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Intestinal microbiota aggravates the salt stress response in
Drosophila melanogaster
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Abstract: [Background]| High salt in diet is currently a major issue in life, and the interaction between
intestinal microbes and salt stress has become one of the research hotspots. [Objective] To explore the
effect and the underlying mechanism of intestinal microbiota on the salt stress response using D.
melanogaster model. [Methods] To evaluate intestinal bacterial load with plate counting and qPCR. To
examine the fitness of Drosophila with survival rate and locomotion. To investigate roles of intestinal
bacteria in salt stress by generating germ free flies with chemical reagents and antibiotic cocktails. To
detect the integrity of the intestinal barrier using dye permeability test. To assess the expression levels of
genes utilizing RT-PCR. [Results] High salt induced the dysbiosis of intestinal microbiota in D.
melanogaster, leading to a significant increase in intestinal bacterial load. High salt compromised the
survival rate and locomotion of D. melanogaster adults. Treated with 0.75 mol/L NaCl, the survival rate of
GF female flies was 11% higher than that of counterparts. Additionally, bacterial depletion using
antibiotics efficiently improved the survival rate of females challenged with high salt. Intestinal dysbiosis
exacerbated high salt-induced intestinal barrier dysfunction with a 8% decrease in Smurf than that in
control fly. At the molecular level, the expression levels of Attacin-C and Duox in GF female flies in the
case of salt stress were 2.5- and 1.7-fold higher than that of CR flies, respectively. [Conclusion] Intestinal
microbiota aggravate the salt stress response in D. melanogaster, resulted in intestinal barrier dysfunction
and suppressed innate immune activity in the presence of salt stress.

Keywords: D. melanogaster, Intestinal microbiota, Salt stress response, Intestinal barrier dysfunction,
Innate immune
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M3 3L i (Drosophila melanogaster)7F 4 1 3=
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it 25 SRR AT & A2 35 Bh AR AL, IR TE
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i ZRE I, 375 % B TR A, U B
REZAL, AT KRR, AR5k, St
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EAEIHLEL,
1 MREFE
1.1 REBRSEARFGE

5 FLi(Drosophila melanogaster )it & Oregon
R (OR), WIJCHFHIULHA, Py Sebmss b 55 e i T
25 °C, FXFIREE 60% M HIRAE T, FEFGEI N
12 L:12 DL Gl g el T, i 35 5 FH 1 K-
BERE SR (g/L): A0 63.20, BEEERY 24.00, Bl
13.00, M 31.60, CaCl, 0.83, E KK 77.70, B
JE 9 G A7 B2 4N 8.80, JEVAZK THE 14.70 mL),
1.2 EERFIFNEE

AR, Sigma-Aldrich 23 7] 5 ) % st £
TRIzol, Invitrogen /A F]; PowerSoil DNA /73 &5 i)
£, MoBio 2y H]; FastKing RT Kit (with gDNase),
KRR AL AR A F; RT-PCR &,
TaKaRa A H]; H/AERZR, HBILHIZ525F]; Walch 1H
I, MEBCEA ] st HaR, FREYATFL
PER PCR X, Bio-Rad 2A+]; BfERY, Jbit
HHTE AT
1.3 EERBARMNEERBARNES
1.3.1 EHE#EER

FHEEREE B, 4R 6-8 h INAYSRIEIRAG
TCHEKIEENNG R E, Walch WH# 3 %K, 1 min/ik,
WEPRENEEE 1 min, 1000 r/min Z5.0> 1 min, 75%
CFEHTE 2 K, 1 min/Ik, PBST iEUE 2 W o
WERREERS 20 R S skrb, RIVA] sy o R0,

SUE TR R . WERIE 6-8 h ARHR, ™45
TR 100 uL IRARBTEE R, % NAAR™), 37 °C
THIR S5 FRAAE SR 24 h, WMETCH I K A HIW GF
RO N . WA TETEER, FEA At R g, &
BT FIH 2R
132 BEHEKFR

TETCHRIR ZR LR A RRRAN R sl Z TR
RIEAZEAERA R o TR A TR R s F
T IAFR SR U 75% 2 S B, TCRIKIE TR
2K, WHERIEATCHEMRRITT, XFRK CR Heif,
14 E=PCR

ff e CR SR MEAE 412 E T 1 mL PBS 1,
Xf BRZH NS 2H 4% 40 H o FH PowerSoil DNA 435
IRF L BOLN 4 DNA, LL B-Actin 1 NS 3
(B1¥: L. 5-TTGTCTGGGCAAGAGGATCAG-3';
R: 5-ACCACTCGCACTTGCACTTTC-3"), i
5197 16S (F: 5-AGAGTTTGATCCTGGCTCAG-3';
R: 5-GGTTACCTTGTTACGACTT-3")A5:M b iz
MR H8 CE, MENACSC, IR
—C X BEJEIR , FX k=2, SEB6 T 2 OB n>3
1.5 REBEHIEEHNRENGIE

TR CRE T I « SRR 35 em A9 3%
R, SN2 R0 b s
g3, IR B R SRR, b i e 10 Y S 3375 B A
BRAYEBE R 14 cm. SRMEEEICHE 7 e 70 R PR
HEAT, TE T T A R A B GRS R T Wi
5107, KRR N 5 4, BAE 10 K, KR
MR REN, BRRG, BT,
FOIRMETT 6 H AL Ma %8 C 275 IH A% PR A B[] o 550
AE 7RI A < 256 B PR K R 26 om A 21 FE IR 2 8
2] FEE VA ) TR SR PR VA 2 SFLE O 20 B R A ik T
RGP, WIRESNBS R AR M ¥R
HRMRA N 54, B 10 H, B T -
PN A A, BRRG, BT TR, M
FOFME /G 6 H IR i 55 0 380 221 B 0 A5 o0 i) bt
B o 43 5 Gt 58 IC B 5% Ml A Ry is B
i AE S o

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1870 A 2 A

Microbiol. China

1.6 BAEIHE =R

DL 2. 4% R B R R A, X CR A 5-6d
F14) SR AR T X R 2 R SIZ 965 2 T 2 T PRGN & A
MR EHURARMES 10 HET54 75%%
KT EP 45, (KFIHEE 1 min, PBS 21K,
R4 1 min, JIIA 200 pL PBS BFE, HhHL 100 pL
YENFW . £ NA MR F ik BERR R RE LR A, &
F 37 °C §55% 36-48 h, TG FRILPBETES,
HAREERCH 30-300 4>, Htgit R e R
TR A P ) 28 PR o
1.7 REBTFEZEANE

B 5—6 d 1SR ZE COL BRIk HBUE |
T SR B T A 0.75 mol/L NaCl (¥ 37 5,
B 20 Ko MEERMNATS 6 d IAFTE R,

h T g aa X R LA B, SR ATRA
HiLE 2 (0.14% 75 55 2 +0.2%HE55 24T T-Hi, %R
HRAIEEEY. ABBAIMA 100 pL IREGHUE
RIWWE TIER BRI, (BRI 6 d 55
FHRE AL, Gt HARE R
1.8 REREFNEEHHINE

RMEZe COy WRIET , PRBUMErE R B T 5 F
0.75 mol/L NaCl [ EYREFE, M4 20 X, RH
12 BfIAE I e B E Eha S 3 d BRI R A
PRI
1.9 FRISBE ML

R T A A 5 M R R BE SR AL, R
FYekhg Bt Je i T
25% M EHARMIER SYRERME 9 h, &k
MRS, FRRINT 2.5% =k EHaEMEs &
PyME e A 24 h, GEiFES R AR IE BRI RE ST
%, e FURBRMG TIHAIE s AR, iR
SN RO A E N ROy S E SR i) 7] e V&
28 El—F 452 RIS, RN Smurf B4 .
1.10 SEATEE PCR

M CR FI GF R E4HL E T 1 mL
PBS 1, XFHEZHANSLEZH 4% 40 H . JH FastKing RT
Kit (with gDNase)#EHUIZIE 4 215 RNA; SRR

cDNAML DIBHARE [ 49 £ (ribosomalprotein
49 gene, rpAE RN NS EEN(GIH: F: 5'-GACGCTT
CAAGGGACAGTATCTG-3"; R: 5-AAACGCGGTT
CAGCATGA-3"), H51¥%}(F: 5'-CTGCACTGGAC
TACTCCCACATCA-3"; R: 5'-CGATCCTGCGACTG
CCAAAGATTG-3")#ill Attacin C Fik/K -, H5I
YIXH(E: 5'-CATTCCCCTGGACTCGCAC-3'; R: 5'-
TCGTGCGATTGGGTGGAC-3")#ll Duox Fik/K
SR C A, ST NAC=C, H Y IER-C,
X IR, AN ek k=2, SEB6E A Ok n>3.
1.11 HESHEEE

fdi 1] Excel B Gtrdid , AR
I (mean) FIFRMELR(SEM), JH SPSS #A %444k
PRIE) ) 22 5617 t K34, i GraphPad #il
Adobe Illustrator A4 HIVEA A S

2 RS540
2.1 SEREMRIBFESREE

LR a8 T 5 [ R 8 A W PR RO B i AN 4 43
WU, R R T R AL B A, BV
Lo FH SN T S P T2 4 T BRI R i
IR & IR AN AT a5 350 i, ARSZIG AR
M ECAGIN 7 v o S i a3 ey g L1,
SESLL IR, b A EE S SR i T A T 2
(E 1A, B, P<0.001), Mix}BEZH 1.6x10° CFU/H
HnE) 1.5x10" CFU/H (K 1B), 295 T 10 45,
DL R m R T i iE R e, s At
FRATHES | SR i T B R AL
2.2 EIMBMRRRIBFEEFEEEE

W 20 HUE | BfESRSE 235H 0.0.5.0.75. 1 mol/L
NaCl 4bFf, W5E 3 d PIRMEIIAATE R . 5 R 5R1A
B2, FLMRLEIEREEE NaCl ¥ i
IR FRAEP(E 2A . B). 45 3 K 0.75 mol/L AbFH
(R SRR SRANR 26%, T % IRZH N 99% (& 2A,
P<0.001), HEFMAATE RN 14%, 1ixTHRALAAE
K5y 98% (& 2B, P<0.001). 45 F150 A £k ik B ARG
TR R, BT 0.75 mol/L NaCl &b H 5 i
RORU R, HMER B & Eh s sz ey, PRl 2k
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Figure 1 High salt increases the total bacteria leading of Drosophila guts

TE: A: CR GHm=50)F LA SZIGALT 107 F5R R A0 RIS SRR AT NA B8, e R ht, BoRURERIER; B:
CR SR FEAL AN S 56 2 M i 40 i B 42 h; C: F qPCR AN X RRZH AN 2 50 20 20 B8 K SF- . B 508 o S 8 (E A v iR 5
*:0.01<P<0.05; ***: P<0.001 (FAEEAS t KIG).

Note: A: CR flies (n=50) in control group and experimental group were coated with the homogenate of flies with 1 000 dilution on NA
plates and Intestinal microbial load was determined. Representative images are shown; B: The quantification of total bacterial load in

guts; C: The bacterial levels of control group and experimental group were detected by qPCR. Values represent mean+SE;
*:0.01<P<0.05; ***: P<0.001 (one-sample t-test).

A B
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P P
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= 06 Z 06
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2 04f 4 050mol/LNaCl & 04} s 0.50 mol/L NaCl
w2 w2
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1 1 1 1 0.0 1 1 1
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Figure 2 Salt stress reduced Drosophila survival rate and locomotion

e A: MEHERIE@O=100)4 0. 0.5, 0.75. 1 mol/L NaCl ZbFRMfFIE 3 B: Mtk RI8(mn=100)H 0. 0.5. 0.75. 1 mol/L NaCl 4t
PRIAAIEAR; C: R(=50)82ICRE J1; D: RW(n=50)7FHIAE J1. I B A VI EEbRED; 4 P<0.001 (FFEA tH5E0).
Note: A: The survival rate of female flies (n=100) treated with 0, 0.5, 0.75, 1 mol/L NaCl; B: The survival rate of male flies (n=100)
treated with 0, 0.5, 0.75, 1 mol/L NaCl; C: The climbing velocity of flies (n=50); D: The running velocity of flies (n=50). Values
represent mean+SE; ***: P<(0.001 (one-sample t-test).
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R WA S2 5% 0.75 mol/L NaCl Ab 3 i SR i
b 38 300 R AT SR R 2l RE ), T A 2 Ik A
e R R S o 25 IR o, SRR R e 5 2R e
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PSR, 25 WK, ZbiE KPS gk
BEOEER 2.84 d, I KFdHh 6 d (K 3B). ik
WPRJE, GF b2 eH 2 CR RIEAY 1.42 1%
(1 3C, P<0.01), H.FF#I# A= CR FRMA 1.50 £%
(3D, P<0.001). LA FEAEHEH], WA REY)
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24 BFERBENESRIFSHHREREINEGEREL
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Figure 3 Intestinal microbiota aggravate salt stress in Drosophila
{E: A: CR 5 GF ¥ (n=100)7EE W & AF P AFFHE AR B HUAE AN T £R W30 4b IR 8 (n=100) /7 {E %5 C: CR
5 GF R (n=50)7E R Wi J5 1 CH & ; D: CR 5 GF M (n=50)76 55 Wk 160 A0 BT (04 7 B R . &1 P 5080 o ST 35 (s o 152

#%, 0.001<P<0.01; ***; P<0.001 (FLEEA t K24R).

Note: A: Survival rate of CR and GF flies (n=100) challenged with salt stress; B: Antibiotic treatment increased survival rate of
salt-stressed flies (n=100); C: The climbing velocity of CR and GF flies (n=50) treated with salt stress; D: The running velocity of CR
and GF flies (n=50) in case of salt stress. Values represent mean+SE; **: 0.001<P<0.01; ***: P<(0.001 (one-sample t-test).
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Figure 4 Intestinal flora exacerbate intestinal barrier dysfunction induced by high salt.

TE: AMB: SmurfAREEE 5 A: B FFRSERERRNE; B: HIEFRAEARME; C: CR A GF U8 24 h NI Smurf (5E

P R T (R,

*. 0.01<P<0.05; **. 0.001<P<0.01 (PAEEAS t A5:56).

Note: A and B: Representative images of Smurf; A: flies with intact intestinal barrier; B: flies with impaired intestinal barrier; C: The
quantification of Smurf for 24 h in CR and GF flies. Values represent mean+SE. *: 0.01<P<0.05; **: 0.001<P<0.01 (one-sample t-test).

) T8 B R A MR EL , R4 BRI IS
(K 4B), KA “Smurf’, Z5R R, CR 4LRMTE
PR FES HEE Smurf B E 43R R 20% ([ 4C),
VLA ARG R E B I RE AL, GF 4RI 7ER
EAPE P Smurf BT 4RE N 12%, E%ﬁ&%ﬁ
CR R (P<0.05) , 25 R U8 BH i 18 B A A I e s 4k
S R REZE L
2.5 MEMEIGISER R RGEMN

TR I P 1B G VTG S, PSS 2 AP IR

A
0.004
*

o Kk
2 0.003 |- [ Control T
‘-é ] HSD
Z
S 0.002
g
g *
2 0.001 |
[*]
4

0.000 ||

CR GF

E5 MEREDIESERGEERGEY
Figure 5

(antimicrobial peptides, AMPs)fY 23 1G4 H i
J(reactive oxygen species, ROS)E"Jfﬁi, DU Bh b
ﬁ’%ﬁfﬂﬂnjn PR AATE S WS E R PCR R4
EhAEFE)E Attacin-C (AMPs)5 Duox (ROS)fZEAIK
-, R ERSXTRAM, MRS Attacin-C.
Duox [J#k/KEAE CR, GF Fligrpiss, XAFA 1
HAZEIL, DRA 0 38 5 0 M i S e N 2 . RIS
CR Rifkit, GF Fif Attacin-C MRk /KF-4 5 &
HMMTHE, H CR GURRILEM 2.4 54 5A,

0.006

* %k

I Control —|—
[JHSD

0.005

0.004

0.003

0.002

Relative ratio Duox/rp49

0.001 -

—
0.000 CR GF

Intestinal microbes inhibit innate immune system activity

. A: CR il GF B0 Attacin-C JLR p9AH %I 26355 ; B: CR Ml GF JLi A% Duox JLR pyAH 2655, B BUR N T bR ES.

*: 0.01<P<0.05; **: 0.001<P<0.01 (FAEEAS t K 55).

Note: A: Relative expression levels of Attacin-C in CR and GF flies treated with salt stress; B: Relative expression levels of Duox in CR
and GF flies treated with salt stress. Values represent mean£SE. *: 0.01<P<0.05; **: 0.001<P<0.01 (one-sample t-test).

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1874 TEY I8

Microbiol. China

P<0.01), [AIFE, GF i Duox A kK CR
R R E T, A CRIEMEFR ISR 1.7 £%5(4 5B,
P<0.01). DA EZ5FULHT, J i sl 2l il o K 4
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3 WS4

o S A AR A ZE B R A A S T T2 A [
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B, b T R E A E R 1), AT
B A YR S5 T Eh e ROV 02
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FREAAHLE, GF RERAIAEIE 20 EHE (A 34), 2
e B R E (& 3C, D), [N, RAHER
T, CR MM R B (E 3B).
B, B ERIR A SN BRI PN g 1 AR R R 2
KAWL, FealEsl gl Ak
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o FEOR MR LRI B0 0 M 38 S P
(L R Ay & A B Ak, A Rt — 25T
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SUUT i T o I 1 S B T LS 3k 2 SR e M —
RN TT R MR PR G e A I U o SR B 1 e T
EH, YeRM TR ALIE N (R 4A). MR, Qi
SN e a7 NPy S s SUNST 2o T = g
X R R <Smurf” (] 4B). FA1& PR
RIS SRR ) B E AR, HEX T RE S R AR
H WL EEZEA e, S i o BE Z LR
P TE S AE T KT B S 3 5 S EOR RS R R
SEBE (B 5)o FERMRIRPY, 5 5 RGEAH Y
5 S MEA Toll @E% S Imd JEPE", W@ Y
FEIREE UM E AMP SR A5 S 0E L FE . AMP
JE DR AT DA Gt B — 6 - B 50 /NI 4 B TR T R AR oY
(g EAROL JRAT TR B, W Rt BIS AMP JE[H
Attacin-C JEN gAY Rk B R (B 5A). TEPHEA

(reactive oxygen species, ROS) & i oy R 40 Y
H—HEELEDR, ROS J& AU L Duox 7™ A= HY
— ol g A R Y R MR e — AT R B R (NADPH) 4R
1, 255 S e Y R 2 A e P,
Ry ER AL PR , Duox 5 A AR X R kit T (8] 5B).
1E CR Rigrf,  ph T 2Rl 18 505 AR P w e
AABEE R R eeidith, YEh i v oLk
I, AT REAFLE S Bt T, A T S A I RN
15 GF R, i T i WA R R
SRR SEHAR, TSR E AR T MU, ATl
RO LA G52 155 P T 7 225 b S A 0 v 10 e 2
T T A A TR 0 BT R4 , DTS BILAAR i 4 B A
PRAPPERT . X —HEIS SIS R —3, A
T, GF RIBH A B (B 3A).

H i, i F2 T s s &
AOFE T A W5 15 g T AR 0 R AR A LA
o AT X AN TR, FAT TR R WA S i oA
B, WF5E T iE A PR SR A R X SRR
SO o ARSI, B AR A o e R SR R
R, MRS SR R R, JFE
B i 1 DA 1 IR 3 B B D REZE L, I
LR TR A TG Rz SR (8] 2). MiE A
PIRER 2R 5 BOR B A RBR A G, Rk E
SRR LT A AR RS N R Z —, Rkr Rk
WFFE R A IRE , ST E YA IR T .
ARMWEFE ARk B AT T A G 1R T — A7
WFFEANE R 5T
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