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W OE: N TR SN E (Pseudomonas aeruginosa ) A39-1 & Wk LAAS [R]B5 5 4 17 i 75 B0 G 100 et
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AR PERR U5 LA KR e T A K P B U
R A B RERE o H ol o 2 = R
ZEWE IR OO0 SR IR, 6 A 2 BRI B A
) EERY . HEr, OA %2 X TR H K
NG & BRI S R VB RE A5 IR S0k o AR 7 B2
Wi IR W 5 e 3E |, 22 38 45 1 B8 R PR R B2
B 1R = a2 4 T e = T R 2 1 Hi
W RREHERR R —2S F R AL, s
g (Rha-Cn) , 5% XU (Rha-Cn-Cm) XU FLAE
(Rha2-Cn) | XUHE XU (Rha2-Cn-Cm) 55 . & 4%
T, B TR 28 4 %) 4B % 3 A R [R) 23 52
FLACFNPUIRPERE ™ o IR Bh BB IRFP S B R %
104 15 7 vk, B AT e 2R ZE AR o 1 £
FEPEDY S BUAHE AR, FECRH A Gk
55 5T 1% 156 FH B AR X R 2R W B R AT A R
W Fds R, 4 60 i B4 AR 7]
TR AE 2R BEgE T 3R W LR 2= A g B
H7 O U B A0 AR 2 A ) R i R AR 2R
W1 LA T O 0 2% s P A R RE A ER
() BIF 5 A0 (B RN T & Sk 7K 7 3 78 7 1 o 550 1)
J1s

NP SRR D YN R R b A R e S|
() B WE I ™ A TR R L 5 5 I 44 o A o {1 L
T A39-1, DU SR A S B TR A39-1 2R 4 I TR bk
PRGE I WA [R) B Y52 B A5 B 2= W () 400 T 3% 1k
308 320 Y AH €03 - S 3 6 P R ARG I BR 2 R 45 44
2R, I g 4 HE R AL o0 b L B 2R
T Ke W Dy g 55 DN L O B g SR P AL, Ry ek
W G L T & SR AL 50l

1 MRS TE

1.1 BEHRER

] 5 A1 PRI T A39-1 Ay A TR A T M A
et ¥ g rh A3 B O 0 , 28 M 5 s RO A T
-80 °C i I W UK A o 4 B 4 BR W
(Staphylococcus aureus, Sa) | Bl % IfiL IR & ( Vibrio
parahaemolyticus, Vp) . W& 4 [C 9K & (Vibrio
harveyi, Vh) | % 3G i B Jfd B (Pseudomonas
Sluorescens, PT) Fl = /<, J¢ [ #2 T4 (Clostridium
perfringens ,Cp) ¥4 i L IFIEEAE R [ ZOK A= 5
o UL
1.2 FEAH AR

LB W AR 55 57 56 - B R 10 g, BEREF 5 g,
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NaCl 10 g, INZEM/KEA 2 1 L, 875 pH A 7.0, [
PRREFRIEP IR INBIEH 20 g, 121 °CKH# 20 min,

R TR 2R 5L < H I A W 2 AR TSR i/
K 2 /A A 20 g, NaNoO, 6 g, KH,PO,
0.7 g, Na,HPO,* 12H,0 0.9 g, CaCl,-2H,0 0.1 g,
MgSO,7H,0 0.4 g, i i JG E % 2 mL[FeSO,*
7H,0 2 g/L,MnSO,-H,0 1.5 g/L, (NH,) Mo,0,,*
4H,0 0.75 g/L |, INZEIHKEAZE 1L, WA pH A
7.0,121 °CK 1 20 min.

MIR-553 7 H1 #4 1H 5 55 5% 4 , SANYO;
ZQLY-180 #4375 ¥ 7246, g MU AL AR A PR
A ; Centrifuge 5430R Y & # ¥ % & O #L
Eppendorf; MSQ PLUS/U3000 ! ¥4 AH (5,33 - 7 i
X HI{Y , Thermo Fisher,

1.3 FHik
1.3.1 BTG

FE LB VAR 752 3 Hhoin AR 208 5 B A39-
LA HIR PR (R RS 450R 1%) , 737 °C 180 1/
min F355E 18 h, WA TG b . 8 5 Pl R 43
SR T LB W AR 32 56 b (R 50k 1%) , T
30 °C.180 r/min 353 20 h.

1.3.2  EUEHERR M A e 5 HE

il 28 I i HE K B DAH I R0 S AE R
SERTI RS0 R I ARE A e — B R 1Y) K
BRFREE RIS AT B TR 53 0 B D 2 T O [ Al
TR R R R Sk h AR B 42 B0l 2% ,37 °C L
180 r/min ¥4 £2 & KT 57 144 h, FEFPOR IR E 3 41
AT,

P H T % 06 .4 000 r/min F 5.0 20 min 25
BREEAR, IR 2 0.45 pm JEAR S €. FH 6 mol/L
BT W pH 22.0, T4 °CUKAA TP #rE 4 he
T IE WS ARG [V G5 VR ) =21
PGS, T s b i ## & 12 h, BUR )2 A 0L
A, BT 70 °CHE IR T 5 & | H B AR o5 (]
K5 F 60 °CAAE T T 1A% BRI , 20T B8 Hp e
A9 51 BB DR RG TR S, FH I S R S A A T
(pH=8.3 )1 fift , RIS 21| FR 2= B VA
1.3.3  EHERR VAR v S 5w

B 200 pL ¥ i 4 10° CFU/mL )43 # (0,75 %
BREA | IV TR | A CC SRR L 2 6 A B T
PR IR A T4y 3 SRR T LB [ iR 85 57
BE I GRS T AE R AR 8 AN A HEAR , 43
FIWLH 100 wL LAAS [RI ik 6 & e A= 7= 1) B 2= b8 R
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SO B 45 2 HabR b, o B AT in 45 2 A ik PR L
VR, T30 °C R 535 24 h i , WESH B FBIE
0L, B R E 31T

1.3. 4 EAWE NS R0 Az 22608 It A e /DM T o
J& (MIC) %t kb

K FHAS L B, i B R IR 2Ok L
1 000, 500,250, 125, 62.50,31.25, 15.63. 7.80,
3.91.1.95 mg/L, T 24 FLAR 43551 46 0 Ho X} 4 ¥ (4
2 BREA B N EE R 4E LGOI G i
WAL R YE B AR T Y B /D B0 B VR B (Minimal
inhibit concentration, MIC) . [F]FsJ 5% & BH X i
S FAYEXT IR, T30 °CF £ 3% 24 h 5 dE4T W& If:
Ok, BRI E 3 AT

WAt R (B ER MRAEE 1%
R A ) ¥ T IO K 28 0.22 pm 8 FERR IR
Jei o DA 3R Ty i s Jis 7R Y MIC o
1.3.5 A% - BOEE 43 (LC-MS)

22 DEZIEL % J ik, LA i K i s
fife B 250 I B 9 5 5 FE &, >R B Thermo Fisher
MSQ PLUS/U3000 %4 3 A 24§35 - J5t 335 5% A A A6
M, SR RS R Acclaim™ 120 C1, S5 4518
VEMESRAE LR 1,

£1 LC-MSH#l&EH
Tab.1 LC-MS detection conditions

24A Condition

Tji H Content 2% Parameter

FE 25 °C
S Sk ORGSR iR E
Experiment condition Kk K 254 nm
KA 100~1 000 m/z
95% B4l K 1 min
3 M A
UASE 5%~90% Z. i 12 min
Elution requirement
5% LI 8 min

1.3.6 4R MO A39-1 4 BLPR 20 I 1 2B
iz B 20 T LR 4 DNA $2 8GR 5) &idd WA 4548
B SRR B A39-1 LK 4 DNA, 8 Bl b
FEL YK R 12 2 11 000 SRS 00 5 R 2 1) i 3 e
K SERebE KR I A4 () DNARE % & IR 7R
A R A BR 2 A i 5 lumina Y J5°F & 1
PacBio V- &5 #4743k R 41 I e RN 9 H 21 24, %o il

SR A39-1 4 FE 4L 7 9 dE AT AR 015 B
2EMAT B TN RS A R S R R R A

2 45

2.1 BE#RA39-1 ZBEAREBRIEEFHRERER
X% IR B IR A

SR FH A VPR T2 A 00 2 1B BT A39-1 43
LA 7 BB IR & B2 7= 1 BRZE AR G X 5 ol JAL o
AP B 1 PE (B 1) o B RR A39-1 76 LUH il 4
Wl ZEAEAT T RIS F I AR S & ik U5 B, L2 7
(14) B2 W T 0T 4 08 €0 8 4 BR AT L ) LI RRT L P
Y [N BE 28 AR B B ™ I A T AR LA
PO RS 5 24 LAVE R Ry A B U st | LA 7= 1
FRZSWH AR XTI 4 2 €00 20 4 BR 12T 1 ) FL At 4 oo Ji
PR EL A 0 T RICR 5 T LA AR K 7l A % TRl D
B, AR 7= A SR B X S s S BR 2 A B ik
ROR . MRAEA SIS R WAk A39-17E LU H AR
Sy P — Rl R A A 7 1) BR S MR AR X S s L TR 1Y
0] 2550 R A T DA G A il R & T R 7 Y B 2R b
f& o
2.2 HE/NMIEIRE(MIC)ME

T2 56 ) 5 A 2 1 SR B A39-1 LA H S &
(1) RS IR X5 S o JL B 9 MIC, 3 58 UL 1Y 4
Pyt E R (BIERE MRHEEE  LEE
B AR AT X b BRZE AR ) 4 v 60 A
BR T (19 MIC A 15.63 mg/L; XF 7= < 3 IR AR 1 10
MIC 4 3.91 mg/L; % Rl ¥ 1 9 B L 1A 2 LGOI R Al
TR BRI B () MIC 4 7.80 mg/L($62).

e S IO 5 5 LN, PR 20 4 B (0 4
BR B B9 MIC 2 31.25 mg/L; X 77 5 32 IR 42 T4 Y
MIC 4y 62.50 mg/L ; X &l ¥ il 5 B A1 4 [Q R
1 MIC K 250 mg/L(#£3) . BiFR %o R X =R 2
JEHR 0 MIC 4 62.50 mg/L(F£ 4), T8 Z45%)
4 ¥ 00 A BRI 89 MIC K 15.63 mg/L; % 77/ 3%
JIE 12 T 4 MIIC 2N 7.80 mg/L 5 %oF 20 )6 M BRI T4 1)
MIC 241 3.91 mg/L (£ 5) . Ik I XF 4 8 0 ) %4
BRTA L MG A FCO TR A 2¢O iR B TR A MIC
1.95 mg/L ; X} 7S IE B AR B AR 1 9B A MIC
$93.91 mg/L(F£6),
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(a) B OATRIER A (b) P RIERERR TR (c) Rl MK

Staphylococcus aureus Clostridium perfringens Vibrio parahaemolyticus

(d) M ZELCINTE (e) PGB AT
Vibrio harveyi Pseudomonas fluorescens
L. BRFR UENIR 2. VAR ;3. i 4. SRKFI ;5. ZEA0KFM ;6. A4 7. B s 8. Hl.
1. Sodium bicarbonate solution; 2. Blend oil; 3. Soybean oil ; 4. Canola oil ; 5. Sunflower oil ; 6. Glucose ; 7. Kerosene ; 8. Glycerinum.
Bl 1 Bk A39-1 & B B RR A 7R REZENERE X R B M #IE A
Fig. 1 Inhibitory effect of rhamnolipid produced by P. aeruginosa A39-1 with
different carbon sources on pathogenic bacteria

®2 REREXMSHREERNMNIERE
Tab.2 MIC of rhamnolipid on five pathogens

itk FlA= B i % Rhamnolipid concentration/(mg/L)

Strain 1 000 500 250 125 62.50 31.25 15.63 7.80 391 1.95 0 CON
Sa - - - - - - - + + + + -
Cp - - - - - - - - - + + -
Vp - - - - - - - - + + + -
Vh - - - - - - - - + + + -
Pf - - - - - - - - + + + -

TE 7R H R I B AT A AR AR A K - IR R R, T A AR R AR A K

Notes: “+” indicates that the medium is turbid and the target strain is growing; “-” indicates that the medium is clear and the target strain is
not increasing.

®3 BREBRMSHHERERMIERE
Tab.3 MIC of enramycin on five pathogens

itk JBHI8E Z & & Enramycin concentration/(mg/L)

Strain 1000 500 250 125 62.50 31.25 15.63 7.80 391 1.95 0 CON
Sa - - - - - - + + + + + -
Cp - - - - - + + + + + + -
Vp - - - + + + + + + + + -
Vh - - - + + + + + + + + -
Pf + + + + + + + + + + + -

TE 7R H R I B AT AR AR A K - R IR IR, E H R AR 2 K

Notes: “+” indicates that the medium is turbid and the target strain is growing;
not increasing.

indicates that the medium is clear and the target strain is

http://www.shhydxxb.com
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*4 BEREERXSARREES/NMIERE
Tab.4 MIC of colistin sulfate on five pathogens

Bk WFRZN 2 % it Colistin sulfate concentration/(mg/L)

Strain 1 000 500 250 125 62.50 31.25 15.63 7.80 3.91 1.95 0 CON
Sa + + + + + + + + + + +

Cp - - - - + + + + + +

Vp + + + + + + + + + + +

Vh + + + + + + + + + + +

Pf + + + + + + + + + + +

TE 7 BN B SR B, A AR bR A I - FOR B SRR, T A AR AR A K

Notes: “+” indicates that the medium is turbid and the target strain is growing; “-

not increasing.

" indicates that the medium is clear and the target strain is

x5 ITEREFWSHHRERRNMIERE

Tab.5 MIC of oxytetracycline calcium on five pathogens

ik + % Z 55 % & Oxytetracycline calcium concentration/(mg/L)
Strain 1000 500 250 125 62.50 31.25 15.63 7.80 391 1.95 0 CON
Sa - - - - + + + +
Cp - . . . + + +
Vp + + + + + + + + + + +
Vh + + + + + + + + + + +
Pf - - - - + +

TE 7 FORFR IR B A HARR AR ARG - FOR ISR AR T HAR kAR K

Notes: “+” indicates that the medium is turbid and the target strain is growing; “-

not increasing.

xR6

" indicates that the medium is clear and the target strain is

A BE X 5 R R B A& /M E R E

Tab. 6 MIC of Stafac on five pathogens

(7S

MR F it Stafac concentration/(mg/L)

Strain 1000 500 250 125 62.50

31.25

15.63 7.80 391 CON

Sa
Cp
Vp
Vh
Pf

+ + + + +]o

T IR BRI I B A AR bR A I RO B IR R, T H AR AR A K

Notes: “+” indicates that the medium is turbid and the target strain is growing; -

not increasing.

8 B iL- ik 4 47 (LC-MS)
I FH VB AE 2 155 B R JOE i 2 % i) % 152 B L R
A39-1 53590 LA I 58 26500 R 25 A6 FF I Oy o — Bk
U5 % WA 7= 1 B WS i R AT A0 . ph €8 T AT
DVE TR — @ik 500 T, 3R R HEIR 1Y (2
T 32 U 0 A (i) — B0 (TR 2)  fHL ] — s e s )
i EHASHE (1 3), B 205 AR R R P 4540 A
G

iz FEE A 55 B I B 0 4 18 L 1), BR 2 A
AT R 43 A BAMERUIR SO AL | OSURE SULE B
ARG A FPEE AL o ARAE A5 T R S T e L

2.3

” indicates that the medium is clear and the target strain is

e

JCZ AT KA ST AR 2 B T 3
SRR RE b By [R] R AL oy e 2549 (R 7) o i
SRR BT A39-1 LUH Il A& L = 1 SRR i
LA 2 8 A [F] R W, b AL AR 4 Fh OB
(Rha-C,., .Rha-C,., .Rha-C,,., . Rha-C,,) Fl 4 i B
X Jg (Rha-C,,,-C,.,. Rha-C,,.,-C,,.,. Rha-C,-C,,.
Rha-C,,,-C,,.,) , Rha-C, ., & = Z 4540 5 16 L) A 4
W K T A 7 1) BR 20 g v e 21 S AR R
£3,3% 3 F 0% . JIE (Rha-C,., . Rha-C,,.Rha-C,,.,)
F12 2l BUIE (Rha-C,,-Co., - Rha-C,-C,,) , Rha-
C,o 0 EBLLEH s 72 ASEAE R A e A 7 1) B2
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JIg ARG 1) 8 A [R] &y, H b A 4 5 R ERORE BRI
(Rha-C,,,. Rha-C,,,. Rha-C,,,,. Rha-C,.,. Rha-
Co., ) 1 3 Ff B XL (Rha-C,-C, .Rha-C,-C, . Rha-
Cy.,-Cho.) »Rha-C,, N F L5
2.4 AFBREMEA39-1E2EFALEN

B 3 A1 B M TR A39-1 3 R 4 F A B K
6 374 121 bp, YL a1k GC & &N 66.61%, Zitith 66
A~ RNA Fil 16 4~ rRNA . LU 2] 5 824 4~ FF ik
[5%] 524 (Open reading frames, ORFs) , AT (1 fif 4%

1N 5469 138 bp, il 2R R A39-1 FE N 41
1y Gt f5 B C B 1% 2 GenBank B4 5 , 5 565
“h CP068238.,
2.5 FHEF(VFDB)SHT

i 2k B PR T A39-1 Bk P 41 /£ VFDB
(Virulence factors of pathogenic bacteria, VFDB)
Bl PRSI 210 SR MHE T DU sk Py
Wi A P BRI R L R MACJRRN B 23 U8 R A
K7 LR (R 8) .

120 000 12.17
2100 000
E
£ 80000 f
= 60000
=
<
2 40000
§ 20000 [ e
1.63
o LL52 A 576 2.623.99 5.256.17 7.06 7.74 839935 0L, 1186|1232 1463 1676 1731 1934
0 2 4 6 8 10 12 14 16 18 20
fif6] Time/min
it Glyeeri
120 000 @ it Glycerin 1, |,
100 000 |
2
< 80000 |
g
< 60000}
z
40 000 -
g 1.63
= 20000 | 2.26
o L_1:40 261356 5245896517.337.98 959 1113 L . 16.75 17.29 19.61
0 2 4 6 8 10 12 14 16 18 20
[ [6] Time/min
(b) F % HE Glucose
120 000 ¢ 12,17
=) L
2100 000
E
€ 80000 |
E
£ 60000 -
= 13.30
sy 40000 | 9.84 13.58
£
20 000 - 11.71
= 15263005081 534617743 848 907 ) 1R 1384150315 37,75
o2 A 22 346.17743 848 2 , \ : .3716.73 18.01 19.69
0 2 4 6 8 10 12 14 16 18 20
i) Time/min
(c) ZEAEAF Sunflower oil
B2 EREA39-1 5 3% B 3 FhakiE BT - RZEERE R |k R
Fig.2 Liquid chromatography figure of rhamnolipid produced by P. aeruginosa A39-1 from three carbon sources
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2 112.12
100 1212 00 - 338.40 100
95 | 95 | 95
90 | 9 Fiann 90 29528
85 | 85 85
80 | 80 80
75 b 7 s
g T0 1S g 0 y 335.29
S 65t g 6 g0
< 3 153.12 E
N R g
2 < |
S st S s S 55 23937
M| £ % 379.38 £ 50
&2 45 2 45 2 45
i & &
w40 T # 0
E 35 366.28 E 3 g
T =30 =30
25 25 25
20 20 20
15 b 2728 15 15
10 il 10 10
. s 5 497.30
20525 540.11627.96 7214 839.16 931.89 66522 746 48 33 10 993,51

603.16 164920 §13.87 g5 49 )

200 400 600 800 1000 200 400 600 800 1000 200 400 600 800 1000
Jfur te m/z AT m/z ST H miz
(a) H Glycerin (b) H#i%iHE Glucose (c) ZEAEAFIH Sunflower oil

B3 EHRA39-15 5 & B 3 PR AT R ZEHE AR Y Bk

Fig. 3 Mass spectra of rhamnolipids produced by P. aeruginosa A39-1 from three carbon sources

RT BEHRA39-1 55 K B3 TR REME RN AR KBNS 8

Tab.7 Composition and relative content of rhamnolipids produced by P. aeruginosa A39-1 from

three carbon sources respectively

0 i
o A AFL M REET we OTER
Type Homolo, Formula M Metal ion m/z Relative
M J " abundance/%
Rha-Cg,, C,,H,0, 302 [M+H]" 303 25.69
) Rha-C,,, C,sH,,0, 316 [M+Na]” 339 35.03
HARE R Glycerin Rha-Cn
Rha-C,, ., C,,H,,0, 347 [M+Na]” 366 44.42
- Rha-C,, C,H;,0, 333 [M+2Na]” 379 17.75
3
Rha-C,,-C,., C,4H;,0, 390 [M+Na] 413 5.42
Rha-C,,.-C,,,, C,,H;,0, 558 [M-H+2Na]" 603 3.09
FREIUE Glycerin Rha-Cn-Cm X
Rha-C,-C,, C,,H,,0, 588 [M+K] 627 15.04
Rha-C,.,-C,,., C,,H.,0, 616 [M+K]" 649 4.51
Rha-C,,, C,H,,0, 316 [M+Na] 339 17.69
HpERE Glucose Rha-Cn Rha-C,, C,H,,0, 333 [M+2Na]" 379 42.17
A HE Rha-C ., C,H,,0, 360 [M-H+2Na]" 405 6.31
) Rha-C,,-C,,. C,H,O0 501 [M+K]* 540 4.57
FUEXUIR Glucose Rha-Cn-Cm 100 W .
Rha-C,-C,, C,,H,0, 588 [M+K] 627 3.26
[M+Na]" 313 20.72
Rha-C,, C,;H,,0, 290
[M-H+2Na]" 335 51.70
Rha-C,,., C,,H,0, 347 [M+Na] 366 21.06
Ul PAIE Sunflower oil Rha-Cn
Rha-C,,,, C,H,,0, 360 [M-H+2Na]’ 405 16.94
FEAEkFI Rha-C,,., C,H,,0, 386 [M+Na]' 409 9.57
Rha-C,,, C,,H,.0, 414 [M-H+2Na]" 459 4.92
Rha-C-C, C,¢H;,0, 392 [M+H]" 393 36.25
HHESUE Sunflower oil Rha-Cn-Cm Rha-Cy-Cy C,H, 0, 447 [M+H]" 448 6.37
Rha-Cg,,-C ., C,,H,,0, 474 [M+Na]” 497 3.58
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RS HEHEA39-1EEH VFDB A& Rt

Tab. 8 VFDB analysis results from statistics of P aeruginosa A39-1 genome
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Fig. 4 Synthetic pathway prediction of rhamnolipid in P. aeruginosa A39-1
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Structure and synthetic pathway analysis of rhamnolipid products from
wild-type natural rhlC gene deletion strain Pseudomonas aeruginosa A39-1

LUO Huifang"***, QI Jianhua'***, TONG Wentao"***, WANG Rui"***, LYU Tianyi"***, SONG Zengfu"***
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. National
Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306,
China; 3. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai
Ocean University, Shanghai 201306, China; 4. China-ASEAN Belt and Road Joint Laboratory on Mariculture Technology,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: To explore the antibacterial activity and structural composition of rhamnolipids produced by
Pseudomonas aeruginosa A39-1 fermentation with various carbon sources, as well as to analyze the
rhamnolipid biosynthesis process, the inhibitory activity of rhamnolipids against pathogens was determined
using the Oxford cup assay, the congener composition of rhamnolipid samples was detected and analysed
using liquid chromatography-mass spectrometry (LC-MS) , and the whole genome sequence was
determined and assembled using Illumina Hiseq and PacBio. Genome sequence annotated and analysed
rhamnolipid synthesis-related genes. Rhamnolipids produced by strain A39-1 by fermentation with
glycerol, glucose, sunflower oil, rapeseed oil and blended oil as the sole carbon source had antibacterial
activity; LC-MS detection of rhamnolipids obtained by glycerol fermentation as four monosaccharide
monolipids (Rha-Cg,,, Rha-C,,,, Rha-C,,,,, Rha-C,,) and four monosaccharide bilipids (Rha-C,.,-C,.,,
Rha-C,,,C,,.,, RhaC,,-C,, Rha-C,,,-C,,.,) , Rha-C,,, was the primary structure; The genome was
anticipated to have genes for rhamnolipid synthesis related to algC, rmlA, rmIB, rmIC, rmID, rhi4, rhiB,
as well as the absence of gene rh/C encoding rhamnosyltransferase II synthesizes bi-rhamnolipids.
Pseudomonas aeruginosa A39-1, a wild-type strain with a natural r2/C gene deletion, produced mono-
rhamnolipids exclusively by fermentation with different carbon sources, and the mono-rhamnolipids had
antibacterial activity. This study explores the antibacterial activity of mono-rhamnolipids, analyzes
composition and biosynthesis pathways, and provides new ideas for the development of new green
prevention and control medicines for aquatic animal diseases.

Key words: Pseudomonas aeruginosa A39-1; rhamnolipid; antibacterial; liquid chromatography-mass

spectrometry; whole genome sequencing analysis
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