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Abstract: By analyzing the shift of microbial communities under different iron/sulfur ratios, the response of metallurgical
microorganisms to energy substrates was investigated based on molecular ecological networks. High-throughput sequencing of
microbial samples from different domesticated batches was conducted to analyze the changes in community composition,
alpha and beta diversity. Based on the molecular ecological network, the interactions between microorganisms under different
iron/sulfur ratios were explored. Keystones were identified to analyze the community response to energy substrates. In the
process of domestication based on different energy substrates, the dominant species in the in iron-rich and sulfur-less
community were Acidithiobacillus ferrooxidans and A. ferriphilus. A. thiooxidans accounted for up to 90% in the sulfur-rich
and iron-less community after 3 domesticating batches. The results of alpha and beta diversity analysis show that the
domestication process of sulfur-rich and iron-less substrates reduced the diversity of microbial communities. Molecular
ecological network analysis shows that the keystones were all rare species with low abundance. During the domestication by
sulfur-rich and iron-less energy substrates, the bacterial species had a closer symbiotic relationship and the community was
more stable. Through this domestication experiment, the impact of different energy substrates on microbial aggregation was
clarified. Domesticating metallurgical microorganisms by using sulfur-rich and iron-less energy substrates made the microbial
colonies to be more stable, which was conducive to the oxidation of iron and sulfur, promoting the dissolution of sulfide
minerals. Our findings provide a reference for the directional domestication of metallurgical microorganisms.

Keywords: metallurgical microorganisms, energy substrate, molecular ecological network, keystone
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Fig. 1 Relative abundance of genus/species in different acclimation conditions.
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Fig. 2 Distribution of Shannon index (A) and Pielou index (B) among different groups. Boxes with different letters

indicate significant differences (P<0.05).
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Fig. 3 Changes of microbial communities during
acclimation of different energy substrates.
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Table 1 The topological features of network

Parameters OFe oS
No. of nodes 140.00 230.00
No. of edges (in total) 814.00 1022.00
No. of edges (positive) 813.00 1017.00
No. of edges (negative) 1.00 5.00
Connectance 0.08 0.04
Average degree 11.63 8.89
Diameter 13.00 11.00
Clustering coefficient 0.79 0.65
Average path length 4.01 4.54
Modularity 0.56 0.71
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Genus of node (OTU) Degree of node
Acidithiobacillus Pantoea Sulfobacillus
Leptospirillum Yersinia Acidiplasma . 35 |
Stenotrophomonas Acidiphilium Acinetobacter
Gemmatimonas - Sphingomonas Unclassified

B4 FEADFEESMERE (A: OFe tHMLE; B: OS HMLK)
Fig. 4 Ecological network diagram of different groups of molecules. (A) OFe group network. (B) OS group network.

F2 BHROWMAMEVEEXRENMER
Table 2 The information of keystones in the group of iron-rich and sulfur-less
Betweenness Closeness

Degree Class Order Famil i
OTU ID centrality  centrality g y Genus/Species
254 2.167 0.000234 9 21  Gammaproteobacteria Acidithiobacillales Acidithiobacillaceae  Acidithiobacillus
sulfuriphilus
33 0.053 0.000 2349 20  Alphaproteobacteria Rhodospirillales  Acetobacteraceae Acidiphilium
26 5.016 0.000 234 2 26 Gammaproteobacteria Acidithiobacillales Acidithiobacillaceae  Acidithiobacillus
ferriphilus

®3 EMOSKEAMEMIEERRYMESR
Table 3 The information of keystones in the group of sulfur-rich and iron-less
Betweenness  Closeness

OTU ID centrality centrality Degree Class Order Family Genus/Species
604 81.405 0.000 1397 22  Gammaproteobacteria Acidithiobacillales Acidithiobacillaceae  Acidithiobacillus
thiooxidans
589 63.089  0.000 139 5 20  Clostridia Clostridiales Clostridiales_Incertae Sulfobacillus
Sedis X VII
92 47.070  0.000 1383 17 Nitrospira Nitrospirales Nitrospiraceae Leptospirillum
16 0.515 0.000 137 8 11 Nitrospira Nitrospirales Nitrospiraceae Leptospirillum

http://journals.im.ac.cn/cjbcn



B E Z/HFESMERTASBEYIELERRINL 2681

AN, B ALE JEICHUBE A 5 -1 1 AT,
Acidiphilium 7E#E 75 ok 2 b Bk S AL /R, T
A. ferriphilus [m] B 547 480 £k BRL S5 A 4 A0 2K 25
THIFE

(E & i R RE IR IS I e R T R, S
T E A OCHEYIRD OTU B4R T 0.01%,
Yy Rk B AL thiooxidans . Sulfobacillus 5
Leptospirillum (3% 3). A. thiooxidans fy%& P #i 4
b B FR BN, Leptospirillum &P Ak A 3%
RIAATAE , Sulfobacillus 4 7 /] i B A 2k 48 Ak R 46
1bIheE, HEEGE I A GR IR SSEA DY, FEARXS
R B AR 1 O, 0 Bk RE RS A 3R
Frbrygk . mAar
3 ik

TEBALE BRI LR KRBT b, H DAL AY Y
Acidithiobacillus #1 Leptospirillum Z5{LHETCHL H
FETE AP S 1Y UG 2 R R 5 TN E
I, CIENRERTE, HEHYS AMD Hig
1 SR ETEAAI AT G o TEAS [F]RE IR IS 94k 52 3 v
Bl E YA AEIE I, 16 ST M T A 2 A
RABRFEEBUE , Ul AN [F] BRI P00 Tk
YyRETE R B 50, T R i X PR
M)A AR

TE & P/ D AR TR R P Y4k 2L 2 H . Shannon
FEECH Pielou F5 8K 22 B0 % 454k, H NMDS %
RERH], HBERHMREN R, Yk fina
WA A kA B . e Z A T i
TR AR AL, S35 F LA R
YIRRE R A A7 R e a2 B PR, PR 2 5 94k
T B AR A TR AR R IR R e A R

e & /DR ee IR I P Pfe o #E b, Bl 9
FEHE YR 3G T, Shannon 48 2R Pielou 45 %45t I 7t
JE R, AW bR AR T R R AR A
B, AU A R R, 2

% : 010-64807509

WA i A W RS DA AR I BT, T B 5 Ak it
W, ZRHERINREAS, BRSSO
g A. thiooxidans. A. thiooxidans ¥ [ 55 %1 4
P, A caldus g3tk (1 3R B0 A0 B P8, A AR
BRI, TER SRR E T
A. thiooxidans #H%% F A. caldus B H.A5 35 4 1f #
1 B R 4 X A B b

WL IR S MED R TSI (E 4),
PRUTRE IR I 16 & A A BEAE R s2 . 45
RFEW, NEBEBERD YL ST R & MED 5y
FHABMBAAERRER (R 1), #H5RAH, A
MFEN M, 4TSGR 5 2R N 25 Fa e
PR, TREVR R AU P S IR VR T R ) E 2
MR M FE R RAEBIRY . =k
REVE ISP U4 N IEAR BAE FH S5, 25715 s B0
WL A E AR B 2, M ik, R
& B AR RIS YA T 8 R R A W v AR
WZ& S R, AR R, A iR AR
SRR Th B A A W 0 T BE DL R SR W TR) A B &R
PR W& AR . TERER R e it
o, BHROR SVERIEGAT R
FHRK R, RUURAMED N E LRty
W9 A s e RO SR, ARV P D 44
A Wiz R G A Y o ARSI R
FA T B AR OC 2R (R TR 2 B 0 o 9 AL
b N S L BURCR it Vi AL K=
BEIE i AL e E T, R A
LRI AE R, o AL R W IR B e AR
IRR B, FILZA MY REE R
1A= it Re

K SH ) R AE o 2R W B g bl T S LR IR A
F L b S ER Y Rl 2 5 BURA: W BE I 45 R A ) Rg
RAEERNAE, AR5, FET L5 JE
TR R R IR T , ARG S
e & i 8 1Y) SC AP 43 A F - Acidithiobacillus

. cjb@im.ac.cn



2682 ISSN 1000-3061 CN 11-1998/Q =¥ T #2244k  Chin J Biotech

Acidiphilium. Leptospirillum #1 Sulfobacillus P4}~
J@rh, Hrh Acidiphilium J& T{LAE F 35 A
TESF AR AT T DU i &l 32 IR SR AL T R
L, TEDRASANET LA Fe® B T2 R A il
Yy, [RIEF2:fE#E A, ferrooxidans 7 4% 55 1 4A fk 3t
ik, A KBA 785w 2B TR 9
1k, A thiooxidans 7EREv& H A B F 82, X
BT ALk 5 AR s 1 0 e AR T . BEE R
Acidithiobacillus & £ %1 V42 2 F . BT R KA fk
E YR EACER], REAE I 25 P S AL & W L TR
PEMIIT, LA b o S Tt A R e 1
Leptospirillum J& & i E 2 MR AL, X8~
W S AT A 1) T R LA T 34 K 4 o S
MVEM . ZEHA RN E, XM
BB TR B m, ZRSKRE MRS T
P KA TS /NBY38) Sulfobacillus HAT R |
Mif il HEVE S IRAEHRE R, RERE AL MR B
B FIE I F B AL 59 fEAEVE  Sulfobacillus
HA AR AR X 325, AT DA A v R 7 7 A=
H RIS Y, HEshBRROR B . B4
JCRIEH

4 Hh

AT T e BUEL A BB AT 2 BE 1R 4 R
Yy, RS FA SR R, RTE PR
AR BE PR B I AR TR 16 G Il A W ) e v 2
Frflb, RGER T AR REIUR Y I 7 vh 4
WAV REE R A . 45 R BN, EAFREIRR
Yy U E MU AU ZE AR, R BETRIE )
Xt FRE YA R AR, b wi D Bk AE
TR h SR YR R B B R AR

T ARSI Hr A SRR, AR e A
BREETUR P I R, Sl e v AR E |
G, A B TR R R BRI IRE . &
WAWETE, W T E AR B R BRRETUR Y

http://journals.im.ac.cn/cjbcn

X RCAEPIRE SR, O AR iR 4 Tl AR
T B & Gl DD 7 1) G4 SR 1T B JEA
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