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Abstract: Earthworm (Pheretima guillelmi) was selected as the model animal. Combination of in situ determination, high-throughput
sequencing and biochemical analysis, the results indicated that the production of Fe( 1)) was highest in the glucose treatment group
and lowest in the amino acid setup. During the iron(IIl) reduction process, the content of surface-adsorbed Fe(Il) was the highest,
ranging from 0.6 to 24.38mmol/L;whereas the content of ionic Fe(Il) was the lowest, ranging from 0.02 to 2.21mmol/L. The
community structure of iron(Ill)-reducing bacteria was significantly influenced by the type of organic matter,and the dominant
iron(IIl)-reducing bacteria in different treatment groups were diverse. Additionally, the iron(IIl) reduction process was accompanied
by the generation of reactive oxygen species (ROS). The content of hydrogen peroxide (H,O,) was the highest, ranging from 0.32 to
0.73mmol/L, and be show a significant positive correlation with the contents of ionic F e”*, surface-adsorbed F e(1l), and
high-crystalline iron, while exhibiting a significant negative correlation with the content of iron in organic complex state. Hydroxyl
radical ("OH) has a significant positive correlation with ionic Fe?*, adsorbed Fe( 11 ), and high-crystalline iron. Superoxide anion (O,")
has a significant positive correlation with low-crystalline iron and a significant negative correlation with adsorbed Fe(Il) and
high-crystalline iron. The research results provide a new perspective for understanding the role of earthworms gut microbiota in soil
iron cycling and ROS formation, which can be applied for pollutant control and degradation.
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Iron and organic matter contents in intestinal tract of earthworm in in—situ soil environment
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Fig.2 Consumption of organic substrates during iron reduction in the gut of earthworm
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Fig.3 Contents of different forms of iron in intestinal iron reduction of earthworm

ME 3(d)H AT LA RIS Fe(IDAT S BRI R AN R BRI 6 5 B K A i A b Ak
R HABTE A8k, B 1A Fe™ B i LU Bl N BRI VO AR+ R A BR 41 1 4 b B 4
A Fe(IDAEARRIALFEL h A7 AE BENEZEF(P<0.05),  WLINZA Fe( 11 A1 A B A4 B 1) 1 fp k.

BTA FX MHAB A YAE AR ML BIG] rp 2 7 R 2.4 B EUEFET ROS #0

-
o

== T ERE+AER
= 7R
= LR
== il 4B
== AR

I
>

U BT (umol/L)
HEAL A (mmol/L)

-
n

e
)

o
IS

o

n

Il
>
H
e
>
|
=)
9

A EH Ak (umolL)

’A " E
" 02
0 2 6 0 2 6

KeFEmtE (d) Re Rl (d) et El (d)
(a) OH [ pli bt ()0 I 1 et ()0, AL bt
Kl 4 i)l 8 20 )R FE R ROS 17 A4 il

Fig.4 Production of ROS during iron reduction in the gut of earthworms

2 6

=3




2058

R

45 %%

%1 'OH.O0, 1 H,0, (It EESFRREFS

Table 1

0, and H,0, and the production of different forms of iron

L EPSES i

Correlation analysis between the production of ‘OH.,

SREREZ(E

HRIEA ‘OH 0,” H,0,
BTA R 0.683%* -0.504 0.750%*
W% Bt 2% Fe(1D) 0.875%* -0.738** 0.790%*
AL A 0.194 -0.099 -0.593*
A AR 0.612* -0.571% 0.693%*

fIR4S AR -0.417 0.585* 0.105

T FIR AR Z A 125 PECHR320.01<P<0.05,*AL 3 P<0.01).

"OH & AR AN Se 3 5 I, 7056 2d IR 3ig:
AL, 760 e W A B A ) A i e v R FE A 1.42pumol/L; H:
VOO FURR AL BRAL R 1.23 umol/L; 5 3 iR b #E 4]
FR AR, N 0.91 pmol/L(1 4(a)).

RAEER . WA+ IR O, bl KT
FRISR) T 30, HAB AL BEZL ) O, AR AL Ha 3k 4
B R IR,0,7 PR SR 2d IA B, B LR AL B AL
O, [& i e, WRIE A 1.67umol/L; Ho Ik 2 Z iR b
FRAH R FEA 1.04pumol/L; s/ 1) 4 i 26 i A HH 40 7K

20 AR Stress=0.0855
15} D> LB *
W TR
LOF o figimiadiie  #
Sos -<1 RIR * 2
8 | * mix 4
S 0.0y 5 é’z@
Z >
—05F O
.. ® 1 |
-1.0}
[
-15 . . . . n
—4 -3 -2 -1 0 1 2
NMDSI1

() AN IR A BEAL R A A W S5 A4 T NMIDS 2347

JEAKZE 0.30umol/L(1& 4(b)).

H,0, it IAREFA N SE3 fa ik (B 4(c)), 7156
2d IEFNEAE. b R AL B A e 2 R A
0.73mmol/L; & 0 J2 ] 25 W + 22 55 1 A HE A TR K
0. 53mm0VL‘W§E%TEE HAZIEFRALFEZH, 24 0.32mmol/

BT H0, ZE R S B T2 Fe™' . RIS
Fe(1l). ZRaSEkm & B IEAHOG(E 1).
2.5 BKIE R R I R vl ] i AR ) BT 5
KT

JV 38 B A ) R0 L S A A Y B R SR AE
PE 2 7 I FLAS R L) 1 Ak A v A A A A v 25
P it 22 St A o W 2 (B 5()). T X e A B2 # HL
AUt A IR A FLIR A IR ER )
M =R S SERACU A CIE R (B 5(b));

MEEART, P4 B A AT D % TR = e v, FE IR
R @R AEA R AL BEAL b A SRR N e 2
(RIALBEZH Dy B AN BEAL, JL U LR ER A PR 53 AP,
AT A B R AT LA 5l e W) A 2 e (L
TIALRIEE 5(b)).

3.470

3.044
2.618
2.192
1.766

1.340

(D) A [FI AL AL P A A LA L

Bls iR B 2 FEPEAACE T

Fig.5 P diversity and metabolic activity of intestinal microbiota

JEUA, B 05 i P 25 - RN T A ER A 1
PR SR BB E R (B 6(a)). BEAMACK R,
Enterobacteriaceae 45, HLAE 12.14%~61.66%;
1E FL IR Th 4b P12 1 Enterobacteriaceae(61.66%)
Shewanella(10.71%) 1 Pseudomonas(8.46%) 4 {1t #
YR R R A FE AL P R v I AR A
Bacillus(36.91%) Shewanella(17.36%)  Fl
Enterobacteriaceae (12.14%); {F % % i b ¥ 21 v |

Enterobacteriaceae 1% % , 05 b A 55.03%, H: K +&
Aeromonas « Sporolactobacillus, i 1t 3 10.42%

8.61%; 7 2 Kt MR AL PR 20 B Ch FE Mk
Symbiobacteraceae (20.93%)  Enterobacteriaceae
(13.42%) 1 Paenibacillaceae(9.84%); 111 % Bi+2 I
TR AL PRZH  Enterobacteriaceae R Sporolactobacillus
DR AH L2 7 S i ] g 1 - g v Y
PLAP P E ELh Aeromonas~  Cetobacterium -



4 34 K B W] B SR R R AR R R 2059

Shewanella. Nocardioides 1 Nitrososphaeraceae(]

6(a)).

BAKFEEBREEENEST (%)
T

ri&"é

()N IR BEZ S A E BT o S5 R 2L

o

5

X
R
fm
=
Y
#
b
ik
1
§
2
i

(b) AN [ ST e 3 S5 ) BV 45 A9
Bl6 il i E YA 4t

Fig.6 Gut microbial community structure of earthworm
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