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Differential phagocytosis of Staphylococcus aureus and Escherichia coli by
Drosophila melanogaster S2 phagocytes

WANG Zhi, ZHU Fei
(College of Animal Science and Technology, Zhejiang A & I University, Lin’an 311300, Zhejiang, China)

Abstract: Phagocytosis is an important defense mechanism against microbial pathogens, but many pathogens
get the ability to subvert it. This research was aimed at discovering the potential mechanism of the gram posi-
tive and negative bacteria to survive from phagocytosis. In this study, Drosophila melanogaster S2 cells were
applied as the host, and active/heat-inactivated Escherichia coli and Staphylococcus aureus were applied as in-
vaders. Cultured S2 cells were incubated with Escherichia coli (EC), Staphylococcus aureus (SA), heat-inacti-
vated Escherichia coli (HIEC) or Staphylococcus aureus (HISA), separately. After incubation, S2 cells were
collected for transmission electron microscopy (TEM) analysis, confocal laser scanning microscopy analysis,
flow cytometry (FCM) analysis and real time quantitative PCR analysis. Results showed that S2 cells could
phagocytose HIEC efficiently at 1 d post-inoculation, but they could not clear HISA. HISA could survive within
S2 cells for at least 4 d, and peptidoglycan (PG) and lipopolysaccharide-activated S2 cells could not digest
HISA efficiently either. Comparing S2 cells, intracellular HISA did not destroy the S2 cells even at 4 d post-
inoculation. The pHrodo-labeled HIEC was observed in an acidified environment at 1 h post-inoculation, but

HISA was not. In addition, the percentage of phagocytized pHrodo-labeled bacteria showed no great differences

Wk H . 2016-04-18;5 & al H 1. 2016-07-23

AT R [ AR5 S VBN (31370050)

TEE WA T, WNFEHEDIYPORCIENIR . E-mail: jiujingli@qq.com, EE/EHE: RKE, BIVRG, A+,
MWK e S5 E RS o E-mail: zhufei@zju.edu.cn



382 TN 3 N = o= R 2017 46 H 20 H

whether the bacteria were engulfed alive or heat-killed. Defensin and drosomycin were up-regulated in the
HISA + PG treatment, but S2 cells could not digest HISA. Also, results confirmed that antiphagocytic proper-
ties were located on the surface of heat-inactivated S. aureus but not on that of heat-inactivated E. coli. Thus,
cellular immunity is important for Drosophila melanogaster S2 cells fighting gram-positive bacteria, and the role
of phagocytosis shed light on clearing of the bacterial pathogens. [Ch, 7 fig. 1 tab. 38 ref.]
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Wit VE FHAE S — Tl e B2 DR ST AR 1 S PR S e AL L BEAE D i/F 22 400 M P Ok 0 A 3 A i Dt Ak A B 9 1 3R
B A ML B AL AEAFREAE I, SRR B A MR I OE 4 S BRI ML R I, WA MR A, JRTE R
W) 50 JE [ A M o A Wi /MR 22 0 340 D R SR N A L I A, sl e ) o R
i T8 IS A1 A W A o 0 A Wk Ve RS R 0 0 3 D R DU K pHL (L L KA A T L B ) ol O K
R4 Drosophila melanogaster 5 e i UL R SR MR, PR AT 55 W L S W) AH T (9 S5 KA e e R 8, MH0A
R TR TS R A A B AR R AR AR 7 ARk, SR Schneider 40 #k (S2) 402 C B%
IS — bl 5 3 G I 0 A MR G (0 1 R, AEXT YU FAA Chlamydia, P3G A VR 2R 00 Re I Listeria
monocytogenes, ¥ AER 7. FEAR Ehrlichia chaffeensis, /&R Candida albicans, K ¥4 W Escherichia
coli VA Je 43 6 % BRI Staphylococcus aureus 55955 1 ) (R SN  # b, S2 411 5 1 3L 3 4 E w4
JL gV FIAILR R 5 AR . 4 BRI A BR A — Fh EZE A AR IR, SOk R B, BFOY R 4 B0 A Bk T
T RE S — AR M P SRR, TR I A 4 B 2 R T T LAAE W A0 A T A B 0 4 Y A A1
el A 2wk R S2 4 i X HR K G K 1 5 1 (heat inactivated Esherichia coli, HIEC) & #4K % 4 5 7 %
ER T (heat inactivated Staphylococcus aureus, HISA ) [t 45 Wi s 20 S8 JFUF ST, 1878 T 7E S2 40 i % i 55 = (G FH
PETE I, AR WA I T BRI 20 D (A g e 36 21 1% S S P LA B <6 e 0 4 B T 400 7 0 1 3 e D T 60 4 e
A I ) SR 1%

1 M5 &*

1.1 K

FRJE L S2 21 ik MBI AR 3R 24 h BIRIG th 2 B AR, AERE A B 10910 /N2 I3 ) SR i 1 5%
J (Ivitrogen, FE[E ) H 28 CHEFE"' . R THINIEZ B (LPS, Sigma, 32 )R IKH% (PG, Sigma, FE )M
WAL R A SR e VE A, 8% S2 40 L 10° 4~ - L~ &l T 7€ 6 FLAR T I A5 B 30 min, LPS 5% PG 4
ML T h 5, #% 1.0 mg- L7 R E ARG BEE 1 h, &H.

KW ¥ 75 B ATCC 14948 Fikk#E LURIA-BERTANI £ 3% 3£ (LB)37 “CH:3: 24 h J5, 10 000 g .0 10
min WA AR o 4 B R A BRI ATCC 25923 B #RAE & 20.0 g« L™ &AL 84 ) BF A8 bL I Ky 55 56 P 1 95 20 1
FEER VR A . PO Kl 35 A 1 (HIEC ) sl HA T 43 3 25 3R B (HISA ) DL 5x10” 4> - L™ (1% 4% i 4% Fil
T S2 4ififs, 28 CHFHE 1 ho AR B4 S2 204347 .

1.2 REAHZE

1.2.1 #Heedl &5 &4t T 24t (TEM) 247 WO IERGL G 0y 3L S2 411 (5.0~10.0 pL), 7&K B
2% 2 RH S 2% 81 0.1 mol - L™ — FA R 41 28 vp i (pH 7.4) [E5& 7 P2 16 h, =i T A WBjiE
. LLO.1 mol L™ " HRARMRAAZE MRSV, 3 KRR, S min- k7, fRFFER MR . B INA R
I3 8 2% (Osmium) , I L1 0.1 mol - L™ S AR EH Z2 bWV 8 3 K, 5 min- K7, PRAFEIMR T hEss . A
a5, 20.0 gL i R OSUAEUAI 22 vk (pH 5.2) iE AT e €5, kBt Yt 1 h, fREFHER:, RS L 0.1
mol + L™ B A R B 22 MBI U 3 UK, S min- IR AN RS o 30 A 7 G N 1 A TR U VR (R AR A B IR
9 50%, 60%, 70%, 80%, 90%, 95%, 100%)%tFESEEATHEK, i FiefE M, B57E 100% 34
P EEAL 10 min, DL EMBED 812 5 502 #f g #i 45 M b 1T A WM B @8, V(IRAENE )V (G
FD=1:1, ZWHEE AL 10 ming VAR )V (FGH)=1:2, ZEIEFALIE 20 min; 100%5; 4 74k 21
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10 min, fe%, FEaPIMAKTH 100% Zi4 7], #i% 16 h 5, 78 THEBH T 2L 60 CERA 24 ~ 48 h,
Hitachi 7650 3% it H1 45 (Hitachi, HA)7E 70 kV T R4 E 51,

122 #REREZMELHT WG S2 40 M AR 4350 10% 6 4 138 (FBS ) (4 i i 42 5% 77 & 12 fL R
AR SRR, K E N Sx10° AL i R 9 Ebrid (FITC, Invitrogen, 32 [F ) 1 #4 K 3G K358 4
(HIEC)/#A 3% 4 2 # A 3K i (HISA ), m A 2] S2 g rf 28 CHuE 7 1 ho DI#E R #h 22 v ik (PBS) 1 Uk
Jo, RHIR G 0 N RS AR 2 22 A R AL B ) 2B f (Sigma, SEE) BEE . ZJE, 20l 2 P R E
K (Invitrogen, 52 [5) Fil 4',6- — pk 5L -2-28 K| Wt (DAPI, Sigma, KE)—FPEE, AR C L0 E F &
ANfiAZ% DNAM,

123 AX @GN 24 IR SR 1.2.2 95, SiiE S2 MM AN S, UL PBS iH vk, ¥
TR A A i g B0 a8 b, 58 3k O =X A0 LSRG I S2 4 i 4 19 FITC 856055, 4iit S2 4 g %t HIEC Fi
HISA [#FRERE T o 1 B 5% 240 I %) A WiV R X 358 40 1 R R 0 00 T ) SRR, AN A 1 A4S R FITC
I 20 T A A0 A AT A b E S b S AR T AR

1.2.4 292 M 3% = 7] (pHrodo ) 47 2 4wl 78 B4R BR AL 76 SR W S2 20 (3% % )7 1 WL 1.2.2 ) ffin AL LPS
s PG, WFE S240Md 1 h, MIMHTE S2 400 ; B0 19 S2 4L L 1x10° 4~ -L™ 76 6 LA h &6 7T, 4 31
F2# pHrodo FRic By K6 % JE & (5x10° A~ =L, 28 CIHLMFE 1 ho USRS 400, 7 21730 R 48 il
TSR, ARG ARRIE AL, A pHrodo F31c s 5L (1 S2 40 i A 4R 4 it b iy i B A BT R TR
b PR [E] 1) 22 5 DA ¢ R B EAT et b, P<<0.05 Db B3

125 Safba® PCR &R SRl S2 i S AR SCi b B S, DL PBS 3, W40, fii ] Tri-
zol i 7] (Invitrogen, 3% [ ) $2 UG RNA, #F 25 BRAR I 7= Sl UE B 45 %, B 2048 5.0 g A B A%
M2, LA M-MLV 5 %% 5B (Takara, HA)S BN 20.0 pl cDNA S22 ' € 5t i 4G 0 R T 66 R e 52 51 )
5 TagMan £2EF (F 1), WK R 10.0 pL. Premix Ex Tag(Takara, H 7<), 1.0 wL cDNA K&, 7.2
pL K, 25 3EF XN TagMan #5241 0.3 pL, DLRASFEFPES 9 0.4 pL, H A0 N (PCR) AR 7 4n
T:95%C, 30s; 90 °C, 5s, 60°C, 30s, FEH 50 K., Fod/Hrfdi ] iQTMS #ff .

12,6 %t F 454 AR R4S E A 3 AN EYFEE . SR E SN K5, T
M2 55 2 ) 22 S, P<0.05 Sh 3%, P<0.01 ik i3

£ 1 SM3HkER PCR R34S TagMan 5571

Table 1 Primers and TagMan probe sequences in qRT-PCR

IR B PR IR B 19 SRS FERZ B TR AR B S SR E Y1

Rp49-F 5'-CCGCTTCAAGGGACAGTATCTG-3’ Def-F 5'-CCACATGCGACCTACTCTCCA-3'
Rp49-R 5'-CACGTTGTGCACCAGGAACTT-3’ Def-R 5'-AGCCGCCTTTGAACCCCT-3’

Rp49-H 4t FAM-GGCAGCATGTGGCGGGTGCGCTT-Eclipse | |Def-#£%} FAM-ACCACACCGCCTGCGCCG-Eclipse
Rel-F 5'-GCCAGAAAAACCCGTGAGTC-3' Drs-F 5'-CTGGTGGTCCTGGGAGCC-3’

Rel-R 5'-AGGTACTTCCCCGATGTTCG-3’ Drs-R 5'-AGCGTCCCTCCTCCTTGC-3'

Rel-#R %t FAM-CGACGTGGCCGCCGCAGA-Eclipse Drs-# %} FAM-CCGATGCCGACTGCCTGTCC-Eclipse

2 HERGAMN

21 EHBENZRERRE S2 Haxt HIEC = HISA K& & (EH

B LT T UL SRR S2 20 X K3 K A R (HIEC) WK 36 < 8 ] 280 BR B (HISA) A7 e i 72
KBERE 1 hJE S2 4RI el TR £ HIEC (1A 1A), ME 555 1K S2 4ifd iy HIEC B % (K 1B); H
JEE T 1 h 5 S2 4R e A i HISA (181 1C), HISA (I 2A) 5 S2 4t 4 d, PifR$5IE 584 (&
ID, 2B, K 2C, 2D, E2E), 78 PG s LPS il )5, S2 41t A REA ot Ay ik HISA (18] 2F, &
2G, E2H). SfdHER S2 AL, TEdERR5E 4 K, S2 4iifuAr A HISA MORIE 2558 B (181 2B, 4]
2F, K2G, & 2H); Av A HISA 19 S2 40 g 847 i BL R T alm 3, R W40 i o 19 HISA JF 804 X S2
240 i 3 ST S A A
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A S2 giffu g HIEC(E A )5 1 h) s B S2 M iu#r m HIEC(F & 5 1 d); C. S2 4 Jifd 7 i HISA
(BFE S 1h); D.S2 4 #r Wk HISACUB &5 1 d) o 7 Sk 4875 il Y i HISA

A1l #5402 R S2 miext HIEC & HISA ¢ 5w 4F A
Figure 1 Transmission electron microscopy of phagocytosis of HIEC or HISA by S2 cells

S | O g, 02

A. HISA; B. S2 4ifi 7 HISA(BE G 1 d); C. S2 417 ms HISA(E G 2 d); D. 2 415
W HISA(RF 75 3 d)5 B S2 QUL 75 HISA(MF 7 /5 4 d)5 F. LPS i S2 2 75 1 HISA (37
Ja 4 d); G. PG ¥iG S2 4 g #r i HISA; H. PG 3#i% S2 i (0 & J5 4 d), JLpy HISA 8k .
i3k 358 ML P9 1) HISA

B2 S4B BH R S2 i xt HISA 4 5o 1F

Figure 2 Transmission electron microscopy of phagocytosis of HISA by S2 cells

22 BAHBREEHMNEEEREM® S2 HAiaxt HIEC = HISA g & 1% £ B

WO R A WO L B, 78 S2 4 Ml A7 W HOK IS K #F 1A HIEC 1 h J5, gy r] W%¢ 3] HIEC %
e EPOE (K 3A) s kA 1dfE, S2 4N WEA B 4 50k + (K 3B); £ W] HIEC & &4
S2 YL BR . RIAEALBETR , #RCK TG 4 75 4 45 BR B HISA %A #% S2 i bk . & 3C Fn & 3D a] 41,
HISA B A7 W Je, 8% S2 A0 N AL 20 40 I N Ak e A7 7E . iRl 61, 78 S2 40 i # Fh K% 1 J5 , HIEC &5
HISA ¥4k S2 407 A, (B HIEC #% S2 4 i 4, 1 HISA N8 #E 4

2.3 maNApL KT S2 ZHRaxt HIEC = HISA & & (E B

A A PRI 25 R 8 4 AP R L h R, AT 24 1A HIEC kL1 S2 ZH i AE T A S2

A. S2 A HIEC(WE % )5 1 h) s B. S2 4414 HIEC(RE 7 )5 1 d) s C. S2 415 14 HISA (%

a1 h); D.S2 e HISACKF )5 1 d). Zr @568 M A K% 1/ (HIEC 2 HISA),

POCRRMMERL, LEIOEERRIEE D . x100,

B3 MObRRAZMANE ZBORE S2 e xt FITC 4792 49 HIEC &, HISA & & v 4k
Figure 3 Confocal microscopy of phagocytosis of FITC-labeled HIEC or HISA by S2 cells
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20 B R T o A LB 40%, 5 S2 4 I K iR 01

A B A RAIT s AR 1A HISA KL 71y S2 4

WAE R A S2 4 rb i o5 B LU B4 25%, 5 S2 4

I e < B A BR R I S SRR . DTS2 AR AR A

{1 2 R EACKCT 240 T Y B R e B S

24 FTHEABERUIBZMEEROUER
24016 P Y R A 30 58 T 5 5 pHrodo B3 A9 J BT

R 2%

WO LT BB, T B A W R R 1 X ZH% HIEC XR SR HISA

SR AR WA W LI, $EFh HIEC 1 h J5, S2 44 973 S B

ff P AT S BN LT A5, KW S2 i xt HIEC /9 B 4 57 1 h g RMOR# S2 @ e xf FITC 4742
FEFE P B0 . IR R T BR TR A B (18] 5A) 5 A 19 97 R 8 B R

5B R RELEL B 41 (8,55 ¥, F2 B HISA A REMIE S2 Figure 4  Quantification of phagocytosis of FITC-labeled microbes
2 M (4 R AL BR8] LPS 5% PG 0 S2 4, T by S2 cells at 1 h post-inoculation

PEATHEROLES, AR BUAEHEAT HISA T h J5, REEWEBILL GO, Uil S2 40 a0 AL B D AR B0 -

Dtz LPS 8 PG A IO S2 240 I A Wik 3% PR i, 3G SR AR BB WSS S2 41 g A5 W pHrodo 4R
WWHIFGE AT R . ZORER W] IR 1 ha, HAHER HIEC 19 S2 40N EBURRVESR ST, HoAty i 4 2!
PIARETS T S2 AMIRR AL (181 6) o AP AW /1 20 LR B, AT HIEC Kb B AL A5 W3R 235 i T X B4 (P<
0.01), fii il LPS 8% PG i S2 4N )5 FH4ic M, S2 4l fu xS HISA By W A7 B A 2 35 0 o 3 3 W il
IR A i HUR A7 S2 4l 7 Wi HIEC Ry # b, i LPS 8¢ PG HOIF A BE5 5 S2 41 77 ik HISA J5
MR AL A (1516)

A.S24i Jfd % WpHrodo#s i [IWHIEC: B.S24H Ji 7% WipHrodo#r ic ITHISA;  C.LPSHGS24H i 7%
IEpHrodobs ic FIHISA; D.PG¥IES241 My 75 WipHrodobs i (JHISA. [1: X100; F: X400.

BS SMAEEREZZHRIUEZKE 1 h s LM RS2 Mgt pHrodo 473249 HIEC & HISA &9 545 A
Figure 5 Confocal microscopy of phagocytosis of pHrodo-labeled HIEC or HISA by S2 cells at 1 h post-inoculation

25 JM#EXEE PCRGMEERE

SHE I B PCR 2V 319015 TagMan #EFFE 90014 1 BER . BRSS9 900658 it PCR KL A
A PREAE TR S2 40 i P 1 B 48 2% (defensin) , #71 ELFA Ik (drosomycin ) Fil Relish ) ik B A8k . 45 R & 8 .
B 3% 4 Fe ik B HISA, HISA+LPS I HISA+PG 45 3 SAC PR of, Ak 3% B (P<0.01); HiEE
Wit F35 AL AE HISA+PG AbFAL i 4 2k 3 19 (P<0.01) (141 7) 5 Relish 92k it/ HIEC 4bFAirh
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8 R (P<<0.01), {HAE HISA b HE hog 5 224k
3 it ik .

375 W A1 L 0 400 X 2 0 9 D O g — 6 | %
G S AL, E A A R BT LR
TRE 0 AHIFIE X A S S2 A it A I #R K
T KW 35 4 w1 (HIEC) F1 4 % 55 45 3R I (HISA) 1y
SRPEAT TR Z5REWT . S2 4N M RE 05 1 3%
G 1 d BRI B HIEC, {HA)JCETE bR
HISA; BPffis] 78R/ 4 d, S2 4 fs A fE 0 — == === =
MR HISA, T2 FE i AP e T A . 22 AL HIEC IS HISATLES HISATHG
PG 5 LPS ¥5 3 ¥1E /9 S2 Al M AE AR REA A B 6 £ # % 1 h B S2 2 #e x+ pHrodo 4742 #9 HIEC
PR HISA, SHEREAY S2 4L, fA7e T 4nhE % HISA #4 vt %

N HISA 7E45Fr 4 d J5 334 B A IR S2 41 Figure 6  Phagocytic percentages of the pHrodo-labeled HIEC or HISA
o 1 220 ST UE WA A S SRR, 4 o R A BR PR AR 0 b 1 R AN S R G, LA RO 1V
2 AL P AT G — BB ) 2B FEARHE Y R, KIS & WA ER AR T S2 4k 4 d L,
A 3 S 1 4 R A BR B AE AR DU W I Iy, X S A A A BRI AR E 2 PR W T 0, 4
TI A0 M A MR R I, BKE I AN 23 52 ) A WA FE X T A B A RO, X — A B DT — T 5 BT IE S

[11]

W 2R/ %
~
[
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4.0 20r 3.2 - -I—

ol I sl L
Hu ol HZ
K0t Kot X6k
1w ® ®

1.0 |—X—| 0.5 0.8 F ﬂ

ottt [l 0 0
% HISA HISA+LPS HISA+PG % I HISA HISA+LPS HISAPG % HIEC HISA
KIS U K Relish

B 7 ZREs S2 mnsk HISA A b %, A 8 A& Relish 4 £ 3% 3%

Figure 7 Expression profiles of drosomycin, defensin and relish in phagocytosis of HISA

TEE AL ERE T, BRI BHARR) pH BT, MRS, v B E R i1, JFreug it
pHrodo el (5 FH AR AT RZ I 7, LPS 2 5 % PGP M B 19 £ 22 A0 S A 43, 7T LASE 42 Imd (immune defi-
ciency ) B 15 530 BTG FOVEAN A ; PG 2 4 % P PHPE e 4 B B A 24, AT LAsE i Toll {5 53 %
WOk B VEAR I . (T LPS 55 PG B Rh HISA 4 S2 20, 20 i 0 R B iR AL 3R . i B 5 e 48 5 1
LT B R ER, BAAG T BI(E S2 it i LPS 5% PG W3S AN BEAG A b 75 1 HISA [45 58 #
) S2 2 g X pHrodo A3 14978 JL B 19 4 W5 71 43 Lt 6 B, 8 W s AR 1 1R Ak R % 2B 7E S2 41 g X HIEC
F gL FE AL PRI R RES R S2 41 iR 1L o

FRE L S2 At M i) A AR T AR T Toll 5 Imd %5 2 45 {5 S g%, b Toll @ g% 2 5 2414 2 K
PR B 0 e VE b, 32 e B WL T4 & Defensin R 320 3¢5k, T 19 B8 2 (defensin ) & —
F/NEH R & AL, AT BURAE Y IK, A R AE X FLE B B AR N Drosomycin JER
ik Drosomycin J&—28 0 i S AL EL A Ik, [FIREh Toll 3@ J& 8735, FH1E 4 B MR WA h A7 #3552 W
5 PG 1 2 0 3235 5 7 HISA, HISA+LPS UL}z HISA+PG ab3irf, ¥k B2 B, $rE R Ikm #Ek
H7E HISA+PG b3 rp 58 %5 b ph st Al DASERST, Toll Ji #% 76 HISA+PG 1 M R % 0% o (AR F 3
PG R BEVATE S2 4 i) Toll 3 B% , (HH1JCIAA Z0E bk HISA, [FIFE, Py HISA A& 175S S2 i i
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PAT . FHBCTHT, 4 B A BR IR VR D — Bl AN LA, ke R SR R 100t 2 R O e i, 5 o 2
[CPHPEBE AR L, & 2B T 5T 9 i ) B 180 28 (IR AR 00 AE B IR SR e, Tond 58 5 90115 45 X6 4 2% [ )
PET 1Y e 2%, Relish /E 4 NF-wB 38 #% 9% 5 7, J& Imd 38 B% 19 20 B AR AR E5 R L
Relish 7£ HIEC 4&b# i & 2% |8 (P<0.01), 58] Imd i #% 75 HIEC &b ¥ ip g 38 iE . 13806 (19 Imd 3 2% fx
Zif 3 S2 it HIEC, #3iBH Relish 3Rk 5 S2 4 ifd W HIEC (97 73 % 2 1EAH G .

BAFT I - 4R R A BR B BB 08 TV b 6 5 VS WA/ WEAR IR AR, ZE AN B N AR TS T GR 4 d
ZJa AN e TS AR, AT R KT A R A Bk R R RE RE S AR S2 AU N AETE 4 d, Hogm
Jif 2 TET 0 0 R A W T A T M o 2 R IR B B s A TG HE 20 0 e W 200 X I R 4 A 2 EC B M R
22 PR PHVE B S8 BT S Bl (EL 40 B G0 y3 X 3 S i PR 200 AT 11403 R 8 Ik T AR B g

4 5% ik
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