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(polyethylene, PE)f= X 2k (3T BB A — 2R 5 AR K A R R, By R Ao RH3E, RAK
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Xk, [£R] WAt R RERE PS A2 PE &, AEAh K938 Kba B AR 2 EAKT A4k B,
AR PS 89y Rfe K & RO G 7% F LI PE 89405 5 25.33%A 11.75%; 4 #F & R iE 4
WA A A AR A B A T(Firmicutes, F & 16.98%-54.93%). E# H# 1 (Proteobacteria) ¥ #9 B-
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Effects of feeding plastics on the growth and gut microbiota of
the larvae of four insect species

HU Jiachen', LIU Guangling', HUANG Shitao', LI Zijun', ZHANG Hongbo', FENG Junna',
XIONG Deyu?, ZHANG Yuyu', MO Liling', KONG Yunhong', XIA Yun""

1 School of Agriculture and Life Sciences, Kunming University, Kunming 650214, Yunnan, China
2 Yiliang County No.1 Middle School, Zhaotong 657600, Yunnan, China

Abstract: Plastic pollution is an environmental problem that has aroused global concern, and
plastics degradation by insect gut microbiota is a new initiative to solve this problem. Despite
the important role of insect gut microbiota in the degradation of plastics, little is known about
the composition and dynamics of insect gut microbiota. [Objective] To study the effects of
feeding plastics on the physiological indices and the composition and dynamics of gut
microbiota in the larvae of four insect species. [Methods] Polystyrene (PS), polyethylene (PE),
and wheat bran (control) were used as the sole carbon source respectively to feed the larvae of
Zophobas atratus Fab., Tenebrio molitor L., Tenebrio obscurus F., and Galleria mellonella L.
The dynamics of gut microbiota in the larvae of the four insect species were investigated by
fluorescence in situ hybridization, and the correlations between the physiological indices and
gut microbiota were analyzed. [Results] All four insect species fed with PS and PE had
significantly lower body weight gain and body length increase than those in the control. The
survival rates of Z. atratus and T. molitor larvae fed with PS were 25.33% and 11.75%,
respectively, higher than those fed with PE. The dominant microbial taxa of the gut microbiota
in the four insect species were Firmicutes (relative abundance of 16.98%—-54.93%),
Betaproteobacteria (5.91%-39.34%), Gammaproteobacteria (4.62%-30.86%) of Proteobacteria,
and Euryarchaeota (9.99%-58.05%). [Conclusion] In addition to Firmicutes and
Proteobacteria, archaea were also dominant in the gut microbiota in the larvae of the four
species fed with PE and PS. The relative abundance of the main microbial taxa in the insect gut
varied dynamically over time and was influenced by the types of plastics as well as the insect
species. The body weights and body lengths of Z. atratus and T. molitor were correlated with
their gut microbiota.

Keywords: Zophobas atratus Fab.; Tenebrio molitor L.; Tenebrio obscurus F.; Galleria mellonella
L.; fluorescence in Situ hybridization; polystyrene; polyethylene; gut microbiota
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= 120 42 ¢ SRR FEP) ., SR A
FUERR T RS TR B T B R, H R A
s B OB A R OR B I8 OB IR
(polystyrene, PS)FI15R £ 4 ¥ #}(polyethylene, PE)
S A RTAbEE PS F1 PE JE ) 75 A ) I
PRV | BRBERE TR [T Wi |« PR SR AT A Ay SR H ]
Ik S R S A e R 2 o PRI PR
T, ik o AR R, MERAE MO, 9
BHEFEY AR BRAAAEA AL . REFER LA
Kb — s gt Ak, A4
B A S RHE 72 © 2 T IR B R IP B 52 i 4R
U R P B S R A B R R R R ) R A
W B 5 o ik 22— B AT B SR
MR Ao AR % H o pd Bp O 4% B (Plodia
interpunctella Htibner) . ;345 (Ephestia cautella) 1
Kbk (Galleria mellonella L.), #5i# H rh 2l
¥$ (Tribolium confusum) . %% % (Rhyzopertha
dominica) . 4H%i ! (Lasioderma serricorne) . K%
(Stophilus  oryzae) . %5 & ¥ (Oryzaephilus
surinamensis),  FR#4S ¥ (Tribolium castaneum) ., P4
2y . 4 (Callosobruchus maculates) . 4 #f H
(Stegobium obscurus L.), DA &% & H LI K
A\(Sphaeroma) %, Hor A B H P K
11 (Zophobas atratus Fab.) . # f Ht (Tenebrio
molitor L.)AI ¥} Hi(Tenebrio obscurus F.), DL}
i 7 H i K i i (Galleria mellonella L.)!OfF 5%
2 RIAZHU, K HUR R M HUA Ui 28 2 S R
g HICE, BB N & I SR L AR v
(1) 2 LR LA™

B TV 1 A 0 I A S} ) A ) 2 L
W5 T E NN EER T Z kA, Peng 410
KR B4 g T8 AR W i g Bk e R
(Enterococcaceae) . 12 i {4 F} (Spiroplasmataceae)
F AT B FHEnterobacteriaceae) ) 7 B A8 4, 5 H:
HUE PS MYHA 5. Brandon 6P IE Ok 4

WA FLAR IR 5 i E U E Y D RIVE R, Y T
X PS YRR fRCR o Yang 22PN EK U
BrhaE M PS WD ER
(Exiguobacterium sp.), Bt 21 [a] i) A1 R IR B R
X5J R 8 2 DA R A A, R R MR DR R 2R A Ry
M2 T AR PS AYRE T . Yang 2504 BUEN B
WS4 i i BE RTR h IT28 3% PE, Jf4rEsih
Fi] FG % #F B (Enterobacter  asburiae) il 2F 7 1
(Bacillus sp.)rI [#fi# PE 20 B4 , [R] Bk 0 8 o
TR AR HOBE I A S i TR, R BT
C/Hyo. C3HgO, Al CooHugO4 55 12 Pk HE T
Yo A 2 P R U i £ B P 0 L
HFf# PE BB 710 B PR IS FE 28 74T 1 (Bacillus
cereus)fll Enterobacter bugandensis, {A4hs 7555
IR, MG RO C-H h457=E shig
HEERERBO™ A, BEII TR A R 06
o C-H B, MM SR LR B e A
PR T AL, ZEBEEEOIRGE R PE ORI PS M
K25 d JEREZHUNERIE R 1L, BB B3
{0,154 (gel permeation chromatography, GPC)Jll
R HAAE IR kL R AR e, R
PS Ay RS 5T o5 e n, 1 PE B H 43
FHE S g .

M FaAF g R nlHER, B iRl
T L T A P R SR TR, AT ARAS:
AR BIRRIR AN RE IR . SR T HCE AN [ SR AR X
L A SR AR N 3 T A W i e ) 2 AN S S 1Y
MR, [ OIRem A S R AR AT
Z AN OCHRAL  FF T . PRI, ASBFFELAR I L.
R Ry BRI IR 2 HUA BN S, WESY
EATTENE PS Fl PE W FE P IFAE 38 JET
IR LA SAR B AR ARG L, IR FH AR
Bt 38 1o ¢ D' A3 4% 28 H R (fluorescence in Situ
hybridization, FISH)iF5E A R[] B B U7 1B Tk
VIR R S B
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1.1 PS. PE AR EFHHIKIE

PS BDENARARCR I B S5 A B
B2 R PR A [ A , R D0 8508 P 9L — A6
AR TR A A FR S AR AE), A% R 9.5 cmx
5cmx5cm, JEEZN 3.68 g; PE &M H AR
W W24 B A A BR A R (MR A R
P, G IS B Pl ] 5% 900 2 1 o i B A
U RAE), MRS N 4 cmx6 cmx0.05 mm, JEE
2747 0.16 g; FEERWE ARG B E R 7 AR
TR Rl (F LRI, A >11%, HEF
He<11%, HIK/<6%).
1.2 BEHXRIERHEFESR

KAz AL, HOM e R HURI R B MR &)y s 3400
BRI R R A R A F], R BBk 2
55 A ARl 2 B AR AR 52 50 2 = TR (2242) °C
WORIRFE . RIWH 4 Fha BUS1E 34 1%, &
729 cmx20 cmx 15 cm RIRE I IR, Fr A
TSR A R A, Rk F R B SEOR I A
HUE 1 10 2h BV ARG X 4, AR5 35 AP i
7% 200 H o BRIy 3 AR, X R
50 g HlZZ#k, PE AbPEA 7 ¢ B L)% RS
PS Ab3HAH 7 g B L IGHIRNR , B3 7 d ME—IR
JIT R A A 2 28 i SR AT A T 3 YR K BRI HEL,
FR 15 min, LIS R 28 d, 7E 7. 14, 21,
28 d AR R L U268, 1T FISH A i [l 2
SEG ., HORY U, B ORI A H s
i R F RS e R R,
PEASIF G 5 22 BRAE Ryt B R A M2 DL e it oy
1 T A B B, S ket AT A A R ) £
IR, RyGi— 4 Fh R B BRGLE SRR TR,
AR S , REE AR R IR
1.3 BEH4HpEIRERNE

ARHFFEAE 7. 14, 21, 28 d Giif 4 R A %)
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HABET R . RIS M AR, R R4l
(RBE 7 FAG k85 75 6, B 1k &y sz 4 (R D
B 7 d EARIREEA RIS, DA 4 Fh R R B B
FETPRENLPELE 30 Hah, WERKmAE, B
RARES | FET BRI R A (1-3)1 1
BRI s A 4 sl B
RITFIAI 2 5

‘ R
(%)= x100 2
O A T @

Tl %
BT IR 4 s 5

1.4 B4R EFEFRALEF FISH &R
R & E

TR A PR R I, 228 Amann 55
Jr kA T FISH Bk P B dR R 2 g,
% 23 2 mL B0, —SOMA L mL
50% P (CoHsOH) FH T [ A 2 [RFH PR TR, 5
—3HIA 1 mL 19 4%Z 5% H % (paraformaldehyde,
PFA, Biosharp) FH T[] 2 55 = [C PR AT . 4 °CoK
R 3h )5, 4°C. 8000 r/min &.0> 8 min, 2
B FI WS4 1 mL 1xPBS R 2% whif , 1R
AR B0 FIE W 50% 2B 5E HRE S I A
ERE SRR 50%LBE, AR-A7 T 20 °CUKA &
F; PFA BEMFESINEHKZE 2 mL, RA)E
4 °C, 8 000 r/min &5.0> 8 min, £ FIFWRE,
GEMRES 3 K, A S SEFIATE 50% B
TRAFT-20 °CUKFE#
1.5 B HR4HEEEMSEDAERKF
FEME
1.5.1 FISH R HOTHIE

FEAGAT BRI ST W B A T A TR () B
WHERAT, BAFREE ROk CY3 5k
¢ 6 FE 5 i F IR BiE (fluorescein isothiocyanate,
FITCFEMZER P FIIF) 5'-AKdibric . B A giE A
W) 3= 40 A TR 4L Y, 7 ProbeBase K(i
JE B3 g ot 1T B 3 FH T B P T R TR A 1Y
AT AT TYIE I BE | S8 T A B 1K

1E15 %(%)= x10021 (1)

LI (%)= x 10012 3)
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FERET LA K s 1 b DL RETE R, o T
W T O H 3 i vhew A 11K 3% LA
Kl Wy 18 v B BE R AR o 0028 i 2
EUB3381,EUB338I1, EUB338III (Bacteria 41 [#) .
HGC69A (Actinobacteria [] ) . LGC354abc
(Firmicutes [ ]) . GNSB-941+CFX784 (Chloroflexi
7). ALF968 (Alphaproteobacteria 24) . GAM42a
(Gammaproteobacteria 4 ) Bet42a
(Betaproteobacteria 4¥) . SRB385+SRB385DB
(Desulfovibrionales H). CF319a (Flavobacteriia
H ). Erec482 (Clogtridiales H ) . BAC303
(Bacteroidales #}). Lab (Lactobacillus J&). Ent
(Enterobacteriaceae #}). Bif228 (Bifidobacterium
J&). Chis150 (Clostridium J&). Clit135 (Romboutsia
J&). FPR-1 (Faecalibacterium prausnitzii F) .

Bfra602 (Bacteroides fragilis #') . ARCHO9I15

(Euryarchaeota 15 7#) . MSMX860 (Methanosarcinales
H). MB1174 (Methanobacteriales H). MG1200b
(Methanomicrobiales H) .MS1414 (Methanosarcinales
By, MC1109 (Methanococcaceae #}). MB311
(Methanobacteriales #}) ., MX825 (Methanosaeta
spp.J&) . Mbr830 (Methanobrevibacter J&). Msp541
(Methanosphaera Jg&) .Rotcl1 (Methanosaeta concilii
FNFT Mmil123 (Methanomicrobium mobile #f), 3t
30 P RET, w84 FISH £ORXF A2 %k . PE Ml PS =
FRERDEHIR SR G 4 R R 4 RS (101 DZEERE 5
AT TIMEQG KEL), mALEFHEFF
B >1% [4,6- = Bk -2 2R L omg mE
(4',6-diamidino-2-phenylindole, DAPI) % {7 [9 &L
A FISH REHE A 58 i 4R (5=
1), JFERTA FISH S5 #5°% ] NONEUBPY
PREFVE X B8R HERR FISH Hm] REAFEAE AR BHE: o

®1 AMRERVEZEEIIRE

Table 1 The oligonucleotide probes used in this study

Probe name Target microorganism Sequences (5'—3") Formamide (FA, %)
ARCHO915 Euryarchaeota GTGCTCCCCCGCCAATTCCT 5
Rotcll Methanosaeta concilii CTCCCGGCCTCGAGCCAGAC 40
EUB338I Bacteria GCTGCCTCCCGTAGGAGT 0
EUB338II Bacteria GCTGCCACCCGTAGGTGT 0
EUB338III Bacteria GCAGCCACCCGTAGGTGT 0
NONEUB Control probe complementary to EUB338 ~ ACTCCTACGGGAGGCAGC 0
LGC354a Firmicutes TGGAAGATTCCCTACTGC 35
LGC354b Firmicutes CGGAAGATTCCCTACTGC 35
LGC354c Firmicutes CCGAAGATTCCCTACTGC 35
Lbd Lactobacillus AAGGATAGCATGTCTGCA 10
Lab2185 Lactobacillus TGGTGATCCATCGTCAATCAGGTG 10
Lab9057 Lactobacillus TGAACCGCCTGCACTCGCTTTAC 10
GAM42a Gammaproteobacteria GCCTTCCCACATCGTTT 35
Bet42a Betaproteobacteria GCCTTCCCACTTCGTTT 35
Ent Enterobacteriaceae CCCCCWCTTTGGTCTTGC 30

EUB338IIIIE EUB3381., EUB338IIAll EUB338IIK4H 51541 ; Lab J& Lbd. Lab2185 F1 Lab9057 MYZH-&4K%F; LGC354abe

J& LGC354a, LGC354b Fl LGC354c HILH &4

EUB338IIIIII is a combination of probes EUB3381, EUB338II and EUB338III; Lab is a combination probe for Lbd, Lab2185 and
Lab9057; LGC354abc is a combination of probes LGC354a, LGC354b and LGC354¢, Combination probes are mixed and added

at the same time.

http://journals.im.ac.cn/actamicrocn
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1.5.2 FISH ##{ESE

H S5k S BB PFA [8] 7 1Y L JUZRAE A i (2
20 uL)E T 3% RIRIZMEB R ., H— R
(45 XTI E S TR, TS HLEl 10-15 I, K6l
AP S TRATE TR /Y 1/3 &b o S 7RG INnZE
WA BRAREE 2 5 AN MO BE R BE ) , R A i Y 2
A H SR AT R 80 °CORF IR AL HE 5 min,
BT 55 CKIE AL 5 min, JFE
i 3, ZJGRFH CARD-FISH Ah B LAt — 4 4
IERET I 22D, BT R IR IETE 50% .
80%1 100% L WA W F 45K 3 min, FEJCH
HBEEHEE T A5 A0S FISH #REH KU 21 %
Yo b, 1E 46 °CIHIRBE IR NI 3 hy 241k
JE B BT 48 CCRYBEBE I e 15 min;
B Jm R 2K rhiR Ve e BT o BT T e
JE4 100 pL 0.005 mg/mL ) DAPI 2 42 71k X
10 min, fR/G1EMAKHPIRBE 3 # )5 HT 55
Bk .
153 ERREIRSEEMEYFEETE

FISH # i R 26 8. f8% BX60 (Olympus
Corporation A R)MES, W IMGRLA T FE i
YOI, 435I T Cy3 F1 FITC FRic iy
WREFZAbRE S, LA K DAPL e 6 (AR b o 76 100
M R SR I REEEUR, 3T Image] B4
THECNREXT AT B 19 EUG AT THEC, RS Sy
FEBR AR )R B DA TR) — LB N 9 DAPL £i5%
AR A W i SR R R B R TR ) R X
J&, B 2H FISH FRET 2 A0 i Sl Ak W i A 0 20 e
FREEH AL 15 DA FLE R /Y R ST 5
1.6 BEZITSHH

B He A PR bR A FO a8 T A9 5 B R
il SPSS 25.0 #4700, RIVEE R I7 250
(one-way analysis of variance, ANOVA)FlHz/) .
&V 22 5 (least-significant difference, LSD)M M
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FCR (P<0.05)ff o Ak B B] 22 5 1 S e, SRTTBZ
IR b (Pearson) Al 3 FL K (P<0.05) 4= B Fg b
SR A G H B M . 4 Microsoft
Excel 365 MEATHINREA, FraERIMEA R

software package v.4.2.3 52 i,

2 BER540

2.1 EHX PS 1 PE HEE AN

DU R e gl s DO (B DT IR
PS, DI EMIEAX NN E PE, 7EH 7R #
hORBL, BT AR Y A Rk, Ho
PS 4b3ZH Fl PE b BHZH BLIR KT 22 2k 4H O R
R ORI R IR e AE O PS il PE 22 i AU
YR, B 21 d 5 BB @R B2
W AHELZTR, KFE ORI R B e 4 A B
HARE A AN R .
22 BHYEIBIEGFHTH
221 HFEE. RTEMLEER

TFE 28 d Ji, SRMEEERRXT AL, 16
MR 4 Fb B A A BUAE TS SR AL IR A A
(3R 2), MIMRAZERI R FE MG R, HAR
SR FALIMEN G . (AL PS A4 s SR A H AT
TG LA IR & . KA IE IR PE A7 15 iR
o BRAREE fiAh, Higy 3 F L Xt R AL fb i o
Y& F PE FI PS 41(35 2).
222 REMGFK

16 28 d ISR il B rh B SRR A 2K 1Y 4 Fil
B U AR B IR S AN AR BE I (] 2)0 BR
AR, REIE KSR SRR L PS4,
fHM 7 dA90.07£0.01) g FIHIK F 28 d Y
(0.10£0.01) g, HEK KK 42.86% ., HIKZ TR
PE 4(33.33%). ## 4 PS 4H(33.33%). Ay
PE 4(33.33%). KESHE PS 2H(12.50%) . K& H
PS £H(8.75%) . KIEHE PE £H(8.00%) I K3 i PE
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Zophob

as atratus Fab.

Control

e

Tenebrio molitor L.

Control

Control

Tenebrio obscurus F.  Galleria mellonella L.

Control

1 MFHERLSHSFEEBRZEPE). BEZEPS)FIZE (control) B El1&
Figure 1 Images of larvae of four insects feeding on polyethylene (PE), polystyrene (PS) and wheat bran (control).

®2 LWLERATQ8d)4 HEHYAFER, HTRMLEER

Table 2 Recovery rate, mortality rate, and pupation rate of four insect larvae at the end of the experiment

(28 days)
Insect Treatment Mortality rate (%) Recovery rate (%) Pupation rate (%)
Zophobas atratus Fab. Control 14.00+2.13 86.00+5.89 0.00
PE 43.3342.16 56.67+4.52 0.00
PS 18.00+1.78 82.00+6.69 0.00
Tenebrio molitor L. Control 10.00+1.98 52.7543.78 37.25+4.34
PE 11.75+2.66 73.75+5.62 14.50+2.07
PS 2.75+0.31 85.50+5.47 11.75+2.67
Tenebrio obscurus F. Control 8.50+1.63 48.50+4.73 43.00+5.95
PE 49.00+£3.87 44.50+4.13 6.50+1.08
PS 34.50+2.78 50.50+3.05 15.00+1.36
Galleria mellonella L. Control 46.67+5.48 37.33+4.86 16.00£1.55
PE 54.00+4.76 41.33+4.81 4.67+0.67
PS 59.33+4.75 30.00+2.56 10.67+1.47

http://journals.im.ac.cn/actamicrocn
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3.0 10.08 ¥is 4 0.10
§ 25 1% & Eso0f =
= {004 = = 1005 2
ERY o g 25 5
37 10022 5, 2
1.5 10.00 =~ 4 0.00
o 1 -0.02 LST
' 1-0.04 1.0 ¢ 4 -0.05
0.5 1-0.06 0.5
0.0 ~0.08 0.0 ~0.10
7 14 21 28 7 14 21 28
#d #d
2 MFHE SR EEREKHERE (7. 14, 21 7128 )BT FOREDY R Bk KAk ad,

PrekEOy R AR L% AL B, C Hl D 73 20m RBFIE | RF2 e By HORIEoky i

Figure 2 Changes in body weights and lengths of four insect larvae over time (7 d, 14 d, 21 d, and 28 d). Bar
graphs show changes in insect body lengths and line graphs show changes in insect body weights; A, B, C and
D denote Galleria mellonella L., Zophobas atratus Fab., Tenebrio obscurus F., and Tenebrio molitor L.,

respectively.

4(6.41%). BREZFRAISL, REKIGK AR &1
My PE 4H, B H il 7d #9(2.17£0.08) cm K
%28 d 19(2.41+0.08) cm, K E N 11.06%, H
WA R L PE 41(10.13%) . KM PE 4
(8.30%). MKy PS 41(7.69%). KFEH PS 4
(7.37%). TR PS 41(7.20%). K& H PE 4]
(4.34%) . KIEIE PS

H(3.16%). LINEEHAT,
KA HRFER R PE 41 PS ARIIREY WE

P4 actamicro@im.ac.cn, & 010-64807516

(P<0.05){IRTXT #8241, B ¥k PE 1 PS 5K
F AT IR #(P>0.05)% 5%, B PE 4k
I (P<0.05)f T PS FIXtHRLH , 1 K iE PE
HIRTE Y PS 4T #(P>0.05) 25
23 HRZRXNEHRMEMEESHEMK
EREA

FISH 5% W, fHM PS, PE MEFME
Az E A S RO LR R A S R
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b R U BB 86.46%-95.21%, B M}
B R 79.49%-82.15% , Bk i i 1
75.45%-90.85%, KHEHEN7IE Y 89.99%91.99%,
W B AR F 2RI T (B 3A)
CEYFE 9.99%-58.05%) A I JEBEEH 1] (1K] 3D)

PR (E 3B) (FHF B 5.91%-39.34%) 1 y-
TIEH N (E 3C) CEFYFE 4.62%-30.86%)
A A A . Hrh B2 B B BB (B 3F) i) A
T 2.27%-22.45%, WAkt e FELFF B (B 3E)
g3 i o R RE R T 40 A Y 1.32%-20.21% Al

CE¥FE 16.98%-54.93%), ZIEHITH B-2&  3.39%26.81%,

10 ume

3 BEHRYHBERBECAERESEE®R A, B. C. D. E Ml F E&FHAARNREZ BRI #1198
JEAE A4 AT & G, A e i S B FISH #4845 22328 1 240 M (41 €2) Fil [m]— 2 B AL T b DAPT Yt
B (SR (0)EZ M . A: ARCHO915. B: Betd42a. C: GAM42a. D: LGC354abc. E: Lab. F: Rotcll

Figure 3 Overlapping images of fluorescence in situ hybridization of the intestinal microflora of the insect
larvae. A, B, C, D, E and F are overlapping images of fluorescence in situ hybridization using different
oligonucleotide probes, in each image the yellow-colored cells are overlapped from those hybridized with the
individual FISH probes (red-colored) and with the DAPI-stained cells (green-colored) in the same microscopic
field. A: ARCH915. B: Bet42a. C: GAM42a. D: LGC354abc. E: Lab. F: Rotcll.
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Figure 4 Phylum level composition and dynamics of gut microbiome of four insect larvae. A1-A3, B1-B3,
C1-C3 and D1-D3 denote Zophobas atratus Fab., Tenebrio molitor L., Tenebrio obscurus F., and Galleria

mellonella L., respectively.
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Figure 5 Composition and dynamics of the functional microflora in the guts of four insect larvae. A1-A3,
B1-B3, C1-C3 and D1-D3 denote Zophobas atratus Fab., Tenebrio molitor L., Tenebrio obscurus F., and

Galleria mellonella L., respectively.
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Figure 6 Correlation analyses between body weights, body lengths of the four insects and their gut microflora.
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