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B E IS 2ABFHTUSABINATE, RBUBRNEZITY, EEEBEMREEIEEAE
ERIE R FREREE . (B 0BRSS 2 RBIKNGELER, TR LS RBAKRFELF
om. (%1 A8 YG BREAA B REMEH,; FLREE. A5 T 16S rRNA AE 1t
A Z A, AR EAFE AL S TR EMA S REEEXR; EIARRRAEE, EiEL
F A A ki B R IE AT A KAEA; RT-PCR %A ko FRRALRE; £EEAEEHMNE
958718 m I 6 3G I, B B AR BB RN R FAERE. (LR 5 B3 et B BTt R A K&
HHmE, 257 HE RMATE (Enterobacter hormaechei), %8 7T VAR E % 78 T B R 5807 18 vA B
BARAA, MATUHRELFE, ZHTHIRERBG A K, B iSRRI E 0G50
SRR BAA KAE, R AR R 878 638 h. E KRIAT AR T A B R 28 7] vATE KR A
RABEKF. (L L)VERMATRAZERBOA Z AT, FHEXETUARBRBGAERFLF.

Enterobacter hormaechei promotes the growth and development of
Drosophila melanogaster
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Abstract: [Background] Commensal bacteria can affect host’s physiology, metabolism and neural
behavior. Drosophila melanogaster is an excellent genetic model to investigate the mechanism of
interaction between host and commensal bacteria. [Objective] To isolate and identify the commensal
bacteria from D. melanogaster, and investigate their effects on the growth and development of D.
melanogaster. [Methods] The YG agar medium was prepared to isolate bacteria from the intestinal tract of

Foundation items: National Natural Science Foundation of China (31501175); Key Fund of Science and Technology
Development of Fenyang College of Shanxi Medical University (2018C02)
*Corresponding author: Tel: 86-358-2100769; E-mail: liuwei@sxmu.edu.cn
Received: 10-01-2020; Accepted: 29-05-2020; Published online: 30-06-2020
HEWA: EEARBAIEE(31501175); 74 ERIKE Y FHAEBE RN & B 5 342 (2018C02)
*BIE1EE: Tel: 0358-2100769; E-mail: liuwei@sxmud.edu.cn
Wi EEA: 2020-01-10; S HHEA: 2020-05-29; MEE A HHEA: 2020-06-30



FEUNEZE: 25 FR AT B 0 DA SR A N % B 3 ) 4011

D. melanogaster. Gram-staining, biochemical identification and 16S rRNA gene blast were used to
identify the bacteria strain. The commensalism between the bacteria and D. melanogaster was verified by
colonization and generation transfer experiments. The sterile and gnotobiotic animal models were
established to verify the growth promotion effect of E. hormaechei through the development timing and
growth rate. RT-PCR was used to examine the molecular markers; immunofluorescence staining monitored
proliferation of intestinal cells in fruit flies. [Results] A bacterial strain that could robustly promote the
growth of the flies was isolated from the gut of D. melanogaster and identified as E. hormaechei. 1t stably
colonized the gut of D. melanogaster and medium, and could be delivered to descendant. E. hormaechei
promoted the growth of the flies obviously via increasing PTTH secretion and promoting the proliferation
of intestinal cells in fruit flies. E. hormaechei decreased the level of glucose compared to germ-free flies.
[Conclusion] E. hormaechei is a beneficial commensal bacterium of D. melanogaster to promote the
growth and development of D. melanogaster.

Keywords: Drosophila melanogaster, Enterobacter hormaechei, Commensal bacteria, Growth, Development
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1.1.2 $EHFE

YG HEFR B (IS I a 2 W E A kiR ) Y CFA K 5%
I, /L) BRI 10.00, BEEHRHY 2.50, P
% 1.00, NaHCO; 4.00, K,HPO, 3.00, KH,PO,
3.00, NaCl 0.90, MgSO47H,0 1.00, CaCl, 1.00,
HZHE 2.50, MR 10.00 pL, EHE 10.00 uL, 4
A % BI2 1000 pL, P-%f 44 3 % B O A
(P-aminobenzoic) 10.00 pL, &= #k 141 % 10.00 uL,
42 B6 10.00 uL, Z&1%/K 1.00 L, pH 5.8-6.1,

TEbE-E R BT SR 3 (g/L) . EoRH 77.70,
FELE} 24.00, Brifig 18.00, A% 8 63.20, CaCl, 0.83,
FERE 31.60, B AREIEN 8.80. 10%JEIH/R
T 14.7 mL).,

BYIREFEIE (L) KK 70.00, HEHE 96.00,
Fie s e in ABERE, $itig 15.00,

1.1.3  EFERAKFIFLE

Walch HEEWR, B M)H A BRA
Triton X-100, YXEBLEH . Glucose Assay Kit, Sigma
oNF); EESEAF & . RT-PCRIXH £, TaKaRa/Zy
Al; Aii—$t PH3, Millipore 23] ; BT % —$i-568 .
4' 6- K FE-2- IR FEIE(DAPI) . TriZol, Invitrogen
N, 2B, Merck 23]

SR, ST 5 4 °C AR R O,
Eppendorf 2N F]; FEA4 41, Thermo /3wl SZHT
JETE PCRAY, ABI/AH]; WAllE, Leical A+,
1.2 A%

1.2.1 RiBHgIAFE

JIr A7 S e 35 4R R AR R BE 25-30 °C . R B
50%—-60%15FRAHN, HOBRW R 12 L:12 D, &%
YA TRERE- E AR BRI 2
1.2.2 EZERME(germ free, GHIBREURRES
& SR 4% (conventional reared, CR)#RE!AYE T

WAEF AL 24 h, 750 8 h NEYER, HKUHH Walch
THEE . AR . 75% %, PBST X H A7
BEALPR, ARAGTCHER, KR B TCM M B YRR
W, HHBSAERENE PG HES, &7 E

TRMEEIAY . FEERR |, T RINA ODsos (TR
LN 108 CFU) M BARRTA , flr B TR 541,
W50 T SRR SR ] 75% 2 . CH/K B8 VE 2
JERES , PRI A B B — R EE ST A TG B AR
BRIk FR T, HUORIR G R, DL E#RE 28
TETWZ RN T, SERUE BT T s ER
BRI TR
123 HEMIPBSS FENMFLETE

B 10 HUEPA: R B SR, CO, BRI , TERER
them b b iniE, & 1.5 mL EP &N, 75%
O BERRERZE v EUE 2 WU, A 100 pL
BRIRER R RIS J, 4% 10 R5A5 LR BRI
BISiRAi T YG Higrik(pH 6.1) |, BT 37 °C K
FAENIGSR 24-48 h, FrhsmpErE R, PRBCR
PRI T oAb IF R R R TORE , Il s TR R
FY. DNA 3O 1 W22 3CHk[4], 1 BAIA 16S
rRNA R 5 [ (EUES 14 : 5'-AAAGATGGCAT
CATCATTCAAC-3'; 5|4 : 5-TACCGTCATTAT
CTTCCCCAAA-3), i PCR HARY M IZ LA B
[ H B, PCR WA : ddH,O 34 pL, 10xBuffer
5 pL, dNTPs (2.5 mmoL/uL) 3 pL, k5|4
(100 pmoL/L) 1 pL, FF514(100 pmoL/L) 1 pL,
Ex Tag (5 U/uL) 1 pL, #i4R 5 uL, it 50 pL. PCR
JIi 25482 94 °C 5 min; 94 °C 45's, 55 °C 45 s, 72 °C
90's, 3£ 32 MEH; 72 °C 5 min, ¥4 PCR 7=
PEAE T TR () B A BR S Wl e, Iy
524 BLAST JPAItbxte, #heimE e, H
MEGA 7.0 # At
1.2.4 HERIRIMEFIFIE

VLU B TR FY $¢ 3% A S &
ORI (I . 22 200 D-TH 2B . TV PETER |
CWE. STRENE) YCFA 550, JRasin 17—k
PRI fiE ) YCFA 8537 50E s (IXT IR, 37 °C
HVEIRAA LA T i 73R, Kl H: 24 h AT ODsos
1 pH {11
125 EERE AR R ARG

(1) TEFESES - [ 4% R R 95 3
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FIF i 35 O SR A ST R R FY BRRIBRLS , 2 B
2 0%, 3 0. B, BURCPMBE 1. 4. 14 d)ReEK
12 1, 75%BEE6UE 2 6 , BERREh 2 ol ot 2 3,
RS Jo X A T LUAR RS, S5IIR A T4 YG 85
FE(pH 6.1) |, 37 °C FFRETHEURIR Fe il s
TR RITE S H RIS R Rt 0.1 g,
Fie 8 R IE A TR, THEORR AN ] b A9 b o 35
H R YA 2L

(2) HARAZILTLS: KRR FY 20 AR i
2 T5%CBE, BERER LR A TN E 2 G, R
TCHI) 4% BEEE- T RM R R I, A HOPI R
GG, A 48 3 W4 H | WL S Al R
R, BB E R,

12,6 ABREAMERKERLE

() EBTM: FHICE 0.25%. 0.5%. 1.0%
PR P T LR SRR B R (CR) . itk FY 28181
TG (GF) SR 4 B0 DA KSR A R s, e
THEE I SRR SR ] A Ay s H g e ]

(2) HERKHE . 43 BB 0.5%F1 1.0%8E LR 355k
H CR.GF .tk FY 28480 10 H(1 d 4R 2 1),
20 °C UKAH 1-2 h ¥ HEREOE, & THEI A |,
HES#55, AR, FIH Imagl #4184 H4hduy
REHEA, B 0.25%. 0.5%. 1.0%EEHkET 3 fh
R EREAR A 40 L, 3 SRR AR O (E
AT LR AR (A
127 g e!

PRH 4% BERR FERE 58 CR. GF. HPE FY
TR ARECPIIE 4 d)F% 10 H, BERRERSE vl
fimiE, SR TEARIRAED A N - T LA 2 4E
4%22 T S R W 2 i1 30 min, 0.3% PBST 3k
3=5min, % 0.2%ILFE I FT 0.1%M6 45 1035 1Y 0.3%
PBST (Triton-X100)%4] 30 min, 7E 4 °C &M F
1:1 000 FRRRMIHRIE—3T PH3 B F %, WHH
1:1 000 F BB AR —PLE= 1M H 3 h, 0.3% PBST
PRI 3 WA, 1:1 000 FBER9O YLkl DAPL Jutn,
10 min, 0.3% PBST FRUKPES 10 min, HlE A,
P WA R E EGIF Gt ds

1.2.8 SEAfEE PCR UK BEEERENE

(1) SEHFE SR PCR: 437 HRHL 1.0% 0 4% 57 5
o1 CR,GF ., Fkk FY S 10 H(3 d 4B ).
FIF Trizol ARBURA RNA, i F R e stk &
ZBRIERY DNA J5, FIA Oligo-dT 51494 5%
mRNA &% cDNA. ZJ5 LA cDNA J#5HR | rp49 (I
514 : 5-GACGCTTCAAGGGACAGTATCTG-3';
5 14: 5'-AAACGCGGTTCAGCATGA-3)E N
Z R W51 Y(EES 1) : 5'-CACTCCACATC
CCACAGAGATGGCGATGG-3' ; F % 51 ¥ -
5'-CCACGAGCTCATTCGTAACTTTGC-3") #; il #f
A PTTH $#58KF, HHRAANAC=C, HRY%EE
H-C, ZHEER, MxfFRik =22 RT-PCR T
JiAZ . cDNA 10 uL, PrimeScript RT Enzyme Mix
1 uL, RT Primer Mix 1 pL, 5x%PrimeScript Buffer
4 uL, RNase Free ddH,0 4 pL., RT-PCR JZ v 5514
94 °C 2 min; 94°C30s, 55°C30s, 72°C 60 s,
325 4MEFR; 72 °C 5 min,

(2) PR BE A E < 3 B 4%l BRVR B 15
FRHEN CR. GF DI GEE FY 24 R — b4l
10 H JCH /KGR 2 38 , RS f BOCHS MR B 1 pL,
R i i 2 1R 5 P U T A5 Tk B2 DL R S
A, SRIE R OEETHINE HAE 340 nm AN
JEMH, THA A FEA T AR (mg/mL) .

1.2.9 HESHh

SCIGER 3 LA b, DA ALEE 0 R EAE N
AR HA TG40, B ¢ K35 (Student #-test)
XA T2 75 o
2 ZR 540
21 HEMSBESEE

FIH YG 3558, MRz 8 75 2 3 — PR
BRI, ICsHON TR FY, PR E SR
BORANE, AR E TR SR R, iR 2R
T, HAKNA 1-2 mm, KAM, PR,
REDGHT ; TR Y 0w A2 [RPIET, SEBRFRIR,
HIEHHTE, 168 rRNA FEPRIM P s HAT &0 B
KR 1451 bp, HIFHIBEHESL E GenBank RS
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50 MN894018. HUXSRERFFAIS R AR, %R
kY Enterobacter hormaechei 3% %% 5 7 e it (K
1A), AR 100% (1 451/1 451 bp), H KX A
Fitkfn 4 N E. hormaechei FY . ZEAE S5 H Rk
AR SR 1 N DL 1 o 22 R R AR i 1A B
No HHEWIE TR —0 3, SERIHE
MERA A E RO, S BERRA EA FLA
MRS AL . DL R 25 AT i — 2D Ut R i 3
A TR I Z RN A
22 ERBITERIMEFTHFE

RS A AR A . 22005 . D-H8&

B ATUSTEVERY . L. LFEREN)IM YCFA K53
VUK E. hormaechei FY #IEF|HTE N . ODsos {E
TR . 2P LA I D-H i B 57
hn, WAL 1.2 (K 2A), T7EHABRRIE F ODsos
EAR D ER N, R AR ODsos (R3S, pH
(H R AR AR, K TG I 25 s, 2 A A 22 2F
WEREFR I pH (EFEARE] 4.7, HEREE IR ELRRAR
B 5.2, MHABRIERESRE pH (HAE LA B (A
2B). DL g5 RULE, 2R F A B 0T AR R R
Z2TEME . H RS DLAR IS, TS RE Bl e A A
Tl

Enterobacter hormaechei strain MSPCR2 (MK286959.21)
7 Enterobacter hormaechei subsp. xiangfangensis strain SG (MK426768.1)
Enterobacter hormaechei strain C15 (CP042488.1)

100

Bterobacter hormaechei strain MSPCR2 (MK286959.1)
FY (MN894018)
Acetobacter malorum strain NM118-6 (HM218481.1)

100|_,Acetobacter orientalis strain NS 03 (KU686733.1)

100 4cetobacter orientalis strain FY1 (KX943564.1)
ILactobacillus plantarum strain HBUAS52372 (MH665569.1)

——

0.05

E1 EsBEEK FY 5SRIEE RZERE L

1001 1 acrobacillus plantarum IMAU:10247 (GU138575.1)

Figure 1 Phylogenetic tree of E. hormaechei and common intestinal bacteria in D. melanogaster

TE: A BB RN FY S5RBCRIEIIES A RK RGN bR AR K MBI E 2 550

GenBank FEHUATE %S

Note: A: Phylogenetic tree of strain FY and common intestinal bacteria in D. melanogaster; Bar: Nucleotide divergence; Number at notes
present bootstrap percentages; Number in parentheses are GenBank accession number.
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Figure 2 E. hormaechei’s features of culture in vitro

—— Glucose

—=— Maltose

—— D-mannitol
—— Soluble starch
—— CH;COOH
—a— Sodium acetate
—a— Blank

4 8 12 16 20 24
z(h)

T A AFEBREREFENE R R RS B: ARIBRER I NERBIFE W pH B (L. Bk 3 WEE LRI THE.
Note: A: Growth of E. hormaechei with seven different carbon source medium; B: The pH values of E. hormaechei growing in seven
different carbon source medium. Values represent the mean of 3 biological replicates.
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23 ERMTEERWBMENER Ut B S FC A B 0 a0 R e ol 174 4 P 255 IR
BN RCHEIRAIR TR BERBHEE AW, JEHMEREEE I, CR. GF DU
JmR 2 WL 3 . W E SRS R R S s R B e e, DB Bk
7.2x10%, 5.1x10%, 2.2x10° CFU, BUELAMH 1, 4, FRIEEPVE IR AT LUE R A K, wue et
14 d HppE R E KKy 1.24x10°, 1.4x10°, PRALFE L R E SR A4 A E] . [ 4B SR
8.8x10° CFU (& 3A). X UiME R AAE  1F 0.25%. 0.5%. LO%EERHREAE T, GF i
TEMNERBARRGEN, RIURIAERRE P & dwt | 4 5008 19.120.5 . 17.0£0.5 .
HAFRERAE . FESRME 2 %, 3 . AR EY 151202 d, CR 0 P4k S Al du i) 43 51
BB rp S R 7x10°, 5%10°, 2.3x10°, 12.6+0.6. 10.8£0.2, 10.4+0.2 d, GF HHgAH%} T CR
2.6x10° CFU (K 3B), DX e RBpEyls  FUAHIER T 7, 6. 5d (P<0.001), i KimHF
FEHENETE . TEE RIGATFRR AR A F— R P 2% A S W P Ak S B BB 8] 43 51 R 12.3+0.03
gy S RIS R AR 7.1x10° 11.4+0.1, 11.0£0.1 d, MHT GF Filg, Z50l4Enn
4.5x10°, 1.7x10° CFU (I 3C). XULIIZEATLIZER T 7. 6. 4 d (P<0.001), 5 CR HFdffi] 22 50k A
MR R A . LR DR, BIRAHRERE 8. D EUBE R R LB S A R R E
TR —FPiAIEILA TR, IR AR S B DI, fEE SR Z A T IRBS R R . 25 L,
24 ERBHERHARIBAE FE FCHA AT R SRR 1 — PP g2 LA 18, fE— v
SR B KR A R BT TR LA R R N, AR R R R T IR AT
B R R A KRAEF AT g T 6 bR, 4550 2.5 ERBARESRBEKER
WK 4A BoR: 76 025%., 0.5%. 1.0%EEEkE %% RN, 2 AT R RT3 4 e SR
A, GF g st 8] 435100 16.4+0.4 . 14.120.5,  AB RS HA KA T . XPEFRFEREUS
11.340.2 d, CRHLH 0 0f (8] 43 59 R 8.2+0.3 . F14) O e SR e A ER R T S R B PR TR (1.0%
6.9+0.2, 6.6+0.2 d, GF it T CR Rig i MR EDSCE R = (0.25% M BHK D) 51T, B H
BT A AAER T 8. 7. 5d (P<0.001), [FE;, 28  RMAKRERAAHE ., 3 DB E T MR
[CHAF R R A R TE 3 MRS T BRI A 2050 WRIATE 225, 0.5%BEEHRIESME N E. hormaechei
6.5£0.3, 5.4+0.1, 5.3+0.1 d, 5 GF Bt rml  MEVERERMIT GF fA7E—E 2R, HARM MR
PRI T 11, 8. 6d (P<0.001), T HAZHTT CR g,  FHIZERE SA. B). FrLAEMZ R nl fei i ik

A B C .
10° - 107 _1wer
10 S 2
2 2 3 100 F
ERUAS g 2
PO = 100 F 5
210 F 2 = 100 F
2 10 F B =
O @) ©
10° 1 1 1 1 1 1 1 10° 1 1 1 1 1 102 1 1 1 1
0 4 8 12 16 20 24 28 0 2 4 6 8 10 3rd-instar Pupa  Adult
Time after egg deposition (d) Time after egg deposition (d) Stage

3 ERHEEETRIEBMERREFETEREYD

Figure 3 E. hormaechei colonized in intestinal tract of Drosophila and stability existed in the medium

e A BRI E7ERAIE A RER; B: RGBT H7ERM Y FILNEM; C: BRI HETERME TR e, B
P 12 HAMA 3 I PRSI Y I (EEpRifE DR,

Note: A: The colonization of E. hormaechei in the gut of Drosophila; B: The colonization of E. hormaechei in the culture medium; C: The

colonization of E. hormaechei in the offspring of Drosophila. Values represent the mean of 3 biological replicates containing at least
12 individuals each + SEM.
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Figure 4 E. hormaechei promoted the growth and development of D. melanogaster

W A ARIBERREAMFT, CR. GF LIE R AL LML RUST ; B: ARIBERKET CR. GF LUE RBGITHZE
AR S i I ). B 20 AN 3 W S SERR Y P ERMEDR. ns: P>0.05; *: P<0.05; **: P<0.01; ***: P<0.001.
Note: A: The timing of pupa formation of CR, GF or E. hormaechei in the different yeast concentrations; B: The timing of emergence of

adult of CR, GF or E. hormaechei in the different yeast concentrations. Values represent the mean of 3 biological replicates containing at
least 20 individuals each = SEM. ns: P>0.05; *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 5 E. hormaechei enhanced the growth rate of larval

e A: AR EE R R A N B SRR (A . B N [R]R Bv B 15 30 e P o R SR MR A A 5 BRI ER 40 HAFRAY 3 K E
I EARHEDRS; ns: P>0.05; *: P<0.05; **: P<0.01; ***; P<0.001. C: CR. GF DI [RIHHF i &4 RIBAE 0.5%
T I o o 5 TR R A 400 R (W AR T AR L [T T i . S N A28 (CR, ¥=999.7X-500.1; GF, Y=572.6X-258.8; &A1,
Y=1181X-395.2); D: CR. GF D KFERMGHIT B A TMRTE 1.0%BEvE B B IR L N 4l U PR RN R PE T U k. 2Rk EIH 2Rk
HH(CR: Y=1229X-755.9; GF: Y=906.8X-801.3; ERHHFTH: Y=1 121X-550.6). FHCEF L 10 RAMARY 3 R EE MESCi i E1y
TEEPRIERR.

Note: A: The weight of female Drosophila on different yeast concentrations of medium. B: The weight of male Drosophila on different yeast
concentrations of medium; Values represent the mean of 3 biological replicates containing at least 40 individuals each + SEM; ns: P>0.05; *:
P<0.05; **: P<0.01; ***: P<0.001. C: Larval surface area of CR, GF or E. hormaechei-associated larvae over time when grown on poor diet
(0.5% yeast). Linear regression curves are included (CR, Y=999.7X-500.1; GF, Y=572.6X—258.8; E. hormaechei, Y=1 181X-395.2); D:
Larval surface area of CR, GF or E. hormaechei-associated larvae over time when grown on rich diet (1.0% yeast). Linear regression curves

are included (CR, Y=1 229X-755.9; GF, Y=906.8X—801.3; E. hormaechei, Y=1 121X-550.6). Data represent the mean of 3 biological
replicates containing at least 10 individuals each = SEM.
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DSREERT . LA S i o 245 00 . st
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BEAMEECH 157 4, BLHH B 2T GF i
(P<0.001), 5 CR H[E]Jc2E 5 (& 6D), FERBERY
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Figure 6 E. hormaechei promoted the proliferation of Drosophila gut cells

F: A-C: CR. GF LR [T B A R b il 2 A 22 53 S AR IR (2020 PH3 ARic; W6 DAPI ARid; ARl
100 ym). D: CR. GF LUK [T BEA R B A 250 380e /. 1i. . FBX, n=6, R THIMHRMEDR;
ns: P>0.05; *:. P<0.05; **. P<0.01; ***. P<0.001.

Note: A—C: The representative imaging of mid-mitotic metaplasia in the mid-intestinal of CR, GF or E. hormaechei flies (red as PH3 marker;

blue as DAPI marker; Bar=100 pm). D: The quantification of mitosis in intestinal area of CR, GF and E. hormaechei flies. The anterior gut,
mid-gut and posterior are parts of intestinal area, n=6; Values represent mean+SEM; ns: P>0.05, *: P<0.05, **: P<0.01, ***: P<0.001.
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Figure 7 E. hormaechei accelerated the expression of PTTH and lowered glucose levels

T A: RT-PCR A& CR. GF DI AT & A MR N PTTH (#5575 ; B: CR. GF DURCEE BRI AT B 28 A AL AR PN A 25 e
BE. BRI 3 KA SR AR ERR. ns: P>0.05; *: P<0.05; **: P<0.01; ***: P<0.001.

Note: A: PTTH mRNA levels for CR, GF and E. hormaechei-associated Drosophila; B: Glucose levels for CR, GF and E.

hormaechei-associated Drosophila. Values represent the mean of 3 biological replicatestSEM. ns: P>0.05, *: P<0.05, **: P<0.01, ***:
P<0.001.
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