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Isolation and identification of bacterial strain MEZX29 that
can enhance the salt tolerance of Chlamydomonas reinhardtii

ZHOU Xuan”, JIN Yuanpei’, ZHAO Na, WU Gang, ZHANG Zhengfeng, XIE Bo

Hubei Key Laboratory of Genetic Regulation and Integrative Biology, School of Life Sciences, Central China
Normal University, Wuhan 430079, Hubei, China

Abstract: [Background] Algae, bacteria and their interspecies interactions play important roles in
aquatic ecosystem. In recent years, salinization of some rivers, lakes and other freshwater resources has
become more serious, which greatly impacts the aquatic ecosystem. However, how salt stress influences
the algae-bacteria interaction and whether certain bacteria can enhance algal salt tolerance remain
unclear. [Objective] To isolate and identify the bacteria that can promote the salt tolerance of freshwater
alga, Chlamydomonas reinhardtii, and analyze the relevant mechanism. [Methods] Effective bacteria
were screened through enrichment culture, isolation and co-culture experiments. The algal growth
ability under different conditions was assessed based on cell concentration, chlorophyll content and
other parameters. In addition, 16S rRNA gene sequence analysis and genome sequence analysis were
carried out to predict the possible mechanism of algae-bacteria interaction. [Results] A bacterial strain,
MEZX?29, was isolated, which could significantly enhance the salt tolerance of C. reinhardtii under the
condition of 250—290 mmol/L NaCl. The 16S rRNA gene sequence analysis indicated that MEZX29
might belong to Rhodococcus qingshengii. The genome sequence analysis showed that MEZX29
contained the genes involved in glucose metabolism, ethylene metabolism, and biofilm formation, which
might play roles in this salt tolerance enhancement. [Conclusion] R. gingshengii strain MEZX29 could
enhance the salt tolerance of C. reinhardtii, which provided a new material for studying the beneficial

interaction between algae and microorganisms.

Keywords: bacteria-algae interaction; salt stress; co-culture; Rhodococcus; genome analysis
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(Azospirillum brasilense) W] L34 58 2 &' 42 /N BK
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A JE B HCHTER W38 A A E D O U A ELAE
T FHLBA T AR R AR

AL —FIE TR TE R | MROKSEIREE Y
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1.1.1 EHFHE

WFFE R 2 FROASIE] 0 3 BLRE 773 R2AN 5k
172 TYU ISR A T 15 9%, R TAP! I8 MM
B R PO AR BRI TR IR . AEWF SR IR B v i
LR A AR K RE JTIE, 20 BIAE MM B 33 3
PRI E R 0, 250, 270, 290, 300 #i
310 mmol/L i) NaCl,
1.1.2 FERFIFLEE

PCR T 51 91(27F/1492R) i 4 T4 W) T #¢
() B A7 BR S Tl o 28 JERFRR X, Bio-Tek
ONHEl A EREEAL, dbECE AT A A PR 5T
fF£/35]; PCR {Y%, Bio-Rad 2Aw); i 40
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1.2 WMEYNES. 7ES5IFE

16 m Eh i B (250 mmol/L NaCl)fy 328 5t
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PIKFEIEAT & R IR . Wi R E L R g N
120 umol/(m*-s), &N 25°C, 2 5 fmE b
F(BEE 5-7 O, BAEESFRBRIR AT T 12 TY 8¢
R2A [E{REFRIH BHESR 5 do PR I A V5 38
R LG Al 5% . Ak B TRk S A R
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SERATETE DL, e A BT A8 A R Rk
R TERE
1.3 16S rRNA EENF 54

4N 16S rRNA FE[RA0E 5149 27F
1 1492R XA TH 1T ER V& PCRIPY, 43 7= 4
a3 AR T A TR (i) et A B2 JI )
16S rRNA J& K J¥ 4] 72 NCBI ™ uh b i 17
BLAST [RIJE 47, ] ClustalX 1.83 {41
MEGA 11 4R B 4B % 7 (neighbor-joining
method) /3 B AT P A Z H LM AL LT
W
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Figure 1 Salt-tolerance enhancement of C.
reinhardtii by different isolated strains at high salt
condition. The Y-axis represents the chlorophyll
content ratio of C. reinhardtii co-culture vs C.
reinhardtii alone. Different lowercase letters

indicate significant differences according to
Duncan’s multiple range test, P<0.05.
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Figure 2 Effect of strain MEZX29 on the growth
ability of C. reinhardtii under different salt
concentrations conditions. *: P<0.05.
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2.2 EFK MEZX29 3t 2GR EL BE RO (E 3t

WKl 3 fion, 78275 mmol/L NaCl (1) & £h
Il 4 FALER 3 d, AP 21gr ZEREFEY HI AR
s ZEANBL S, M 21gr S
MEZX29 M35 YERK BRI, Fv/Fm 500
S 45 R WITE B R W38 25 1 T AR B A0k
B NFE, T # Mk MEZX29 fydbaephhets B 241
FZSE(E 4) K RE R TS A0 AT LA
B, A EE UL FRI, TEANARYR B TE 275 mmol/L

NaCl  2lgr

i |

21gr+MEZX29

50 1y

+

3 E#k MEZX29 57C% 21gr HIEMER
—: MM B5 353 +. &S Eh M (275 mmol/L NaCl)
) MM 55 77 5%

Figure 3 Growth of C. reinhardtii with or without

bacterium MEZX29. — MM medium; +: 275 mmol/L
NaCl in MM medium.
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El4 BEFVNRASBEFWFmNE  ARNGT
BERIR 22 5 % (Duncan’s FiiE 2515, P<0.05)
Figure 4 Fv/Fm values of the cultures. Different

letters indicate significant differences according to
Duncan’s multiple range test, P<0.05.
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Figure 5 Growth of C. reinhardtii 21gr (A) and
strain MEZX29 (B) under different conditions. The
number of days represent the treatment time of high
salt condition (275 mmol/L NaCl).
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23 ¥k 165 rRNA EEFETIHI 7 2.4 EEEELSE S

Witk MEZX29 9 16S rRNA K74 N SELFHPRAR AR MEZX29 W faf s s A i
(GenBank % 3§58 ON597378)7F NCBI #fr  EREEJIAIMLE, Aot —AIF 7 kilE 7%
BLAST 734, T RGE LR E . IR ERRIIERIZA, FF SRR o T T804
6 Fi/n, MEZX29 5 Rhodococcus qingshengii M PE5 R 2R 1S 67 4~ contigs, FERIAIK L
djl-6 1 Rhodococcus qingshengii djl-6-2 HIF & 6 788 486 bp, 1T 6 549 4tH /7 51(GenBank
KR, 168 RNA FERPHIMALIMEY &3R5 8 JAKEDO000000000.1). KEGG 43H7#&
KF] 99.72%. X —HEREWA MEZX29 Fl bk B, WHREA FE A semA . R A%
2 AR AT BERIFEE T R. gingshengii. e R FeasER ., FEHSREREIE 7).

g2 - Rhodococcus gingshengii djl-6 (DQ090961.1)
100 |1 Rhodococcus gingshengii djl-6-2 (NR115708.1)

89 L Rhodococcus gingshengii MEZX29 (ON597378.1)
Rhodococcus pedocola SOT1 (MG547938.1)

Rhodococcus artemisiae YIM 65754 (GU367155.1)
Williamsia aurantiaca CBMAI 1090 (NR169410.1)

0.01
6 HE MEZX29E T 16S rRNAERERFIIMAZLZEN 70 LA IR bootstrap fH (K TF 50%);

0.01 PRI Wit fL 22 7 5 GenBank &5 5 /R fE S 51
Figure 6 Phylogenetic tree of MEZX29 based on 16S rRNA gene sequence. Bootstrap values (>50%) are
shown at branch points; Bar: 0.01 genetic variation; GenBank accession numbers are shown in parentheses.
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Figure 7 KEGG pathway classification for the MEZX29 genome.
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TES A HAE I, 205 o 2 AR
DR %t ) 8 2 i B K Ak 0 B E A
AWFFEHE MEZX29 fFE N4 7E dbCAN2 ¥ 5 |
PEATHEA L R 8T . SRR, SHEAIEA
KHFER A 2 89 4>, 4dE 37 IHEELL RL il
(glycosyltransferase, GT)JSHEA | 28-31 HHAT
JK fi# i (glycoside hydrolase, GH)ZEFEH | 21 4~
Wk 7K AL & W) g i (carbohydrate esterase, CE)ZS 5t
K. 3 Aok AL G W 45 G 45 18 3 (carbohydrate
binding domain, CBM)Z&%:[H (& 8), Hi AW
R, TR E SRR EAE R RV
Hr, GHI13., GH2 Fl GH43 ZEHHF /K figt il LAHS
200 A o e R 2K L D S O, JELRE R 1 — s
ANTA AT AR GHI S5 B2 R 2 05127 Ao
KB, MEZX29 HENHH RIS A ZH GH I
REMNE 1), ERFENE MEZX29 HACH
A EAE A et B A SR .

454 o AR W 08 T R R T Y B O
JRES D JE— A% MEZX29 3 40t 4743,
G55 e A Z2 R H At DX AT e 5 A A S i
AR, FUEARFEMHOmAR . BEEMT .
A= VIS R 0 S R S5 2 1) (3R 2) 0 TEIX S K]
Hr, 2 R TN 58 52 IR (1-aminocyclopropane-1-
carboxylic acid, ACC)li Z FFL [N, 7 L7 fif £,
WA BRI TR ACC, W 2 I Y,
Na'/H" ¥ [0 iz 1 T U S50 08 & R

£ 1 MEZX29 EF4H GH ZEEFA 7 4547

fitif MEZX29 HEWEREET); HINREGY
(extracellular polymeric substance, EPS). %
BRI SN UL R A5 5 0 73 S H IR
(c-di-GMP) A] BB Z: 5 T4 - B AR W) IROE 10 e 42
T4 8 A b s i O b AR S S R PR T
1E MEZX29 i A Bt £5 R ) o 7 v e 3 A 45
ER.

40 -

30+ 1 = HMMER
= Hotpep
= DIAMOND

Number of genes
[3%
(e}

—_
(e
T

S

GT GH CE CBM
CAZy Family

8 MEZX29 & R H )48 A5 E TN o 4
GT: WHILEROME; GH: WHTT/KMME: CE: Bk
16 VIR ; CBM: IR/KALE WA & 45 IBE A .
HMMER . Hotpep 1 DIAMOND %43 %1148 2 A [6] #i
RS

Figure 8 CAZyme predictions of MEZX29
genome. GT: Glycosyltransferase; GH: Glycoside
hydrolase; CE: Carbohydrate esterase; CBM:
Carbohydrate binding domain. CAZyme predictions

were carried out by HMMER, Hotpep and
DIAMOND methods.

Table 1  Prediction of glycoside hydrolase (GH) genes in MEZX29 genome

URDR7S GH S [R H it GH 2RI Fh 2

Predictions methods Number of glycoside hydrolase genes Glycoside hydrolase gene types

HMMER 28 GHI1, GHI13, GH15, GH2, GH23, GH25, GH3,
GH43, GH5, GH57, GH63, GH71, GH76

Hotpep 31 GHI1, GHI13, GHI15, GH2, GH23, GH25, GH3,
GH43, GHO, GH57, GH63, GH71, GH76, GH77

DIAMOND 28 GHI1, GHI13, GH15, GH2, GH23, GH25, GH3,

GH43, GHO, GH57, GH63, GH71, GH76
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2 MEZX29 {RHESRE IR 21gr M2 8 D89 E E TN
Table 2 Prediction of MEZX29 genes involved in salt-tolerance enhancement of C. reinhardtii

BLli 732K BEIN T hE LN 2

Classification of gene mechanisms  Gene functions Gene ID

i 2 A% AR ACC Jli 24 Bt HAILKHCD_06001

Ethylene metabolism inhibition ACC deaminase activity

BB Na'/H '3 0] §% i HAILKHCD_00638, HAILKHCD_05900
Osmotic pressure regulation Na'/H" antiporter

A= Wy BB TR B 4 AL A% R SN I 1T ¥5 ¢ HAILKHCD_02924, HAILKHCD_05641

Formation and regulation of biofilm Exodeoxyribonuclease III activity

EPS A= ¥1& A

EPS biosynthetic process

TSR AL S 1

Diguanosine cyclase activity

HAILKHCD 00890, HAILKHCD 04047,
HAILKHCD_04058

HAILKHCD 00158, HAILKHCD 00601,
HAILKHCD_00802, HAILKHCD_01070,
HAILKHCD_01234, HAILKHCD_01295,
HAILKHCD 03498, HAILKHCD 03499,
HAILKHCD 03569, HAILKHCD 04186,
HAILKHCD 04297, HAILKHCD 04993,
HAILKHCD 05614, HAILKHCD 05955

3 L& #

ARSI AR B TS, RIS
T — AR RT3 R e K BN Eh BB ) B0 41
Rhodococcus gingshengii MEZX29, 1% FE AU
I T X AR AR s R B GR, iE—2D
FETELA MY, PFRERY], 2
BRI & (Rhodococcus) M TE B SR T IZAA1E
ZA B ERRI N E SR . oA
UIBZNREE /RS G RTINS 2207 SN Bl K )
fE S22, R. gingshengii 40 ¥ i A7 16 T ALY
HRBREE 1T, A 22 Fh 73 2 1R bk © 2 gl uk B a] LA
S RA M EER. B, R.
gingshengii S10107 RJ {i i [ W5 & A A 4 5 3L
[ & BE S1B™; R. gingshengii BNCC203056 A LA
i $E R A A ) A R B il Bt R,
gingshengii RL1 H#k ] LB A P50 78
ABEFEH, MEZX29 AJ DL 2 {14 8 1Y i £k

aeJy, HE— )R T X R. gingshengii TETUEY)
A g AR AR A TR LR AR i TS L

MEZX29 PR 20 1) 43 B R bt 58 2 o ik A ik
AKHEMERRE T ML EAE T FEEMER . 28
PERARI LR (40 GH SFRIEPHEWIEH S5
B A e R B KL A 20T R R
TEm B EH SR EAF R E T, W
STUAFNG O Z AR 20, X RS g2
—Fh S IBUAN S A B AR R R R IR
BT s 3Rnt, MEZX29 7EHEA S 77 b i 4=
KA 8 — & ek, BR T %405 T GE A
T 21gr pWRIBESEY (K 5B). TEMAER T,
A RGN T PT A GE i S S B4 b 2K A 35 DR ) o8
KW ST Y s, JF o P sk,
At AL ) A Bl 3 28 AR AN A B R it
MEZX29 R 2 ) GH 2RI 3L A
Al B MEZX29 12 #F 21 gr ifi 25 36 A1 2 %52 5 [
Z—
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BeAh, AESE KB MEZX29 S K 41 h A7 7E
Z 25 WG B YO SRR R R,
A BETE {2 F A B AR L = R Wl v & 5 E AR
Mo CAFXTEY A R E bt A HEAE
AR, 7T O IETTA ACC 2 B i
TR RE IR N IR O R, TR
KM R, e MEZX29 SR ACC
JI5% il R DG 5 DR T BB 3 £ AR AR G ik AR
PR A e £ o A, 2 54O
B LA I A& B, A FT RETE TR o AR R IAZS
FAITE B | 5 A A 3 200 L] L ) 0 a8 N4 T
Pri e Sy oh B EEAE AR, R i 4 5y
By LUG 0 AR 23 AL o 7 S it 7 A 4 fE

BERIE KK CO, [ . WIAE " I F 2L
DUHRAE,  [A)IF 2 i e A= ) o e T B R 7 o 2L
PORL, B BT SR B Aw b K AR
QT 4 E S 1Y A 7 B D BT RE T R E S AR
Py AR ) T2 X A T A2 90 35 S A i 4 R B
PRT TR O AR A LB T B A S A W i AR S
e . PEIE BTN W) A D HOR ) R S ER A
WEE L, 25 EArR, A5 RS By Al fE gk AK
BYIELRE IR AN TE R. gingshengii MEZX29 A~
IV Hi )& T Rhodococcus J& 40 1 W v FH vu FH
W Ry 28 5 A WA 4 AR B AR AR AR TR Y
HEE
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