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H B OOFTREKXZHRMAEREFATLEG—HERN, LA55T @i S TR AR,
AR ) F A RAMINTARIR 2 A7 XkfFhir k., Amit S ey hsrdxtmi A F1H4, @
B W 2F) R S HE. AeFlEfiRs %Ay X ir & 5. 1% 2 KA H (Riemerella anatipestifer, RA)
R—ARESENFLZLRABE, TR ENZE TEBITIHE G 5 KAIPRIRERR ML E, Rm,
REZAHLTA HER ML F Kb, KRBT ELINERZKATE ATCC 11845 Bk a9k
RAOC RS08070 %4k #&-B(ferrochelatase) HemH, &AL 454k rlokd s, ol sr & 4 K42,
hemH K G 2584k B TA MR R, i matt. [B69] H %% HemH E& Rtk F
W ARAERS MR ZRATHAKRS Thobkff A X AR, [F&] ARAMET RA ATCC
11845AhemH Hk #k, 40N F AdkAe hemH 4 XA GCB vAK GCB fhndn 41 & RARIE R T 49
AR UG F AN hemH # AMRIEATH: T M FHH AT HT. [£R] RA ATCC
11845AhemH HAMAFEAE GCB 3/ AT A K, /e GCB BARAANA ML Z GG ARRI, 4R
M BRI AT K I, 5 F AMAALG, hemH $ KRV A 354 A2 3% £ 7 & & K F (differentially expressed
genes, DEGs). [ A4kt (gene ontology, GO)W &b's =T LI £ F KA KA £ 25 R EMEAE L.

& PR ARt A2 1842, wARA R AR 408 A4 F5 (Kyoto encyclopedia of genes and genomes,
KEGG)i#@ % g AT K I £ 7R XK R T 2F KA ZIBRRS BB A = R B IX (tricarboxylic
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Abstract: Heme is an essential nutrient for the growth and proliferation of most bacteria since
it is involved in a variety of physiological processes. Bacteria can obtain heme through
biosynthesis and acquisition from the host. However, excessive heme is toxic, and bacteria can
alleviate heme toxicity by efflux, sequestration, and degradation. Riemerella anatipestifer
(RA), a Gram-negative bacterium that infects birds, can transport heme from hemoglobin.
However, whether RA can synthesize heme remains unknown. The genome analysis revealed
that the gene RAOC RS08070 of RA ATCC 11845 strain encodes the ferrochelatase HemH,
which is a key enzyme that participates in the insertion of iron into porphyrin center to form
heme. The loss of hemH leads to the accumulation of iron and porphyrin, causing toxicity to
bacteria. [Objective] To identify the role of HemH in the synthesis of heme and identify the
genes involved in the detoxification of iron and porphyrin in RA. [Methods] In this study,
AhemH, the hemH-deleted mutant of RA ATCC 11845, was constructed, and the growth curves
of the parental strain and AhemH in the GCB liquid medium and the GCB liquid medium
supplemented with hemoglobin (Hb) were established. Further, the transcriptomes of the parental
strain and AhemH were sequenced and analyzed. [Results] RA ATCC 11845AhemH did not
grow in the GCB medium, while it grew well in the GCB medium supplemented with Hb.
Transcriptome analysis revealed 354 differentially expressed genes (DEGs) between AhemH and
the parental strain. Gene ontology (GO) functional annotation showed that the DEGs were
mainly involved in catalytic activity, biological regulation, and metabolic processes. Kyoto
encyclopedia of genes and genomes (KEGG) pathway enrichment analysis showed that the DEGs
were mainly enriched in amino acid metabolism, oxidative phosphorylation, and tricarboxylic
acid cycle (TCA cycle). [Conclusion] HemH is involved in heme synthesis, and the mutant with
the deletion of hemH changed the expression of the genes to adapt to the disorder of metabolism.
This study lays a foundation for further studying the role of HemH in RA.
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IMET 2R S K 2 B T A A i 20 i 7 1) —
BRI, MRS INLLR , 7EE AN
FELIMELLE AR, et & AT
JE, S s oRIEN . R LT
XTATRARE 2, (HERHG A M 21 3 A B 7
YRR, IMETRAE, KA | TR SE A
BN, SSBEEMIEAR G RE AR AL, L
Je DNA (5155570, Rk, 0P 23k I i 2t
RO EEERR, DLRAMIE, BEEMBRNLIR,
DTS2 ik, FRARmLr R,

MAEA MM R B R C5 e,
e M A & BE tRNA iR R (glutamyl-tRNA
reductase, GrRMS#FZME-IRNA AL A AT E 1
2 % R -1- 2 ¥ (glutamic  acid-1-di-dehydehyde,
GSA), BEJ& A ZIR-1- 1 2,1- % S A7 i
(glutamate-1-semialdehyde 2,1-amino mutase, GsaM)
TE R A m pir ik 5-4 2k £ 1k 7Y iR (§-aminolevulinic
acid, ALA, 2 4~ ALA 3 TR (0 R 54l
(bilinopigment synthase, PbgS)AXJFRM4E G4
PR % AH {4, 2K )5 (monopyrrole  cholepigmentogen,
PBG)™, ¥ HIEAH K A L (hydroxymethylbiliary
synthetase, HmbS)# 4 1~ PBG /3 F i 2Lk %, ™
Az 2R P DU s ¥ B AR T PRI R A
Jif(uroporphyrinogen III synthetase, UroS)f#fLIf
AL IR, T RIS, PR AN ST
i #2 B (uroporphyrinogen III decarboxylase,
UroD)é JR IS TIBE R € nh i s ™ . 7
X2, B2 PG FH A TR R AR 24 B T B A B
CLRIBFEIT SR 2 Fhag A, 43 o 2NN IRAR S o
SR AR PN S 73 SR A o

T = PRBAE B 1 D P AR 43 S 3 A2
& M Ohk Ji TID H A T 40 19 255 b ok R I R il
(facoporphyrinogen decarboxylase, CgdC)FIAK
38 48 19 2 M bk JiE 5 & B (coproporphyrinogen
dehydrogenase, CgdH) # 1k & A J& Ip mk JiR
IXPM B S H R R A Y AR ok s 4 AL

(protoporphyrinogen oxidase, PgoX) . AN 4 1)
J5 Ak w5 4R 4k B (protoporphyrinogen oxidase,
PedH 1) FIAFAE TR o045 22 BB 1T v B8 i s
Wb 5 48 AL B (protoporphyrinogen oxidase, PgdH2)
HEACTE BRI MRIX 10 S5 J5 p SRR bk 25 45
(protoporphyrin iron chelase, PpfC, HFK A HemH)
WA AN RIX h 9 i 21 =,

P52 B FCAT I8 (Riemerella anatipestifer, RA)E
AT T BT AR O A 2 G
BAPERENS, RIS S, AR R . Ol
R, HECMIEESEZ2A 21 FriEsl, Ha&
MIETZ [ ICS SR AERT, 23Rl i 1
BRATARRM, My B AR 9 2E K T B M 2T
FORYERE, RIS MLLRFLE RGN MLLR
RBERSGE, HOMi T TonB 59L& TonB SZ &M
W5 i 218 (1 R AR A M 2T 2P AR Fur 9879588
LA BRI 4T R 15512, TR RS A,
HIZ R L RE A UM 2T 3 M M 212 fR b AR
Hlo FENALT A B, 195 HLERAT R ATCC 11845
RS RAOC_RS08070 Yty —Fh k5 il ity
HemH, 12/ = A P2 AR5 MRS 5 1M AR 1l
4R, 25T MAREGRERNRE—L. A0
FUE T HemH Z5IMLLRFARIIEE, IEXS
hemH SRIARIEA e sFe 20 =l K o

R

1.1 ERAIRF
Pk RAATCC 11845 ALK E /417 ; RA
ATCC 11845AhemH . RA ATCC 11845AhemH
pLMFO3::hemH A5 3 43 W3]
U DNA Zifb o g . ok g & 55 18
B b RARAE AR A PR A B 5 B R0 A e
FEHREPHEABR A
1.2 S¥I8It5 &K
ABEFE I LR P51k B NCBL SR, 51
Y1551 i ERIIAE R I R 03 A R w5 (3 1)
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Table 1 Primer sequences

Primer Sequence (5'—3")

hemH upP1 ATTCTATCGTCTAAGTTGGTTTCCGTATTTTTGCAGTTCC
hemH upP2 TCGTAAGACTGGAAAGTGGTAGTTTTGTTTTAGCGTGATT
hemH ermP1 AATCACGCTAAAACAAAACTACCACTTTCCAGTCTTACGA
hemH ermP2 TCTAAGGTTTCTAAACAGTCCGACTTTGAACTACGAAGGA
hemH downP1 TCCTTCGTAGTTCAAAGTCGGACTGTTTAGAAACCTTAGA
hemH downP2 TTATCAAGCATTCTTGTATTACAGACCTTTCGGAGCTAAC
hemH compP1 CATGCCATGGATGTCAAAAAAAGGGATATTATTAG

hemH compP2 GACTAGTTTAGCTTAAATAGAAATTTTTTAATTC

erm P1 ACCACTTTCCAGTCTTACGA

erm P2 CGACTTTGAACTACGAAGGA

RAOC RS04880 qPCRP1 TCTGATGTTTCTCCTGATTCGT

RAOC _RS04880 qPCRP2 CACATACCGCAAATACCCTC

RAOC RS09500 qPCRP1 AAATCCCTATCCTACAAGCCT

RAOC RS09500 qPCRP2 AGCGGATAAATCTTGTGCAG

RAOC _RS02395 qPCRP1
RAOC_RS02395 qPCRP2
RAOC_RS04320 qPCRP1
RAOC_RS04320 qPCRP2
RAOC_RS03255 qPCRP1
RAOC_RS03255 qPCRP2
RAOC_RS07980 qPCRP1
RAOC_RS07980 qPCRP2
RAOC_RS01505 qPCRP1
RAOC_RS01505 qPCRP2
RAOC _RS06075 qPCRP1
RAOC_RS06075 qPCRP2
RAOC _RS03955 qPCRP1
RAOC_RS03955 qPCRP2
RAOC_RS04890 qPCRP1
RAOC_RS04890 qPCRP2
RAOC_RS04580 qPCRP1
RAOC_RS04580 qPCRP2
RAOC_RS02400 qPCRP1
RAOC_RS02400 qPCRP2
RA0OC_RS02890 qPCRP1
RAOC_RS02890 qPCRP2
RAOC_RS09495 qPCRP1
RAOC_RS09495 qPCRP2
RAOC_RS02380 qPCRP1
RAOC_RS02380 qPCRP2
RAOC _RS04310 qPCRP1
RAOC_RS04310 qPCRP2
RAOC_RS00850 qPCRP1
RAOC_RS00850 qPCRP2
RAOC_RS08180 qPCRP1
RAOC_RS08180 qPCRP2
RAOC_RS07245 qPCRP1
RAOC_RS07245 qPCRP2
recA qPCRP1

recA QPCRP2

ATTGATGCGAGTGATATGATGG
CAGGGTATTGGAAAGAGTAGGT
GGCTATCAAGATGTTGCTGAC
CCTCCATTACAATCTGCCCA
ATATTCCACCAGCACCTAGAG
TCATCAGAAAGACCAGACGA
CACTAGGTGCTACCCCTAACCATAA
TGTTCTACGCATTTGTTTCCGTC
TCGCTGTACTTAGGCATCAC
TCCAAATAACGAACATCTTCGG
CGTATCAATCAACAGAACACCT
AAGTAAATCCTTCAGCACCGA
CTAAAGTACGGTGGAGATGC
TTTACCATTGCTGATGCCTG
GAATGGTGCTAAGGCTAACTC
CATCGCTAGGATCTCCTTCTC
CCAGAGCAGATATTAGAAGGGT
CCGTAGCTTTCTAACAATGCC
GCCAACTTATCAGAAGAACCC
CAAGTTATCAGCACCCATACC
AAACACTTATGACCTACTCCGA
GTTTAAATAGCGTTCAGAAGCC
CCAGGAACAGTAAAGGTGAC
TTTAGAGCATCACTTCTACCCA
AAACAGTAGAGGAGAAGCCAC
GACAACTCAAACAATCTGACCC
GGAGATAAAGAGGCTGAGGA
CTTCCATATTCATACCGCCAC
CACAAGCAAGTATTAGACACGA
GCTTCTGTTTCTTTGGATACCT
CCATACTAAACACCATCAAGCC
CACCACCATTGTTTCTTACGG
CACAAGGACTAACCAATGGAG
TGAGGACTAAATGGAGGCTG
TGAAACTAGGTGATGGTACG
CTTAGGATAACCGCCTACTC

The underline indicates restriction enzyme sites.
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1.3 RAATCC 11845AhemH Wit

RA ATCC 11845AhemH B kR AR5
TR i @22 BRI i PCR
Y384 hemH 3L it R B up. i Bt down DU
M 2155 % (erythromycin, Erm)yiPEFEH B, IF
WL @A PCR 97 X% hemH up-erm-down
F B AR & Ak BDSS 5 RA ATCC 11845
AT HAREAL, FFRAT T &4 & 2= PP pg/mL)
i1l e i W e 4N v ) B DA L 7]
hemH upP1/hemH downP2 Fl erm P1/P2 /47 PCR %
S, FPEER R A4 0 RA ATCC 11845AhemH.,
1.4 RA ATCC 11845AhemH pLMFO03::hemH
R

RA ATCC 11845AhemH pLMFO03::hemH 5]
MR I A R 1y A @22 RSB BRI
T dEaE PCR 4734 H WL hemH , I v 28 it
Hi pLMFO03, #J# R AFR pLMFO03::hemH.,
B A TR AR E Escherichia coli S17-1,
WA T HEEEHEZA00 pg/mL)A LB SEAr
AT EE, FHS1%F hemH compP1/hemH
compP2 i#f7 PCR %5E, % IEHARIBERERD Ny
E. coli S17-1 pLMFO03::hemH . ¥ LK B 5 32 1K B
RA ATCC 11845AhemH U 1:4 R4, BHRA WA
TR I, B B i A KRR, S
B EIRET , IR T 5 FIFE R (50 pg/mL)
FSLAIPE T (1 pg/mL)EI-~FAR B SEf Pk,
5|¥%F hemH compP1/hemH compP2 #£47 PCR 4&
T, BEIEHERRI RA ATCC 11845AhemH
pLMFO03::hemH .
1.5 HKhzk

Fo&: RA ATCC 11845 (wild type, WT), RA
ATCC 11845AhemH (AhemH) Fl RA ATCC
11845AhemH pLMFO03::hemH (AhemHC)E ¥k 435
TE Giolitti-Cantoni [ ¥ (Giolitti-Cantoni broth,
GCB)}5573E L)L I GCB % il 10 pmol/L 2 1 2T 25
[ (haemoglobin, Hb)JR ARG F5 5L i A A%

HARAGBROR - A BERE A I F AR 5, B IBGE &
FAZE GCB WAKE TR A, 4% oD 2 0.1, %
% 20 mL GCB 5% GCB ¥ il 4 ML £1 8 1 (R AR 85
R, BT 37 °C HIRARZLIESR, B2 hills
—K ODygyo, SEEGTEIE 3 WK, LARTIR] A ALFR,
W ODgoo TH RAEFR, 224 K g,
1.6 FEEHEMNZE

¥ AhemH MIAFAR E&IZE GCB WikK: 5=
Frp, % OD M 0.1, % 20 mL GCB i 1AL;
FRHEH, BT 37 °C BEIRGRZEFE, 7EX5 0. 8.
16 h Bt 100 pL, 10 f5#6ERES, B 100 pL
AT IR b, TG, SCREE 3R,
1.7 FRERN R

B EARRWT)FI AhemH MIMLFEAR 2
GCB Wi iAk¥s#5LH, % oD J1 1, # GCB #
PRKEFRIE R SR 2 h, R TEIA . FIZTA S RNA
FEE R G [RAR AR AR (b 30 A PR A Al THEHL
B RNA, FH] NanoDrop 2000 il & RNA 4li%
B J 3% 2 BR A= W) w) A T IR, R A% I
FI5E A2 o 5 s 21 SR Bl 4% 31 NCBI
B R (B 55 SRP409315), 25 5736 1k 3 [H i
AR P<0.01, 225k FL 43 A 7 3L
AAAIE (gene ontology, GO)IIAE & 47 Fl AT #B
R R L R 4H B #F4 45 (Kyoto encyclopedia of
genes and genomes, KEGG)il 1% & 4 71T .
1.8 LEiIAMTAEENEFRNEEE PCR
3 E

g 565 UE 2 Sie 2 24 5 A T R e IR TR AR Y
B SEIERE (UL 2.5), $2HL WT F1 AhemH 1Y
RNA , i B SR REF L ¥ RNA AR 4T 20 pl
TR R 5 R cDNA 43 BB skl v i A
TUERS 10 AR, PG T e LR 1.
i FH 32 9¢ 6 %2 & PCR (quantitative real-time
PCR)FINFE R Fe ik it
1.9 ZitEaih

K A GraphPad Prism 9.4.1 Z4-5( a4k PR

http://journals.im.ac.cn/actamicrocn
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e, IFEL ¢ KB (-tesIER TARTT 20007, 40T
ZERR P<0.05 If TR B G225

2 EREM

2.1 RA ATCC 11845AhemH 1 RA ATCC
11845AhemH pLMF03::hemH Rt

Mg yss B G A ATCC 11845 k7K R40C
RS08070 BB R W Bk G HemH, 5K
FFA HemH Y28 5L/ R IR 37.5%. 0 T #HF5E
AR W RE, AW e AE M g B G AT I
ATCC 11845 B H X2 3 A UEF 1l 26 R I R4 g
IR, ASREEALR hemH up—erm—down Fr BiAE
HJEEY DNA, RAATCC 11845 1 2K, 755
BLREPUERAEAR Bife. g5 RmE 1 R,
i#id PCR BEWEY Y& hemH up—erm . erm—hemH
down R B, ULPARIEELLNL, F HAVEIER,
FH] RA ATCC 11845AhemH BRI R

FH E. coli S17-1 pLMFO03::hemH 1 AR ,
RA ATCC 11845AhemH 17152 14, L 1:4 IRAIE
i 31 N 281 | 8 TR Wb o S YA = S ]
R, B3 RIRE AL TGP T Hrt P-4k
R TR, G5RANEE 2 FR, it PCR RERSH™
W hemH R B, W, RA ATCC 11845AhemH
PLMFO03::hemH [RI#MAFEEERL) .

bp M 1 2 3 4 5 6 7 8

1 PCR%E RAATCC 11845AhemH HYEE K E]
Figure 1 The identification of RA ATCC
11845AhemH by PCR. M: DNA marker; Lane 1-2:

The amplification of hemH up—erm fragment; Lane 3:

Positive control; Lane 4: Negative control; Lane 5-6:
The amplification of erm—hemH down fragment;
Lane 7: Positive control; Lane 8: Negative control.

<l actamicro@im.ac.cn, & 010-64807516
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750
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250
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2 RAATCC 11845AhemH pLMF03::hemH [2]
MK 45 T BBk [E]

Figure 2 The identification of RA ATCC
11845AhemH pLMFO03::hemH by PCR. M: DNA
marker; Lane 1-2: The amplification of hemH fragment;
Lane 3: Positive control; Lane 4: Negative control.

22 HemHZ£5T7TMARZMNEMK

7E GCB K F2 3L ICAMRIM 21 K (432,
SANTE ] AFE LR SRS A K, WA B A B T L B
BEBUNLLER . fE1E FRN, 4 RZHUMLE L
M1 TR S AEAE , 1G98 B ECAT 1 AT LA I
LRI LT P A I R A T AR
1E GCB AKREFEIELU & GCB ARKE FEHEG I
A= MM 218 FI(Hb) AR KSR I HemH 2%
S H5MLA RN E . SRNE 3A PR, FEA
(WT)7E GCB 53834 K B 47, WA H &
AR R RS . SR, SEABRWTHE,
AhemH TE GCB ARG FRH P LP AR, |
R AhemH* K IR HEEABR(WT)— 2 an &l
3B N, RSN T 10 umol/L 4+ Il 4125 11 /9 GCB
WAREFEH A, 5Kk WT . AhemH Fl AhemH*
M RAE B 25

JEE AhemH {E GCB WA R 2 K rp 2 65
E06, FEREFRINEE 0, 8. 16 h TG B IT4L,
ZEINE 4 o, 555 0 /NG PN ECH E
FESS 8 F1 16 /INES 114176 TR EACVE TG W deb 38 o e sk
A, RW AhemH 1§ 520 AE GCB WA S: F7 2
K, 25 RASREY, HemH 254 ER
A
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Oﬂ‘. | L 1 1

WT
- AhemH
AhemH*

t/h

3 T EEHE GCB (A)X GCB & 10 pmol/L 41 F A& 15 H E(B) PRI+ Kz
Figure 3 The growth curves for different strains in GCB (A) and GCB supplemented by 10 pumol/L Hb (B).
The data represents the means£SD from three replicate experiments. **: P<0.01.
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5‘510—
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2 3
R=| 3
2 8F X b 4
>
el
=
wi
Yy
(=]
F 00
4 1 1 1 1 | 1 | 1

t/h

4 AhemH 7E 0. 87016 h HEEH

Figure 4 The viable count of AhemH at 0, § and
16 h. The data represents the means£SD from three
replicate experiments.

2.3 RA ATCC 11845AhemH 46 F4HMF &%
S

HemH J&IM 41 & & Wl f i J5 — 4 i i
it , et ARk O T S 21 2R A R A
B, PRI hemH BUORET, K ICTA A LT &
AT Bk 2 ARk ) FRLUER T 2 AP Joe i)
FEXT AN AS A B, R o it AL
KT, PSR, XA i A AN

o Cin Ly I VLN R T = i I K = R A ]
ok LA DGR, A BRSNS A B2, (W)
Ff 2o X A1 A SRR SR A5 ) SR T G g2
IR B AR EERL AR, A SN SR A
PR WT Fll AhemH 147 % s 4l kil K2 At
SSEAMRARLL, AhemH 45 354 DB FHEER
FiAFE M log, (fold change)>1 Bi<—1], fu$f 199 />
PR, 155 AT IEBEEE 5. hIRiEE
Down regulated (155) © Not changed @ Up regulated (199)

20.0 -
17.5 | i'
15.0 - ?
élm— ?
S 100 ®
?75- g
5.0 - %
P .
0.0 -

-8 6 -4 -2 0 2 4 6 8
log, (fold change)

5 ERREERNLE

Figure 5 Volcano plot of differential expression

genes.
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SR BRI AT SR, BEMLPRE 20 22 RIS
BRI(10 A B JEFEE AT 10 AT REZER), Lo recd
WS, 9O /O S Tk, 45 5L %R0
DI RE T RN L SR 25 R A —BUE(E 6).

Xf 2 SRR SR T GO IREE &£, ok 3
AT IIRE, om0 FEhRe . A YRt B RN 2
MIZH 5y o e B0 3 RN R R A SE R R AR A
PEARIEVE . AR R . AR . AL Sy L 4

A Up-regulated genes in transcriptome

*
g 160 i WT
s 12.0 = i m AemH

$
¢ QQ/QQ/QC;}QQ/QC/QQ/QQ/QQ

vt

RGN

A B AR 7).

KEGG i % & &, B Bk
RN E E RS L AR YA
AL ANFEFREAACEE . RNA FE# . A2 RR/NR
Mg/ R AR AR . i . ABC #eiz
i, R G 5 el Uk RA
Y. MR A m k(A 8A), BE T MK
REER B E B E R . AR . K

Down-regulated genes in transcriptome

_.
n

sk kkk Rk gk kk Rk kR kk %
[ } m [} i i m m m

%
Iz

—
=]

%Q c\)Q @Q 5% $Q 5% 5Q %Q cp Q’Q
FELELELEEEE ¢
P C/QC/QC’/ Q/QQ/Q(J/ C/QC‘/

SRR RN

=
h

Relative fold change @

=
=)

6 EIEAFTEEEB)MEMTLEE PCR WIELER
Figure 6 Quantitative real-time PCR verification results of up-regulated genes (A) and down-regulated genes
(B). The data represents the means=SD from three replicate experiments. *: P<0.05; **: P<0.01; ***: P<0.001.

270 m
144 f

[ I .-
—_— =]

Gene number in term

7 ERREBEE GO MEEEE N

1013 m Biological process
0.07 5 = Molecular function
0.04 .= m Cell component
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0.01
0.01
0

erm

Ratio of gene number

0
0
0

Figure 7 GO functional enrichment analysis of differential expression genes.
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Metabolic pathways

Biosynthesis of secondary metabolites
Microbial metabolism in diverse environments
Tryptophan metabolism

Alanine, aspartate and glutamate metabolism
Biosynthesis of various antibiotics

Carbon metabolism

RNA degradation
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ABC transporters

FoxO signaling pathway

Cell cycle-Caulobacter
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Up-regulated genes KEGG pathway enrichment
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Environmental information processing
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Down-regulated genes KEGG pathway enrichment

Metabolic pathways

Oxidative phosphorylation

Biosynthesis of secondary metabolites
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Microbial metabolism in diverse environments
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Carbon fixation pathways in prokaryotes
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ABC transporters
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B8 LEiFER@MTIEERE®B)H KEGG BERER T
Figure 8 KEGG pathway enrichment analysis of up-regulated genes (A) and down-regulated genes (B).

AR A A . PR EY G R IR
PIA R, BRACHE . BRI . RGN .
ABC Fafk . ZACHE. P beam A 2 m Gt
SR PR (] 8B). LA R UL, HemH 64K J5 5210
Tz 2R hsE.

3 WwE5E®h

2t R 22 B T T 2 1M 21 3R DA & D A
8l AR RS 2855 . 7EAHESIY)
e, IMLZEE R T R R ERAE A, R 5
VA R AR TR A el LE R B B
I A AR L AL AT 3R oK, (R

ZRMLLR X MR A TR, MARAL | L
R AR 7 4 N R S50 250 A1 T 3 AN [+
P (1 SR BT 170100 O T R A M 41 3K
PES, S FTHBT LR R G, AR5
He . B A AR D . ) an 4 9 6o 4 BR
(Staphylococcus aureus)F| XLy Z4: HssRS
BLMLLR , JPHE S A M R S HitAB,
HrtAB K L2123 HE tH 540 SRAERR B8 (Clostridium
difficile) ) FET T HsmR 8V I 21 & 3505 5
1 HsmA DIZEA ML ERDY; & AR A
J11 1sdG il Isdl IfiL £1 3 4 A4 D PAY 1 1 20 3R e
iR O B R
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TES 22 UG I ATCC 11845 &bk,
RAOC_RS08070 & FI RNk A HemH, ©
Al HemH J&7E ML R & A I fm — 20 h & 455
RE, Kk SRk A T AL 2T 2 o 378 H
XS 43T, hemH DR ZE RS 32 HL ECAT 1A v i) [m] D5
A, N 95.53%-99.51%. i S E B AT 1R
BRI AR K, BB 2T o AR KRR
SR, T e 7t T LA AT R R L3R GE .
AW T hemH KR B Ak K [m] # ik
H5 AR T GCB & GCB #4124
PR SR I P A KL . 25 R %M, hemH
SR BRRTE GCB WA FREP ALK, 75
GCB 1 10 pmol/L 4 Ifl £1 88 [ i A 45 77 3 v
PR A . IEEE AL ULEH , HemH 2 55 HLIG
FRETH 2T R A

hemH FERGK G, BRANPHRSZ LR,
Xof 24 A 12 SR A 7 A A o TS HEL AT TR KAk
BT RN EE PR R ML R 58 A 4 7 o AR B 5 F
—HWET hemH FERI R 4 SR ARk
L, hemH BIAR RN E] 199 4~ 2% 13
K, 155 M@ TEE . JEH7 GO DiREE %4
Mrgdl, FEAEPIERETIRE . AT shFEY)
S T s YT KEGG Wi E %0 A3,
hemH B2k 3292 0 2 A R4S . AR
PG . AR 56 M. ABC #5158 R4t .
e . BrAERAEM AN .. FRH . [F5158%.
AL R AL A — R IR IR IR IR A% . 7E 3 LI
HHEP, WE S5 AN Dps
(RAOC_RS07980)*" it AL A EFHRAOC_RS07955,
RAOC_RS01155) . — % 1k A & W i (RAOC_
RS09520) F1 Il £1. 2 45 & #& 11 (RAOC_RS06720,
RAOC_RS01500) , = 5 #k i #% & Ml 19 & A
(RAOC_RS06695), 254" DNA KJ DNA 455
1 (RAOC_RS01785, RAOC RS09730, RAOC
RS01850, RAOC_RS00850), FH 5k TG

<l actamicro@im.ac.cn, & 010-64807516

(MFS)#MIEZE I1(RAOC_RS03055), ATP 4544
i Z2 G (ATP binds the box superfamily, ABC)#%iz
H(RAOC_RS06825, RAOC_RS04300, RAOC
RS03430), 8 4A P fLEF(RAOC_RS08180)F!
ATP Jifi(RAOC_RS08525, RAOC_RS07245, RAOC_
RS09940)5% . H WFFE il , MFS ZK% & F fl ATP
fiti 2 5 4kaum £ R S, B0 B FE VDT IR TA
(Salmonella typhi)"f' i) MFS FEAMER IceT =
SERB T RISMERS, SRAERR B i MFS SR
[1 HatT 2 5 M40 R ASMIERY, 4 AR A
W) ATP [ HrtA FIEEE HetB 3R 212 4
HNHERS B BR T (Streptococcus) T B ATP [iff PmtA
S 5PEF R MEEN HL, 755 FIEK
R, A RS SN R Rk, R
TEJG SR B — %0

R TR, oGS S5PRAERR
W 1% 52 4 4 TR T A4 il (RAOC_RS04550, RAOC

RS04535, RAOC_RS04560, RAOC_RS04540, RAOC _
RS04515, RAOC_RS04530, RAOC _RS04565, RAOC
RS04520, RAOC_RS04545, RAOC_RS04585, RAOC
RS04525, RAOC RS04570, RAOC _RS04580, RAOC
RS04890, RAOC_RS04885, RAOC_RS04880). 4fi

i {5, 25 AL B (RAOC_RS07000, RAOC_RS07020,
RAOC_RS07005, RAOC_RS02380). #kifEisi
M (RAOC_RS09500) . &5 = R BRI ¥ 1) il
(RAOC_RS07915). 4:JE%%i2HEH(RA0C_RS04320,
RAOC RS05615, RAOC RS02395)% ., ifid GO
NEEEE MM KEGG 18 & 50 & B,
hemH )5, XHRH . —RBRIGH . 55158
s R ER . 28 ERTR, 4 hemH
R SE, S HFRAERRMLL R Z , ST
VER R 2E AL, ATz fCisG 3, —DRIRIG 3
85, TRl bt i £L R A5G W ol . i Tk
MRIRER 2277 2B A AR LB 1, T B i 4 R
HMHESE . AR R A SRR A

B2, AHREET HemH S 5L R
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B, KN B3 HT T RANR, hemH BRISHR L
FAL, RILT hemH WK AT R BN B #05
BFEUCE, D& NACH AR, X O ST B
FCHF R HY HemH FY D) BEBEE LA .
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