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Labeling a coral tissue-derived bacterium with stable fluorescence
and microscopic observation of the interaction between the
labeled strain and Symbiodiniaceae

JU Huimin'”  YANG Jian' ZHANG Si' LI Jie™

1 Key Laboratory of Tropical Marine Bioresource and Ecology, Chinese Academy of Sciences; South China Sea Institute of
Oceanology, Chinese Academy of Sciences, Guangzhou, Guangdong 510301, China
2 University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: [Background] Investigations of coral-bacterial and Symbiodiniaceae-bacterial interactions are
crucial for unravelling the mechanisms of coral health maintaining. Labeling coral-associated bacteria with
stable fluorescence is useful for visualization of interactions between bacteria and Symbiodiniaceae or
coral host in real time. Presently, the lack of the genetic manipulation system of coral-associated bacteria
hampers the research on coral-bacterial and Symbiodiniaceae-bacterial interactions. [Objective] We tried
to establish a genetic manipulation system that is suitable for obligate marine bacteria, and then label a
coral-associated bacterial strain with an enhanced green fluorescent protein gene (eGFP). The interaction
between eGFP-labeled strain and Symbiodiniaceae can be visualized. [Methods] The recombinant plasmid
was transferred to the donor strain (Escherichia coli WM3064) by electroporation. The donor strain was
mixed with the recipient strain SCSIO 12696 (Porticoccaceae, isolated from the tissue of coral
Pocillopora damicornis), growth of which requires seawater, at different cell amount ratios (4:1, 2:1, 1:1).
The mixed cells were then cocultured on the modified LB medium at 25 °C and 30 °C. The interaction
between Symbiodiniaceae and the eGFP-labeled strain was observed by using microscopy. [Results] The
modified LB medium met the growth requirement of the obligate marine bacterium SCSIO 12696, and was
preferably used in the conjugational transfer experiment. The efficiency of conjugational transfer was
influenced by the ratio of the donor and recipient bacterial cells and the incubation temperature. The
optimum incubation temperature was 30 °C, and the optimum ratio of donor to recipient bacterial cells was
1:1. Strain SCSIO 12696 was labeled with an eGFP gene by using the conjugational transfer approach
established in this study. The interaction between eGFP-labeled SCSIO 12696 and Symbiodiniaceae was
clearly observed by using confocal laser scanning microscopy. [Conclusion] A genetic operation system
that is suitable for the obligate marine bacteria has been established. The coral-associated bacterial strains
can be labeled with fluorescent proteins by using this system. Moreover, the fluorescence-labeled bacteria
can be used for investigations of the Symbiodiniaceae-bacterial and coral-bacterial interactions, which is
helpful to revealing the ecological function of coral-associated bacteria and its mechanism.

Keywords: coral-associated bacteria, conjugational transfer, fluorescence labeling, Symbiodiniaceae,
bacteria-Symbiodiniaceae interaction
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FUREEAL . bk izl et
B PO E LR AR DNA A HARE . H
I, PR R SRR R OB TR R, (R
SR TEAN T T LA AR R i,
FE LYK (Vibrio cholerae)'™ . 8 45 9K B (Vibrio
vulnificus)"*) . FFAIRE (Vibrio natriegens) > 517
N HAT AR A M s AL Y R B R IRBE T . R H
0T, WPEANE R V. natriegens Bl il b4 4%
AR, S A, — S P B i 5 R SR LI R A
W Bacillus marinus B-9987%%  Fischerelld™"
Chlorogloeopsis strains™ . Halomonas sp. O-1%%

HP15P
9[26]

Marinobacter adhaerens

Pseudoalteromonas sp. BSi2042 . Roseobacter
clade sp.[27] . Synechococcus sp. CC931% | Vibrio
vulnificus™ . Vibrio parahaemolyticus® "% , 15457
108 3o 240 T 1) B9 B R i S st AL o, AN T )
VIS = SRR e AR SO oy W L) [ G2t 7/E2 S Wi A
WAL TEREDN TR, BB BBt 2 i Y
N SFAFE TR EETB., CA IR,

ORISR S 4 DERDFER: FRERF
51 oriT. b4 i(Relaxase), IV AUBELE ] T4CP
Jo IV BAIERGE, Be BRI i P R A X 45
N BAA A EE IR o —Doki. T
VF 221 FE 450 1 PR A5 i 28 8 23 I i RS o ks
DNAP* S, R i LRSI XUEE DNA,

T HE A RS T BRI AR X R E R S Ah,
Xof FARLEELL 3 i L 2 FL AL 7 7 I A AR

PR R A B N kT B, R

Dinoroseobacter shibae DFL12%7 Prochlorococcus
sp. MIT9313P* | Marinobacter adhaerens HP15*% |
Pseudoalteromonas sp. SM9913%* | Roseobacter
clade sp.*" . Vibrio harveyi ORM4PY | Vibrio
natriegens®" . Vibrio sp. PV P40 B © R h 38 ) 4
BRI NI AL D) o AJLARIN

20T SCSIO 12696 43 B F JE £ A 3
(Pocillopora damicornis)ZHZ , T EUN IR K B 15 3%
oK, LT 168 rRNA JEHFEHIr, KB
IMCC2115"

5 Porticoccus litoralis

(Gammaproteobacteria Cellvibrionales

Porticoccaceae) UM R1(91.83%) , Sk FTER A
BF (Porticoccaceae) 1) W& 16 ¥ J& - 48 4l 16 ,
Cellvibrionales clade BD1-7 S&HIIHN .0 FEEHY
S5, I FAR AT REFESBIIALAE (A b 2 g 25 A DY,
s 1 BK B R 1Y) R PR B8 A1) T8 28 7 A AR 12
PEAE RO e A A0, X - B0 T
HAERBIRAIN A Z , FIanFI Sk G5Ot E A bR
I 25 A B0 TR IR (Vibrrio coralliilyticus),
PEMTEARIC R R 578 R EAE, DURiERH
WML, 1 5 T3 5 A R R 25 A WL
FEABRI. W TERTARLAL 5T SCSIO 12696 47 24Ky
BT A 5 S - e A 8- 2 A TR — A B A
X GHLI, ZOCARICFTA RCH H s 40 e A 2% 1) 5
PRSI 3T, A YA BAE R B R
FB, AWFFELAE M SCSIO 12696 K2 KT, LI
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KGR 0 A B O M IC Pk
FAT A A o R T AR 4E TR H B 5L SCSIO
12696 HYBIEHRAE SO CEAFMCEARK R, DI
Ry IS B v B -2 TR A B B B SR AR
itk — R AL TETEA 1 0 A S T B2
At

1 MRS T

1.1 E#RFARRL
WFFE BT AN BOR A (5 R R ISR 1.
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Table 1 Strains and plasmids used in this study

PRI BTAL

Strains and plasmids

FHIE

Characteristics

Source

SCSIO 12696

WM3064
pBBRIMCS2-Tac-mCherry plasmid

pET22b-EGFP plasmid

Porticoccaceae, wild type strain is sensitive to ampicillin and
chloramphenicol, but resistant to kanamycin, gentamycin, and
streptomycin

Escherichia coli, 2,6-diaminopimelic acid auxotrophic

Red fluorescent protein expression plasmid, a broad host plasmid,
6 195 bp, kanamycin resistance
Red fluorescent protein expression plasmid, expression host: E. coli

Isolated from coral tissue of
Pocillopora damicornis by
Professor LI Jie

Given by Professor WANG
Xiaoxue

Given by Associate Professor
YANG Jian

Purchase from Miaoling

BL21(DE3), 6 177 bp, ampicillin resistance

plasmid

1.2 FZRLFIFLER

% % (Kanamycin Sulfate, Kana), 2%
% 2 (Ampicillin Sodium Salt, Amp) . & & &
(Chloramphenicol , Chl) . %% % % (Streptomycin
Sulfate, Str), P K% & (Gentamycin Sulfate, Gen),
ATAY TR ARA R 25 R
(Diaminopimelic Acid, DAP), Sigma /A w]; FFERR
k. Aladdin A . PCR Y . FBEEHR, Bio-Rad A H];
Tag W . Pfu i, b2 XEEHEARARAA]; 3
EWHEERS DNA [RIJORAGRIE . ok Pt 4
&, Magen A H]; PGB . EOEHRE R &
BB, Leica 23 Al ; Isopore JEARARME N, Millipore
NS
1.3 HEFE

38 T K B F2 3£ (MB) . BD Difco™ Marine
Broth B iG55 0E 37.4 g/L, 4li/K 1.0 L; @ik
K3 (MA): MB 8FREEmEg 15.0 g/L; LB
MR 3573 (LB nodified» @/L): HEEE I 5.0, BERRRD
1.0, FPEEmRYk 0.137, A THEKERE N 3%) 1.0 L;
We- LB RE FR I N £/2-Si B3R
1.4 RAFRICES RABIEE

FIF SnapGene #{FEETT51Y, FFoMEE LR
2. S1Wr B AR Y B 2R B FE

WP A TR B SCSIO 12696 X437 75 8 AUk
X -RARE R AU, TR 18 FRIA R AR
ABHTE B R i R BRI . 43 L Amp-F/R
NEIY, LIFK: pET22b-EGFP AR 14 4t

PFE ;L pBBRIMCS2-Tac-mCherry-Amp-F/R i
5191, LA 15 E ki pBBRIMCS2-Tac-mCherry Ay
B S [ 9 B Lt Ak i . PCR P 35K R (50 pL):
514 Amp-F/R 5 pBBRIMCS2-Tac-mCherry-Amp-
F/R (10 pmol/L)4% 2 L, #54% pET22b-EGFP (40 pg/mL)
mf, pBBRIMCS2-Tac-mCherry (38 pg/mL)JFik7 2 pL,
2x TransStart” F astPfu PCR SuperMix (—Dye) 25 uL,
ddH,0 19 pL. PCR 45 : 95 °C 5 min; 95 °C
30s,55°C30s,72°C 50 s, 32 MEH; 72 °C 5 min,,
Fi FEBIRHEE RS DNA [RDJG7 S vt B 52l B i
A B, TRPRICEEEERF & ClonExpress® 1l One
Step Cloning Kit UtH47, Rz WHirkE R Mzt it
JUIE FEIRERE, R R DHSa
AN, RN HUAERGO ng/mL)H)
LB VAl 37 °C ¥53% 12 h, ik spoafe . Pheprife
EEHANFRGO pgmL)PiEN LB AR I,
37 °C. 200 r/min ¥ R¥5FE 12 h 5, i#47 PCR $aiik
RS 15 N A 2 K AT Sz S i (5 1
Amp-F/R), JAF T 2 R PR oL E A m) 1E
FFki pBBRIMCS2-Tac-mCherry-Amp, Z M ik
5, ¥4 Boki pBBRIMCS2-Tac-mCherry-Amp Hf)
LLEDOCE BN egfp HEI, FrRIGIYIHN
Green-F/R Fll pPBBR1MCS2-Tac-mCherry-Green-F/R ,
7 T 2 Fki pBBR IMCS2-Tac-EGFP-Amp .,
1.5 BEEHBIH

ML 7% 1k(2 500 V HL %) BTk pBBRIMCS2-Tac-
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Table 2 Primer information used in this study

EIE7EAR N 2]

Sequences (5'—3")

Primer

Amp-F

Amp-R

pBBRIMCS2-Tac-mCherry-Amp-F (pBBR-Amp-F)
pBBRIMCS2-Tac-mCherry-Amp-R (pBBR-Amp-R)
Green-F

Green-R

pBBR1IMCS2-Tac-mCherry-Green-F (pBBR-Green-F)
pBBRIMCS2-Tac-mCherry-Green-R (pBBR-Green-R)
M13-F

M13-R

TGAGGATCGTTTCGCATGAGTATTCAACATTTCCG
ACCCCAGAGTCCCGCTTACCAATGCTTAATCAGTG
GCGAAACGATCCTCATCCTGTCTCT
GCGGGACTCTGGGGTTCGAA
CAGGAAACAGTATTCATGGTGAGCAAGGGCGAGGA
AGCAGCCTAGGTTAATTACTTGTACAGCTCGTCCA
TTAACCTAGGCTGCTGCCACCGCTGAGCAA
GAATACTGTTTCCTGTGTGAAATATCCGCT
CAGGAAACAGCTATGACC
TGTAAAACGACGGCCAGT

EGFP-Amp % E. coli WM3064, HI158 AR E.
coli WM3064/pBBRIMCS2-Tac-EGFP-Amp. HX 2 mL
HHARTE (ODgoo H 1.03440.003), 43I 1., 2 5% 4 mL
ZARH SCSIO 12696 (ODgyy 4 0.775+0.002) ,
4 000xg B5.0> 5 min WA, 2397 100 pL FASW
(0.2 um Filtered Autoclaved Seawater, hJEF 3%)H
B AR 2.06x10° S, KB ANME RS>
1% 5.39x10%, 1.08x10° B 2.16x10° 4>, %44 4:1,
2:1, 11 Pt SZARPEA B, R A TR T
IO B —2(0.3 pmol/L)i & LB ok B 3555
FE(LBmodificd) I, 237 EF 25 °C #1130 °C AYETF4H
kSR 48 he FIHZ FTPIMIEES T

PR INZ S HUER (S0 png/mL)E R LB £
FRE PAERKMATIRE, H MI3-F/R 5149517
PCR ¥ 1. PCR ¥ #41A &R (50 uL): 54 M13-F/R
(10 pmol/L) 4% 2 uL, #EAR W 1 uL, 2xEasy Taq”
PCR SuperMix (+Dye)fif# 25 pL, ddH,O 20 pL.
PCR JZ i %514 : 95°C 10 min; 95°C 30s, 55°C
50s, 72°C50s, 32 MEH; 72 °C 5 min, PCR
FEA A T E B ARG A HE U R IN FR BRIE . FE SO
R T B IEAES, FIM A IR 2ot &N
FEHEG RN, DAPL 155 ME &M WAk EK
350+50 nm, K HFIEE 460+£50 nm; S0 08 GHE
RS MBS BOR K 480£40 nm, AHHHEK
527+30 nm,

1.6 MEFESEBYERRNREEMS

ZM 1S WRRNEI TR R, B 25 °C
F130 °C K555 48 h 5 IRA TR 415 1 mL FASW
MO PR, W, #RE 101, 10°, 107, 10,
10°, 10°, 107, 10* 4%, BL 100 pL %A1 TV Amp
(50 pg/mL)AY LBuodifiea “F-HR E, 5351 E T 25 °C
30 °CHig% 48 h i, W4k, Tdl 3 1~ FA7.
W4 Y £ T 37 A T SCSIO 12696 Fil FASW B 10,
10°4%, B 100 pL %45 T LBmodifiea “E-A, 1
ER, U3 AT, IR AR RS
(1% & Sy

A

HE B SR (%) = X100 .

¥ SCSIO 12696/pBBRIMCS2-Tac-EGFP-Amp
A TR Amp 1) MA K538 FAEA S WA,
BEALPEHL 100 S HEE LR TV 50 ug/mL Amp
) MA JEFR 56 b, SR TR AE KOG, LA Bk
IR EE
1.7 H#EEE CCMP 2433 5 SCSIO 12696/
pBBRIMCS2-Tac-EGFP-Amp A1t 155: 3 52

HI B CCMP 2433 (Symbiodinium)y 85 A FEff
MIEH, i National Center for Marine Algae and
(NCMA) 1 i - ¥ SCSIO
12696/pBBR1MCS2-Tac-EGFP-Amp 7EZSHI 50 pg/mL
Amp ) MB 552 3EF 25 °C K532 48 h J5, FH £/2-Si

Microbiota
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REFRRLUETR 2 7K, 4 000xg B0 5 min Y HE I 41
Jitl B 5 CCMP 2433 FEJCEH RAR /KB £2-Si
Regpdbrh bR 9% Btk SCSIO 12696/pBBRIMCS2-
Tac-EGFP-Amp F1H % CCMP 2433 4] 4 4
MLECA A 1001, iR 45400 R 25 °C. JERGREE Ny
25 pmol/(m*s). SR K 12 L:12 D, 2d J5H 1 mL
BE SRR D3 A ke o g B AR 25 mm, LA
0.2 um A SRBRIRMRIE |, 7EROCIIHE IR AR Wi
TSR MARE a WESEIE : A BK 488 nm, &
FHE K 650-690 nm; SCSIO 12696/pBBR1IMCS2-
Tac-EGFP-Amp WG IE . KK 488 nm, K5
Pk 495-520 nm.,

2 SRS
2.1 RERAEA BIEGRNAHEE

] 48 ERORL pBBR1 3£ H USSRy
AT IR (Bordetella bronchiseptica), &4 2 PR
Il Rep F1 Mob 2wt 541, Rep £ {8 i ik £ 21>
5 FNE I, Mob & 11 5IZBURAEA R 15 3 7] 1955
YIRS ok AT 7N 2 FC BN B A A
. [K I (Brucella) . THEEE G (Bordetella) . R TH
(Vibrio) . K W ¥ B (Escherichia) . & 5. jg B4
(Pseudomonas) MK I T (Rhizobium) %) g & 2%
G B8 17 40 2 FUFF 1 (Bacitlus) ™R E S,
THAL R AR B S A g FE 0, pBBR1 F A
DAz s i T S 5 A A AR A P R
WZRIE . SETIZBOR N I ZE 01, AT 22
U 2 R A G I P T 3 S R B AR Al TR SCSTO
12696 HIZOLHRIC .

55 HNT SCSIO 12696 K HETHEEMRRE, 175E
K H WA Gibson Assembly 1k, ##Kl 1 st
M3 pBBRIMCS2-Tac-mCherry, 21 ik
FUPERE A 2N HrE SR, R BRI AT 2L
O AR S A SO E A RN . 4 PCR
WFFEAES , B E T pBBRIMCS2-Tac-EGFP-
Amp. ZFCRIEITENE 1 R, speauesE [EER
egfp Bi T Tac JAsh+ FiE, RIS SAEE Rep

Mob #7451, JFiki pPBBRIMCS2-Tac-EGFP-Amp
T ISR GBI
22 HEFRNBESEDR
221 BEERBEREUR

1 T Bk SCSIO 12696 {XAE /K E5 5 (41 MA)
AR, (B DAP SFER KA WM3064 7]
DITEAER I DAP 4 MA #5353 FAE K3 3), b
MA+Amp I FRHEANTE TR GRS T T4
G, SRTHL | SZARERTERE G et
MG IR SRR E R 2 — . B, ik
PEAE MR TR WM3064 1 SCSIO
12696 #5500 T4 k. %18 E] DAP Hk[3
U KA FF 1 WM3064 TEAR ST DAP 1 LB 1537
HFRARKGEE 3), AUFELL LB 3EmtEs R 31 7
MR

LB 2 R 55 5% £ (LB modifiea) Bk RE 1 12 1V 41 TR
SCSIO 12696 my £ K &% Kk , [ B,
WM3064/pBBR1MCS2-Tac-EGFP-Amp EZS I DAP
B9 LBuodified Bk FREAER, (HASTEGZ DAP
B LBumodifiea Hi F3k AR (GR 3). UL, ¥ DAP
1 LBmodifiea 17556 1] F FHEE R B it/ 32 1k
W IEER SR, AU DAP B9 LBiodifiecatrAmp H5 57
FEAT T A ik
222 BEEEBEGMK

PR SRR I A R R, TEMRIRE T,
i SZRTE A L BIAE— e Ya RN, SZIRBE Y L e
AR GR 4); 4 2R —E
i, 30 °C MIEAHERBAICERT 25 °C (£ 4).
223 #EEFHIWIE

WRE R LA SE 3 B R 450, PRGN
TR R LB #5573 FA KWy T PCR 9
14, PCR B R BB UK 45 SRR S H i
R BRANIG . VIR H A 257, DR 30 uES,
WRY egfp FEFSEAILHL . [, 28GR MEBE T Al
T MTLEE B 2 (B 9O M FRIB AR5 (8 2) DL B2
REWE @ EGFP #rid Btk SCSIO
12696/pBBR1MCS2-Tac-EGFP-Amp.
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Kan®

pBBR-Amp-F

Rep orign pBBR-Amp-R\ Terminator REP orign
pBBRIMCS2-Tac-mCherry | = - —
6195 bp mCherry
pBBR-Green-F /
pBBRIMCS2-Tac-mCherry
pBBR-Green-R 5400 bp
< mCherry
. Terminator
Terminator, .
Amp-F Amp-R
pET22b-EGFP *
Terminator
Green-F l' Green-R _‘R : =
- — Amp Rep orign pBBRIMCS2-Tac-mCherry-Amp
EGFP <« 6261 bp
| pBBR1 MC82-Tac-mCher—ry-Amp
717 bp 5550 bp

Terminator
Rep orign
pBBRIMCS2-Tac-EGFP-Amp
6270 bp
EGFP
Terminator

Bl 1 #EFRK pBBRIMCS2-Tac-EGFP-Amp B2 R = E
Figure 1 Flow chart of constructing plasmid pBBR1MCS2-Tac-EGFP-Amp
*3 BEMEKIFER
Table 3 Growth of the strains

RiFR5E Medium E. coli WM3064 E. coli WM3064/pBBR1MCS2-Tac-EGFP-Amp SCSIO 12696

MA 4 4 I

MA+DAP + + +

LB - - -

LB+DAP F F =

LBuodified - - +

LB modifiea™Amp - - -

LBodifieat DAP 4 4 4

LBmodiﬁed+DAP+Amp - s -

T+ WREEER; - EHAEEEK

Note: +: The strain can grow; —: The strain cannot grow

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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Table 4 Conjugational transfer efficiency

T b/ AT AL L 1) &1 ST OB
Temperature (°C) Donor/receptor cell amount ratio  Conjugants (x10° CFU/mL) Receptor (CFU/mL) Conjugation efficiency (%)
25 4:1 2.23+0.16 5.39x10° 0.410.02

2:1 2.57+0.31 5.39x10° 0.48+0.03

1:1 2.7340.53 5.39x10° 0.51+0.01
30 4:1 4.4240.51 5.39x10° 0.82+0.05

2:1 6.72+0.27 5.39x10° 1.25+0.03

1:1 10.07+0.63 5.39x10° 1.99+0.06

2 egfp EE T SCSIO 12696/pBBRIMCS2-Tac-EGFP-Amp H8Y3Ki%

Figure 2 Expression of egfp in SCSIO 12696/pBBR1MCS2-Tac-EGFP-Amp

T : A: 2} SCSIO 12696/pBBRIMCS2-Tac-EGFP-Amp £ DAPI YLt J5 i B UM i A ; B: SCSIO 12696/pBBR IMCS2-Tac-EGFP-Amp
TEBUIA Sy 480440 nm,  REFHAE A 527+30 nm il3E T o] AR ADOEH HRIAES; C: DAPL HIGESOLHE AR SHER

Note: A: The microscopic observation of SCSIO 12696/pBBR1MCS2-Tac-EGFP-Amp stained by DAPI; B: The green fluorescent protein
signal of SCSIO 12696/pBBRIMCS2-Tac-EGFP-Amp observed at the excitation wavelength of 480+40 nm and emission wavelength of

527430 nm; C: The overlapping of DAPI and GFP signals

2.3 JREIFEE K SCSIO 12696 Ha9T2E 14

TR RS FAR R MBI A TR, Btk
TETCHEREE 25, R EE 4 Jfoki pBBRIMCS2-
Tac-EGFP-Amp 8 &7E1E FALA TR P e A e fl
IEHRIE, ATHRESec i s B9 E 5.
SCSIO 12696/pBBRIMCS2-Tac-EGFP-Amp 7EJCHT
PR MA 35552 EAEAL 5 K5, BEFLEEE 100 4~
FTEHER TV 0 Amp (19 MA Ri3R3E |, 450 R
100 HAREVEREAETR, Bil])Fok pPBBRIMCS2-Tac-
EGFP-Amp ] 7E SCSIO 12696 Hfa &7 7E
2.4 SCSIO 12696/pBBRIMCS2-Tac-EGFP-Amp
N CCMP 2433 H1EFHI B ER

X HEEE CCMP 2433 ISk APRIC
SCSIO 12696/pBBRIMCS2-Tac-EGFP-Amp L3555
YA T S AOUER o WOHTLIR AR S A 2 AR

R, TEBCR K 488 nm LR SHK: 650690 nm
HIE N IEMTA] LR B R a YONIE S TR
WK 488 nm & S K 495-520 nm 3@ 38 T i Al
I, SCSIO 12696/pBBR1MCS2-Tac-EGFP-Amp 4# (1,
POUE T 3), TEIEEFRFMT, Witk SCSIO
12696 ATt 76 A #35 CCMP 2433 4l 1w (& 3),
AR U A I AT T 2 SR B TR
3 WwikE4®w

AR, [ N A= T A R s A R
i A R AR LR A X AT A B
A —E R ER U LR R R . R
MFBr, (AR AR 43 BRI (A TS T — 5 4k
oK AT AR TR R . I, R
He Al BER V2 I FH T PR AN B B A BOR D AHF
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10 um 10 um
—_— ]

10 um

3 HEE CCMP 2433 5 egfp FRiCAY SCSIO 12696 B EA

Figure 3 Coexistence of Symbiodinium CCMP 2433 and egfp-labeled SCSIO 12696

A FEBUR IR 488 nm AR BT 650-690 nm FHIE T HBHEM4EE a (W99(5 5 B: FERULIEK 488 nm AL S 495-520 nm
AT PR SCSIO 12696/pBBRIMCS2-Tac-EGFP-Amp ik 5 CH {555 C: B A FIE B SNEl, #i k5 mARic#tk SCSIO

12696

Note: A: The fluorescence signal of chlorophyll a of zooxanthellae under the channel of excitation wavelength 488 nm and emission
wavelength 650-690 nm; B: The green fluorescent protein expressed by SCSIO 12696/pBBR1IMCS2-Tac-EGFP-Amp observed under the
channel of excitation wavelength of 488 nm and emission wavelength of 495-520 nm; C: An overlay of Figure A and B, arrows indicate cells

of the eGFP-labeled strain SCSIO 12696

53 BT A B R SCSIO 12696 12 A JEE Fa FR T kS 4 41
Hor B s D ERTERHEAE SR . WA B K 1 1s
Fesrh A K, SRT, DAP 3R RE  K  FE T
WM3064 7EA 7 DAP (5 AR FR3E MA
WHEIE R AR, Bk MA 5573 5L B AR rew et . 2
KRR A KR, (RS TEA Tk, &L
P G T U AT P e —Fh & 1 T 2N T R 6% 1
WA HAEA T e Ve A 5 35 3 AR B T LB
Regedk, (AR R A=A Ak, (LA B A& PR v
ZREHERBEAE K, I HLRERI LA RPUPEFE FR ik
WA T B T NI, o B R B A i
AR T O TR 451 . PR R, TEAR
G AR S . ZIRE B B IR ER
K, FHOGZE SR A BIRE L B A= 40 TR ) a8 A U B
HEfE %

ARBTFHAT, FERERAEAA AN 31 1) 520
T, SRR P A I L T K TR (AR A BE
TP RGN A (A A B3 22 1A AR G B
SRR AP R A T B SR ARBIFSE Il
ST T IS TR AN R B AR E IR R, IRA
WFZE - 20 . PR - R A LA 2 T LR

FE egfp FERBRICTRRR , K4 )5 2 AAROUL A B2 A
7 B A TR A LR AR AR . RIS, e
AN TR 20 S 2 11 5 R AT [ s B A 485l LAt 11 ¢
HEES, 23S H TR 2 Ak
DOETH 5T YEADWEL . A, BT AR T
H AL R EAR R B EhmicEe AR, A S
WA TR, DUE T — 2D TR AT ST 240 R 1 B
B BRI . AR TS OB A S AR AR
JIHTr AR AN T 5 1 32 sl R e EAERIL
Bt 2ot BAF R S EEFARIT RS R
R T B Ak Escherichia coli WM3064, VAR 23l
E IR P AT 6945 F,
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