Research Paper MRIkE

WA W) %4 Acta Microbiologica Sinica
54(10) :1193 - 1203; 4 October 2014
ISSN 0001 -6209; CN 11 -1995/Q

http: //journals. im. ac. ¢cn/actamicrocn

doi: 10. 13343 /j. cnki. wsxb. 2014. 10. 012

IFREEAEE W1 B E H B 5 5 IR A0S B0
JeeB KT M

"R KA Y TR SRR Y 471002
2R NKIEFAT SR, B 201203
* o [ RE o G A R ST S R T R B R I S Sz =, b 100101

W [H MY LKA K38 7 i 200 158 W5 10 3 (Acidianus hospitalis) W1 %} 3278 3% M M $R PR 358 (1 38 I AL
il KJ5vEY A ] NCBT HEJC A 8 8 12 Uniport 8 1 80408 2 LA K Sulfolobus K3 I Xof i 725 W8 2 9 1HI 14 W1
BEDA A0 7 S BEAT Dy B vE RS, AT KEGG Hls e x Bk X AU AT In slico AR IR TEAY, 7EBLAEREZ by RAIHE
BUHE R A2 T AR B AR AT S A e e KGR Y I g IR W9 1 B W1 L 2% 2 A i) AR 7 =X Lo
SEEFRYEACR L. W1 Wk 3R L IR /40 S TR & R4 AL T RIG I AT CO, [ e il i
SE A JR B TEALGR AL ) (Reduced inorganic sulfur compounds, RISCs) 3REXfE B & HIEA A K. (H W1 FiEY
B B Ak Acidianus ambivalens (R AR I 77 sCA R, W5 B2 o 5k /0 2 55 0 6 192 52 1 4044 38 5L i (SAORY)
I B 1R CAPS) 34 it 16  ind 198 e 1 Tk % A% g (SATT) R JIR 17 Bk IR - W 1R I 1 4% %% g (APAT) (R 56K b 4h, W1
R R AT DL O AR B R A 1K 43 S ED 342 R TCA i PR3k AT 1 25 B AC T BH 80 2 I IR 6 12 2 11 LA S AR R 7K
R I A7 AE R W) WL BERE A R 0 A HLE et A SR BB 5 AL ambivalens ANTR], W1 BAR A BER ] H,
ER R K450 1 2 PR i AR 7 =X 0 47 2 W R W9 10 181 W1 B 207 U 05 [ 5 7 7 IR M MR FR G e 4l T
LR, T W B AR AT A D7 S R 7R R TR T R IR (Acidianus) J& ) Bl AQ S 2 FF P 1900
%l o

KBRIA AP RGBSR AL, SE TR, AR, I RALE LA

hES>ES X172 X E 42 :0001-6209 (2014) 10419341

FAOR W TUE Bty B L 5B IR IR MR IA BT 2 W
R LA PR SE 3 AL o AR A B . BF SN R
X2 A X PR IR BT ol R AT 2 AR A
JFRET Tz BB 9T, 9% B o A [ K 28 Bl S UK B 4R
BRI BB e Wy T s, DR =
g I R R X P AR S T TR S R
PE R 5 1038 N 5 5K, AERRR P R DL AR 2 7 1R R 8

A HT B TR R AC )~ A Bk B AU D
E e A TR R A, Horp 2l Rk T DUR A
BUIAE Do B8 Sl A R T AE K™ o R g A
HHETCHL B IR B AR RE N AT R AQ T W 1R R R 1
st Ak B (Sulfolobales) 1) it RS HE, 4 Ay
W —, VBRI JE (Acidianus) t 7k CIF 4R
W) e vk b g TR A R RS T s pH

EEB:HEE AR EES (31200035, 31171234) ;30 55 BHE K 2218 1 5 2 3 4 (090061608)

CWAEMEL . Tel: +8640-64807581; E-mail: jiangey@ mail. im. ac. cn

PEEAN LS (1979 =) , 5B W gy BN 18 -1, 32 22 35 A ot 1k 26 ) o i 3 DR 2 2% F 9« E-mail : xiaoyanyou@ haust. edu. c¢n

Y75 B #7:2014-02-02; & [8] H £ :2014-0616



1194

Xiaoyan You et al. /Acta Microbiologica Sinica (2014) 54 (10)

MM 0.8 =3.0, RIGAKHREZEH 74 -90C . f&
g DEAT B 2 1% @ W BP9 JL R R Ak, LA O, B
Fe’ " /£ T % 4k, H & Acidianus manzaensis
Acidianus sulfidivoransAcidianus brierleyi Fl Acidianus
copahuensis 5 I Yk B ## 4 K, Acidianus infernus-
Acidianus ambivalens F1 Acidianus tengchongensis &
HAFEK. B A sulfidivorans 5b, g9 Fp 3 or
LIRS H, A5 vy Ao AQU 5 S 2 B8 8 B i
TAZJE DT X T AN 7] 35 8 5 B 1k HA 5% (FROR i 5t
M5 LR I R 2 R A0 I 3 N

M T Ak 18 8 (Sulfolobus) F14E 4 Bk 1 )&
(Metallosphaera) » 551V 1 W TH B4 J 40 Fhood 1 55 8%
I 1 BA55 1R 3 AL B S IE AR B b . H AT
BF90 5 AR TP e A ) 20 B 2 e Y SRR L
DL A5 A 08 G b B N A g7 1w S b i
4 HIAL A9 12 8 A b Ry A8 B IR R BF T L e 4
HLE /D B G B I BT DL R AN Sl AR 3 A5 1) Dy RE 2 2
s A Z 0 TR 3 N L R AR R ST ST AR
W TR A T P WL S0 B SR I B A [ 5K Tl ROR
— BRI R T R 0 . WL BRI
ARSI IR I8 AL D) 5T (2T B R 35 ARV R 45 URE
pAHID) 5 W1 & ¥k 2 8] (1 45 B4 F HLH 2 55 © & FF
JE T B MBORHER T Y . b TR WL B B
T EEE IR IR POR A BT 1 1 AL FATR W
PREEAT 42 2k DXL 00 7 JF 3R A5 T 58 48 i 26 I8 41
W AEIESERLZ L, GBI W B bR S R 417
HIVHEAT Dy e v B ARG 34 42 T A DL LG B Ak R 4 2
IIHT s AR SCORE i W 1 T B WL 3 N B SR IR
PR INEE AT RE 73 7 AL AT TR

| O R RV RFS

1.1 X [F4H DNA 575

K% 454 GS FLX W7 F- & %) W B B 19
SED AL BEAT W, N 2 514 PCR K SE0E 58 1 5k
K4 25 5 X 1k 35 78 (Gap closing) , & 3R1E W1
PR FR) 5 4 B8 TR 20 P 20 (L3, B DR A il i I 1) B A o2
T 99.99%, GenBank WY 3% 5 H NC _
015518. 177 o F 3 [¥ 41 b 4 1 4 5 97 F 3% A
GenBank #( 45 & (http: //www. ncbi. nlm. nih. gov/) ,
£, 4% Sulfolobus solfataricus P2 ( NC _ 002754 ) .
Metallosphaera sedula DSM 5348 (NC _009440) F1

Hydrogenobacter thermophilus (NC_013799.1)
1.2 ERAREERFSH

K A Glimmer3. 01 F1 FgeneSB (http: //linux1.
softberry. com) T > %6 JF A 51 32 HE (ORFs) Tl ; i i
5 GenBank (http://www. ncbi. nlm. nih. gov/) \
Uniport Chttp://www. uniprot. org) L & Sulfolobus
(http: //www. Sulfolobus. org/) & [ %t #& FE bk %I
(BLASTP, E {f < 1e-03) i8¢ & (1 5T D fig : B B2 A
it 58 4% (Frameshift) i 8 A T 8247 56 0F; K H
TMHMM  ( http://www. cbs. dtu.
TMHMM /) Phobius (http: //phobius. sbe. su. se/) F1
ConPred II Chttp: //bioinfo. si. hirosaki-u. ac. jp/ ~
ConPred2/) FEF MM E A, Bt 5 E2E A H K
$ 4 2 (TCDB) Ll X #f o %% 32 55 11 ; K A SignalP 3.0
(http: //www. cbs. dtu. dk/services/SignalP/)
SecretomeP 2.0 (http: //www. c¢bS. dtu. dk/services/
SecretomeP /) Fi P& 70 73 W4 2& [ ; K ] t(RNAScan-SE
T2 25 5E (RNA & ith JE A
L3 W1 RBHREEH

R IR A R4 45 808 P (KEGG) f#1 KAAS
R 4% 2% (KEGG Automatic Annotation Server, http://
www. genome. jp/tools/kaas/) In slico T ) W1 &k
AR AR, Rl 2 Bl BAR 7 6 W
PRI AW & AT 58 % : (1) 55 S, solfataricus
P2 Fil M. sedula DSM 5348 HEAT LUk K 41 2% 43 #7
Xt 5 5k W1 AR (EDVEMPLTCA Rl 356 56 74
T2 142 5L T TR AG R ) 1k DR BEAT 56 4F 5 (2) A 8 2k
REBRSE R &S M. sedula DSM 5348 #1 A.
ambivalens TRACH BRI R E AW RN 25
WRBR W B AQ i 42 10 56 R g A7 36 0E 5 (3) 5 A4k
[l CO, A & Bdhs e CR A FF) X, w254 —iR-
4 IR T RAE IR AL JR M =R R 1 21 (RTCA) % CO,
I 3 3 A2 1) DR AT EE S e (4) AR LA 4 #
253, X H] SmartDraw « PowerPoint 344 22 4] W1 148
gt

dk /services/

2 HURAIS

2.1 FERBRFAEE W EEEERSE

U W P TR T51 W1 35 R 40 B — 4 BROIR 3 4
(2. 14 Mb) 1l — A FOAR Gk pAHL (28644 bp) 14 ik
(K1), ks cde63 (ahos0001) «whiP/cdtl



JUIE A« 25 W IR P T 1 WL S8 R IR A A SR PR 8 103 LR /3 2R A 27 4% (2014) 54.(10) 1195

(ahos1370) Fil cdc6d (ahos0780) 3 /ST fii 1 52 fhil 2
AP Yt g P I GC R R (34.2%) IR AR T A
tengchongensis (38% ) 1 A. copahuensis (34.5%) -
46 A~ tRNA i ith 5 K 47 57 20 F &l 5 12 1 e iz, O
OIS DS WS T 169051 2389 A FF 7805 1%
(ORFs) 1, 1019 A~ ORFs H AT W4 (K B D i, 4
K2 305 G A B R 2R G Bk R AR I G A B
[V o A1 g 15 Or 57 10 R AR 22 I ORFs h, Horp
649 4~ ORFs 5 @i 4k 5 )@ ¥ Fh 6] Y5 . 176 4~ ORFs
5 M. sedula DSM 5348 [6]J5i. K, A —F %%

210000 0O

y o WSS
W g N

1050000

Z 5 W1 T PR A 38428 1) 4 59 2L DR Dh g, 1B S.
solfataricus P2 Fl M. sedula DSM 5348 5 W1 Btk ik
ATIEH AL LSS, EATM — L E AR W& F 15 F 1)
B DB S iir e ™ 2 o JFoRE pAHL 15 2009 4
S R 7 B I A VS TR N I T W 25 5 kL pAHL 7
BIAH— 8, (b 4 ANIRE, X AT RE R 1 TR R
FIAS ) B0 W e 5 9 3 e pAHL %% & fE (RNA™™
[TCG] & K v, #& & 47 4547 T 56 X 41 1075876 -
1075946 bp 4t .

28000 0
26000 gpmm

24000 5
2 ‘/

22000 pAHI
: 28645 bp [l

20000\ % >

/ 10000
12000

14000

2000

\4000

6000

0000

8000

= & /630000 18000 "
16000

® Maintenance
m Others
Hypothetical
® Conjugation/Transfer

1. FEEBRAEE W1 £eik5REE

Figure 1. Graphic representation of the Acidianus hospitalis W1 chromosome and plasmid pAH1. For the W1 chromosome, the first two outer circles

represent the positions of genes in the chromosome (Circle 1: plus strand, Circle 2: minus strand) , colored by functional categories according to COG

classification ; circle 3 represents tRNA genes; circle 4 represents (G + C) percentage content: above median GC content (red) , less than or equal to

the median (green) ; circle 5 represents GC skew (G - C) /(G + C) calculated using a 1 kb window: values >0 (grape) , values <0 (blue) . Genes

of plasmid were colored by functional categories as shown in figure.
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Figure 2. Proposed blueprint for Acidianus hospitalis W1 carbon metabolism. The followmg abbreviations were used : KD (P) G 2keto-3 -

deoxy-D-gluconate—(6-phosphate) , GA (P) glyceraldehyde—(3-phosphate) ,
2PG 2-phosphoglycerate, PEP phosphoenolpyruvate, DHAP dihydroxyacetonephosphate, FI1, 6P,

fructose-6 phosphate, G6P glucose-6phosphate, G1P glucosed phosphate, FdR reduced ferredoxin.

pathways were colored as follow: ED pathway (green) ,

hydroxybutyrate cycle (purple) , candidate genes (yellow) .

Gluconeogenesis (red) ,

PGP 1, 3-bisphosphoglycerate, 3PG 3 -phosphoglycerate,
fructose , 6-bisphosphate, F6P

Genes involved in the different

TCA/RTCA (azure) , 3-hydroxypropionate /4 -
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Table 1. Genes encoding for ammonium assimilation in the

genome of A. hospitalis W1

No. of

Ammonia assimilation Gene ID

genes
ammonium transporter 1 Ahos1467
glutamine synthetase 3 Ahos_0460/1272 /2233
glutamate synthase 2 Ahos_1236 /1237
glutamate dehydrogenase (NADP*) 1 Ahos_0494
aminomethyltransferase 1 Ahos_1326
carbamoyl phosphate synthase small subunit 1 Ahos_1106
carbamoyl phosphate synthase large subunit 1 Ahos_1107

2.4 BHNYHEMKERS

W1 A i A 1 N BE - 51 0] 3 4 2
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Table 2. Transporters and hydrolytic enzymes for organic materials transportation and hydrolysis in the genome of A. hospitalis W1

Transporters and hydrolytic enzymes No. of genes Gene ID

Sugar transporter

sugar proton symporter 1 Ahos_0434

sugar ABC transporter ATP-binding protein 1 Ahos_0290

sugar ABC transporter 1 Ahos_0289

sugar transport protein 2 Ahos_0288 Ahos_1628

maltose ABC transporter 1 Ahos_0287
Glycosidases

alpha—glucosidase 2 Ahos_0333 Ahos_1625

alpha-mannosidase 1 Ahos_0335

alpha-galactosidase 1 Ahos_0347

beta-galactosidase 1 Ahos_0285

glycoside hydrolase 15-related 2 Ahos_2273 Ahos_1819
Others

alpha-amylase I Ahos_1029

glycogen debranching enzyme 1 Ahos_1028

Amino acid transporter and permease

peptide transporter permease 1 Ahos_0342

peptide transporter ATP-binding protein 1 Ahos_0341

peptide transporter ATP-binding protein 1 Ahos_0340

peptide transporter permease 1 Ahos_0337
oligopeptide transporter ATP-binding protein 1 Ahos_0175
oligopeptide transporter ATP-binding protein 1 Ahos_0174
oligopeptide transporter permease 1 Ahos_0173

transport systems inner membrane component 1 Ahos_0172

ABC-type dipeptide transport system periplasmic componentike protein 1 Ahos_0170

amino acid transporter 5 Ahos_0100 Ahos_0163
amino acid permease 3 Ahos_0328 Ahos_0439
amino acid permease-associated region 11 Ahos_2251 Ahos_2065

Proteolytic enzymes

trypsin-like serine protease 1 Ahos_0116

X-Pro dipeptidase 1 Ahos_1059

peptidase M19 renal dipeptidase 1 Ahos_0433

peptidase M24 1 Ahos_1275

peptidase M48 Ste24p 2 Ahos_1066 /1031
peptidase M50 1 Ahos_0676

peptidase U32 1 Ahos_1636

peptidase related protein 1 Ahos_2351

prolyl endopeptidase 1 Ahos_0428

proteasome endopeptidase complex 2 Ahos_0516 /0800
metalloendopeptidase, glycoprotease family 1 Ahos_0695
metallopeptidase-ike protein 1 Ahos_1003
Pseudomona pepsin 2 Ahos_2087 /1929
methionine aminopeptidase 1 Ahos_0588

peptidase M1, membrane alanine aminopeptidase 2 Ahos_0013 /1941
peptidase A5, thermopsin 1 Ahos_0007
carboxypeptidase Taq 1 Ahos_0991
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Figure 3. Proposed sulfur metabolism pathways in Acidianus hospitalis W1. The following abbreviations are used: OM outer membrane, IM
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Purification and properties of the sulfur oxygenase/

Adaptation of Acidianus hospitalis W1 to oligotrophic and
acidic hot spring environments

Xiaoyan You', Qiaoming Zhang', Huajun Zheng’, Chengying Jiang’
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China
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China

Abstract: [Objective] To study the adaptation of A. hospitalis W1 to oligotrophic and acidic hot spring environments at
the whole genome level. [Methods] We annotated the gene functions and constructed metabolic pathways of strain W1 by
using different databases, such as NCBI non-redundant database (NRDB) , UniProt, Sulfolobus protein database and
Kyoto Encyclopedia of Genes and Genomes (KEGG) . The metabolic pathways were polished according to the results of
comparative genomics. [Results] Strain W1 grew autotrophically by fixing CO, as carbon source through 3-
hydroxypropionate /4-hydroxybutyrate or dicarboxylate4-hydroxybutyrate cycle, and gained energy for growth by oxidation
of reduced inorganic sulfur compounds (RISCs) . Strain W1 differenced from A. ambivalens because its genome did not
possess sulfur-metabolizing genes encoding sulfite: acceptor oxidoreductase, adenosine phosphosulfate reductase, sulfate
adenylyl transferase and phosphoadenosine phosphosulfate reductase. Glucose was metabolized by strain W1 through non-
phosphorylated Entner-Doudoroff pathway and tricarboxylic acid cycle. In addition, the sugar and amino acids
transporters, as well as related hydrolysis enzymes were identified in the genome. These results suggest that strain W1
could also grow facultative autotrophically. Strain W1 cannot use H, as electron donor due to lack of hydrogenase encoding
genes. [Conclusion] The versatile metabolic patterns afforded A. hospitalis W1 the ability to adapt to oligotrophic and
acidic hot spring environments. Furthermore, the unique metabolic features of strain W1 will help to better understand the
metabolic diversities of Acidianus.

Keywords: Acidianus hospitalis, genome, oligotrophic, metabolism, reduced inorganic sulfur compounds ( RISCs)
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