2.02x10°  1.32x10°% 2.57x10° 2.41x10°° 3.15x10°° 1.25x10°* 0.12
Bacteroidetes 2.78x10°"  1.03x10° 2.27x10°° 3.12x10* 1.69x10° 9.19x10™* 0.04
Candidate_division BRC1 ~ 9.23x10*  2.21x10°® 1.49x107* 1.50x107° 7.61x107° 2.76x10™* 0.12
Chlorobi 2.47x10°%  557x10° 1.67x10°° 2.33x10°2 1.72x10° 9.27x10™* 0.41
Chloroflexi 8.72x10*  2.05x10°° 1.01x10* 1.13x10°° 5.97x10° 1.73x10* 0.31
Cyanobacteria 1.11x102  2.02x10°® 1.01x10°® 7.35x10°° 6.16x10 7 5.55x10°* 0.08
Firmicutes 2.00x102  4.11x10°7 4.53x107* 2.40%10°2 7.16x10°" 5.99x10* 0.06
Gemmatimonadetes 422x10°  9.52x10°® 2.18x10™* 4.90x103 4.75%1077 4.87x107* 0.33
Nitrospirae 1.29x10%  3.40x10° 1.30x107° 1.59x1072 2.51x107" 3.54x10™* 0.18
Planctomycetes 5.88x10*  1.09x10°® 7.39x107° 5.11x10™* 3.33x10°° 4.08x10°° 0.37
Proteobacteria 6.28x10"  1.18x10°° 7.67x10* 5.87x10* 2.47x107" 3.51x10* 0.02
Verrucomicrobia 455x10°  2.81x10% 1.18x10°® 5.27x10°° 1.97x10°°  9.92x10°® 0.00

. P<0.05 Mg M2:5; P<0.01 MW BEMEER.

Note: P<0.05 indicated the significant difference; P<0.01 indicated extremely significant difference.
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Figure 2 Distribution of bacteria groups of top 10 relative
abundance at genus level

I A: CAMP BRI K X R AORES.
Note: A: The sample after cAMP induction; K: The sample of the
control group.
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F ZEFAT B & (Bacillus) . FUUFFEATT T H A 2 BA T 7T
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3 % G 8 (Dietzia), AR RERS FR KA
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IR IR AT (CAMP) | IZ A 1E T ShAE Y 1) 45 Fh
HAMBEAEY T, EAMEANZS SR Y B E
Ve Re SR T, R AN A A (R B AR
BB ARET, CEAH L RME S i T R RO VE T,
A, f2 240 A JR RN AR g X R AR A b )z AR
KA, HAT, Bruns ZEFIH cAMP $EiRw:
ARG AT R AGE 100% 0 [], FES I 1 bR o TE
1] Rhodobacteraceae F}iE#k?. Hahnke Z5F]H
CAMP iESH 1tk o-ZEJE il Lentibacter J&#
bR, Sipkema S 7ETRARS FRIE IR I ST
KIS IA cAMP Fl N-Pt 31 22 2R N iR 5 5
A3 F HCA R IS AN sk, Haliclona J& B ik ) vl
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ARICHFFE T cAMP 75 X KRR T 4 T 2
FEPE IR , 45 0 cCAMP RESR S A8 TR A 1 85,
JR PR AT B AR BT 1K CAMP-CRP 427
WM, BRI, FERAKE, S
P B JE AN L TR R cAMP I AR T T i AL
FHEFNEE, AUFRIEIX 2 Rt ek B
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Figure 3 Phylogenetic tree based on 16S rRNA gene sequences for strains isolated from the sample of the control

TE: FE5 R SR EY GenBank B35 /03 sl P RAE; ARRANREHI H] 4383
Note: Numbers in parentheses represent the sequences’ accession number in GenBank; Numbers at the nodes indicate the bootstrap values on
Neighbor-Joining analysis of 1 000 resampled date sets; Bar 0.05 represents sequence divergence.
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Figure 4 Phylogenetic tree based on 16S rRNA gene sequences for strains isolated from the sample with cAMP induction
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