(G

Acta Microbiologica Sinica

2023, 63(12): 46064624
http://journals.im.ac.cn/actamicrocn b
DOI: 10.13343/j.cnki.wsxb.20230268 mEATES

Research Article Bitik=s

AT FASEFAHAEEFR K E (Alcanivorax)
kel X R T =

FTT, b, KEW, EAE, BHFRE

AR GTIREREE =Rt TE B W R PRI S R S, AR JET] 361005

FFT, Aot sKABE, EITMG, BRAREE. AT SRS R4 A0 U A e 1 (Alcanivorax)be i AR R S ISR (1], SR
Yr=EAl, 2023, 63(12): 4606-4624.

WANG Zining, WEI Guangshan, ZHANG Xiyan, WANG Wanpeng, SHAO Zongze. Regulation of alkane metabolism in
Alcanivorax based on transcriptome and translatome[J]. Acta Microbiologica Sinica, 2023, 63(12): 4606-4624.

i E: [89)] 2RAAEFREERRE T, TBRAHAEIBA FENFR . KR D
AN H] 4% T A B K P LA R ey AdEids2. [FiE] 250 TBAE+ SIR(C16) 4R
— B R 5 AR, KIS A% H (Alcanivorax dieselolei) B5 B #k 49 45 A Fofnid R 4038, A HK
W BRI A 2 AP ARORIZ RS T AR 6980 R . KA KL E AR (gene ontology, GO)F= %
AR A E Ao L 285 #H4  (Kyoto encyclopedia of genes and genomes, KEGG)% £ 5+ &85 fn 15 2 & AL
BT s A Xaftid sz 8. (4 R]1 S04 Cl6 AE—aOR 540R AT, BS BB RME 2
(AR ERZEFERPFHRTRI;, QBB ERAH. @ILEE P450 BB, BERLAM
FB LA B % . KEGG & R4 RAY, #MFKFRELRAARAL T REELAME K. RS
fE. ARBBETEM . BABRBAILF A YR mF B R, BFRE LR AR TG R ERBKRES
VAR IK 0 A M A v, BACEEBR AL Ao A0 A I B BR 04 A M A s iR 42, it dh KA Fe B 40 0 BE
SATRT, AHTEEKBREAL, BS AR TR EMFTAE; BS £ 2 HBRREREHT
AAZKFEEFLEHINRMXM; 2FHZEAT ET CsrA 2 sRNAs A5 a94t R 5 A4%
BRFRTRBRHPMXABOIFERE LR, (L8] T AFTFHRIE QIS RN
FERESLAL T RRE RBRS TR, KR A —FEA R A BRI 64 F 5 R4
BT A,

XHEIE: RMRAKA; KEBEEM; x4 BiFa; BiEsE

F R

o e o

S

VTR AR EE 1 ORRIEE 4 (2021002015): [T 4R VER IS 8 TR 50 R AL % 9% L T 42(2023021)
This work was supported by the Natural Science Foundation of Fujian Province (2021J02015) and the Scientific Research
Foundation of Third Institute of Oceanography, Ministry of Natural Resources (2023021).

*Corresponding author. Tel: +86-592-2195201, E-mail: wangwanpeng@tio.org.cn

Received: 2023-04-16; Accepted: 2023-07-05; Published online: 2023-07-12



ETTE | MEIR, 2023, 63(12) 4607

Regulation of alkane metabolism in Alcanivorax based on
transcriptome and translatome

WANG Zining, WEI Guangshan, ZHANG Xiyan, WANG Wanpeng*, SHAO Zongze

Key Laboratory of Marine Genetic Resources, Third Institute of Oceanography, Ministry of Natural Resources,
Xiamen 361005, Fujian, China

Abstract: [Objective] Alcanivorax is a genus of dominant hydrocarbon-degrading bacteria in
the marine environment, and the knowledge about the regulation mechanism of its alkane
metabolism is limited. This study aims to decipher the regulation mechanism of alkane
degradation by Alcanivorax at both transcriptional and translational levels. [Methods] The
transcriptome and translatome data of A. dieselolei BS grown in the medium with n-hexadecane
as the sole carbon and energy source were obtained. The changes in the gene translation
efficiency were calculated with sodium acetate as the control. Gene ontology (GO) and Kyoto
encyclopedia of genes and genomes (KEGG) enrichment was performed for the differentially
translated genes (DTGs) and differential translation efficiency genes (DTEGs). [Results] Both
the transcriptional and translational levels of the key genes involved in alkane metabolism were
significantly up-regulated when A. dieselolei was grown on n-hexadecane. These key genes
mainly encoded alkane monooxygenase, cytochrome P450 oxidase, alcohol dehydrogenase, and
aldehyde dehydrogenase. KEGG enrichment analysis revealed that the up-regulated DTGs were
involved in peptidoglycan biosynthesis, fatty acid degradation, chloroalkane degradation,
oxidative phosphorylation, biofilm formation, etc. DTEGs were mainly involved in the
biosynthesis of siderophore non-ribosomal peptides, oxidative phosphorylation, biosynthesis of
unsaturated fatty acids, etc. The combined analysis of transcriptome and proteome data showed
that A. dieselolei efficiently coordinated the transcription and translation processes to adapt to
alkane oxidation. The gene expression level and translational efficiency showed a negative
correlation under both culture conditions. The global protein regulators CsrA and sRNAs may
be involved in post-transcriptional regulation of genes involved in alkane metabolism, leading
to differences in the translational efficiency. [Conclusion] The combined analysis of
transcriptome and translatome data suggested that post-transcriptional regulation was involved
in the alkane metabolism of A. dieselolei. This study underpins further exploration of the
post-transcriptional regulatory mechanisms controlling alkane metabolism.

Keywords: Alcanivorax dieselolei; alkane degradation; transcriptome; translatome; translation
efficiency
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R SRIE, WOA A RS B R AT
—80 °CHARIRIKAT . S T BT BHPEAEfh , B
ZHFE i B R B R 3R 20 B KB (ODeoo M
0.5-0.6))7 , [MIEFREEP A E R BLWKE N
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IMELEE BS BN A o A T Bl e SeA B 1 7
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SRy I 35 2% AR IR B A (differentially expression
genes, DEGs), U log, FC>1 7€ b 3% FIHFERA
log, FC<—1 5 SUN i 3 R JRSE R P,

35454 Ribo-seq & 4R B s & o i
fastp 1T UMK R A reads, RJG LBREGH 50%
DA B AR BT Bl Bl 10% LA F NS (4 S 46 reads
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#| rRNA %(¥&% . GenBank. Rfam #(#E & il
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snoRNA FI miRNA {9 reads Hlfk. AFEHY
RNA-seq reads it STARPS KL [R4H 47 He
XF, B ELRR X R MBS RNAs, A5
MR 5 A BRI AT RFs 2 BRI A [A] )
Ko R TIRBIARIFEA L 2 1] 1 25 55 R 2 I
f§i /] T DESeq2 M4 |log, FC>1 H FDR<0.05
1 BE Rl e SCOR i 35 22 S5 R R K] (differentially
translated genes, DTGs), L) log, FC>1 & X N &
2 LI, log, FC<—1 & CRH B2 T IHAENR
SRJE X DTGs #E47 GO Hl KEGG i #% ) & 5 73
Mt , H-5 45 5 5. 7~ 7F Omicshare [ 3 (http://www.
omicshare.com/tools) I .

T A PT8543N i 2
R AT EEPE RIS E M o TR A Z ] A AH G R
2, DIVENAESL Z R E A . A OC R B
1, 2 AT ) A PR R

FRROR & — AL A B2 mRNA 5 48
mRNA L E", AW

#z1 BikE BS EAMEIE T HEREALKIESIT
Table 1

TE=(RPKM in Ribo-seq)/(FPKM in RNA-seq).
TR TE, J OB AS TN 1) 1 22 57
N T o3 B BRI R KK P 5 BPR R R K
%, RH RiboDiff "X A [FIFEA 41 i) 2 5 B
BCRIEH AT T2, DL |log, FCP>1
H FDR<0.05 fY3E K& R i 2 5 TRl
FL[H (differentially translation efficiency genes,
DTEGs).DTEGs (1) GO fl KEGG &4E /(A I

2 #RE53%#

2.1 FESRAFNERIFLEBUR LA

BT NMlumina PFFF 53845 1 580 &2 be A
BS fEke ke IR C16 MARLE R IREE NaAc Fi R 4%
PN B e s AN R A O o 75 30 Y e s A s
i fastp KBRSk 78I HUL T & reads 7, 3t
AT 6 534 J1 45 RNA-seq clean reads (£ 1)f13t
23 039 J1 4 Ribo-seq clean reads (% 2)  RNA-seq
i clean reads Q20 A1 Q30 43 Fll ¥ 1 96%F11 92%,
Hrp 96.88%-98.23%01) clean reads ¥4 5 {v 51| BS
FE[HZH . Ribo-seq ¥ clean reads Q20 F11 Q30 43
i 95%M 91%, H 87.19%-97.98%H)
clean reads # € i3] B5 A4 .

RNA-seq Fl Ribo-seq %#i 14 3 m 4353 Bt
(principal component analysis, PCA) (¥ 1A | 1B)
A LIAREF B X 4> NaAc Al C16 R HUFESY, 18
LR 2 MRS TP R BE R, AR 2 A
B b 22 18] 4 52 JR 7k (Pearson) A ¢ R 8, FRff X

Statistic on the RNA-seq data under two carbon sources of Alcanivorax B5

Samples Raw reads Clean reads (%) Q20 (%) Q30 (%) Mapped reads (%)
NaAc-1 11611610 11513 638 (99.16) 96.54 92.47 96.99
NaAc-2 10 425 322 10 328 884 (99.07) 96.51 92.39 97.05
NaAc-3 11340 124 11 244 724 (99.16) 96.54 92.57 96.88
Cl6-1 9410 582 9353 550 (99.39) 97.24 93.44 98.23
Cl16-2 12 602 948 12 526 992 (99.4) 97.11 93.29 97.97
C16-3 10438 676 10 375 788 (99.4) 97.19 93.45 97.96
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Table 2  Statistic on the Ribo-seq data under two carbon sources of Alcanivorax B5

Samples Raw reads Clean reads (%) Q20 (%) Q30 (%) Mapped reads (%)
NaAc-1 51220208 51102 558 (99.77) 98.32 95.41 96.19
NaAc-2 52968 115 52 812 708 (99.71) 98.32 95.45 97.98
Cle6-1 70 937 999 69 902 228 (98.54) 95.06 91.53 94.14
Cl6-2 57731 813 56 573 277 (97.99) 95.65 91.99 87.19

Raw reads: Number of reads in raw data; Clean reads (%): The number of effective data reads obtained after filtering
low-quality reads and the percentage of raw reads; The Q20 and Q30: The corresponding reads’ ratios of the base call accuracy
>99% and >99.9%, respectively; Mapped reads (%): Ratio of reads aligned to the reference genome.

A PCA B PCA
25000 _@ 50 000 ‘-?‘BWC16 ) )
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2 g
= S
= ®,
o —25000+ =
&) $) 0
(=5 [=%
@ WNaAc o
_ L @ 1
50 000 WCl6 55000 F
L @ L L O L 1 L
-100 000 0 100 000 —100 000 =50 000 0 50 000 100 000
PC1 (92.5%) PC1 (87.2%)
& RNA-seq D
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1.0
WCle-2 0.975 ! 0.9
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E 1 RNA-seq #1 Ribo-seq H1E £ i 7 75 A1 RARME KM

Figure 1 Principal component analysis and Pearson correlation for RNA-seq and Ribo-seq data. A:
Principal component analysis of RNA-seq data for NaAc and C16 samples. B: Principal component analysis
of Ribo-seq data for NaAc and C16 samples. C: Correlation analysis of RNA-seq data of NaAc and C16
samples. D: Correlation analysis of Ribo-seq data of NaAc and C16 samples.
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L REEEESEN, mRNA 5 FHH)
AL A5 B 1 X A R R A S A TR E DI RE Y
EFEPT, AR, mRNA 2B U 2 R A K
SEIEA BRARDCHY, RS R A R
B R R PR AR R AR RS AS 5 kY, i
A HN RN BRI B S R AN
FEIRARARIE R E, I 22 s DR 2R B RN
FEE SR WA 4 Z (B A G R Ik . 5 R &
M5 NaAc AR, Cl6 B3R 400 T K54 %
AR AT Z 18] B9 K R BRAH G R AN 0.748 8
HmE] 0.945 3 (K 3A., 3B), BiHHLIBELE A
— TR S REIR AR IR AR T BS (L SRl
SRR EIE AR, b T BN R IR EE BS
BT R PR i SR 5 R R R

B2 Up-regulated

BE= Down-regulated
500 489

422

Number of genes

RNA-seq Ribo-seq

2 FERIE TE# BS BIEKHZKASEFERFKITE®B)

Figure 2 Growth curves (A) and statistical maps of differential genes (B) of strain B5 under different
carbon sources. A: Growth curves of strain B5 cultured with NaAC or hexadecane (C16) as the sole carbon
source. Error lines represent the standard deviation of three sets of biological replicate samples. B: Number
of genes differentially expressed at the transcription or translation level under different carbon sources. The
red histogram represents the number of up-regulated genes, and the green histogram represents the number of

down-regulated genes.
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Figure 3 Correlation plots of RNA-seq and Ribo-seq under different carbon sources of strain B5. A:
Correlation analysis between RNA-seq and Ribo-seq data of NaAc samples. B: Correlation analysis between

RNA-seq and Ribo-seq data of C16 samples.
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Figure 5 GO enrichment analysis (A) for all DTGs and KEGG pathway enrichment analysis (B) for

significant up-regulated DTGs under the growth of two
DEGs in the Ribo-seq data of the C16 compared to

carbon sources for strain B5. A: GO annotation of the
NaAc conditions. The red histogram represents the

number of up-regulated genes, and the green histogram represents the number of down-regulated genes. B:
KEGG pathway enrichment of significantly upregulated DEGs in the Ribo-seq data of the C16 compared to

NaAc conditions.

PRIR G B A 2 mT AL E B D7 2 L 1B
Wi AN 5 K A IR A 6 B Y Ik vh &2
ZRI X FHLERE . FE R RS X R 41 hL
RIE S T R MR A A BT

B R Z2 B Y i B B i A S B A
BRI 1, HA= )5 i R TR A
JIRA UG S O Wk B B T AR R R
FR R BB T [ 4 0 2 5 1 A i ke 4 A ) o fp o

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



4620 WANG Zining et al. | Acta Microbiologica Sinica, 2023, 63(12)

A Cellular process 138/84 B Up
Single-organism process 130/84
Metabolic process 128/80 ® Down

Localization
Cellular component organization or biogenesis
Response to stimulus
Biological regulation
Regulation of biological process
Developmental process
Negative regulation of biological process
Reproduction
Multi-organism process
Multicellular organismal process
Signaling
Detoxification
Growth
Positive regulation of biological process
Locomotion | 3/1
Reproductive process | 3/0
Cell killing | 1/1
Immune system process | 2/0
Biological adhesion | 0/1 i i ; ;
0 50 100 150 200 25
Gene number

110/71
105/65

Biological process

GO term

Catalytic activity

Binding

Transporter activity

Nucleic acid binding transcription factor activity
Electron carrier activity

[ VSRR [V RPN DR .

- function

Cell part 81/54
Cell 81/54
Membrane 65/38

Organelle part [l 5/14
Extracellular region | 2/5
Nucleoid || 4/0

‘ellular co

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



TFT4 | e, 2023, 63(12)

4621

Pathway

Biosynthesis of siderophore group nonribosomal peptides

Oxidative phosphorylation

Microbial metabolism in diverse environments
Sphingolipid metabolism

Tyrosine metabolism

Biosynthesis of unsaturated fatty acids

ABC transporters

Phenylalanine metabolism

Naphthalene degradation
Glycolysis/Gluconeogenesis

Sulfur metabolism

Nitrogen metabolism

RNA polymerase

NOD-like receptor signaling pathway

Citrate cycle (TCA cycle)

Degradation of aromatic compounds
Biosynthesis of various secondary metabolites
Basal transcription factors

Photosynthesis

Chloroalkane and chloroalkene degradation

KEGG enrichiment

- Gene number
.1
®9
® 17
® 25
« @33

—log,, (O value)

1.50
125
1.00
0.75
0.50
0.25

0.2

04 06 08 1.0

Gene ratio

Bl 6 BSEZEMMBIREEKSEHT DTEGs ) GO ;¥ (A)5 KEGG E5(B)

Figure 6 GO annotation (A) and KEGG enrichment (B) of DTEGs under the growth of two carbon sources
for strain BS. A: GO annotation analysis in the DTEGs of the C16 compared to NaAc conditions. The red
histogram represents the number of up-regulated genes, and the green histogram represents the number of
down-regulated genes. B: KEGG pathway enrichment analysis in the DTEGs of the C16 compared to NaAc

conditions.

TR, X G AE Atk B i TR bt AT i . 1A
U1, Denaro M0 JF 1% £ 4% (Alcanivorax
borkumensis) SK2 43 i) 8% 2% /& amphibactin 7]
DA 240 T 7 2k R ) A 355 R 45 10 T 4R R R R A 1

BOE , Gauglitz 25113 B B 9N A Vibrio sp. S4BW
77 R M AT R S 21K ochrobactins-OH
AT DA SE 40k s A S ke i FL AL . B BE B BS
P Z T RFE MR EEN 2SS, Rl

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



4622

WANG Zining et al. | Acta Microbiologica Sinica, 2023, 63(12)

SEACIER e R AR M 21 2K BB A ALKB, [A]
WA T R AR T e e M v R Bk B ARG
R, BREH BS 7 BRIAH 2 AR EA . B
RO B BR B AR A IR 19 A2 45 g A2 vl e
JEEBER BS FI FHBEIE I RAFSRmG . AN, Ak
WRTRAL . WHTRE A S IR AR A S DX Y 25 53 B 1R K
AR WL 5 R T BS 78 2 R I 1 57 4%
R REE AT L

3 &

ARBIFGE 1 YR 15 B ot K o A TR o PR R A T
TSR SEEA S, R T 242558
PR B RESE I B F R RAE, AR
PR AR R 4 2o R AR AL T EE K

(1) Beke Ay ME— B IR 5 RE R 1Y) 15 5% o5 1F 5
T BS A% FIFE S R A L #2, BS
kT N R P B A A R T SR S R
AR . BS [ BIRASCR 5 e s T B 2 ) B A ¢
FHI Bl A LR R IR A4, DR A Bk
R FEAR

(2) B5 Bk 00 5 st Fn B AT o0 &
B, A7 3 AT REE LR A AR Ok 7 T A
AP R 32 5 11 B5T_00290 . B5ST 02536 i
B5ST 02604, LA K n] GEIE ] B #8 T e B i 5
X exaA BHIFENFEAVAIEE PQQ S HUEM .. 2R
FE T AF CsrA Fl sSRNAs 1] 5 o 7 45 3k
DRI 2 S I 1) B3RS B o B B0 T e ke ARl i 4%
B BE IR 1) 22 5 B AR

(3) GO &EHENMER T BS bl &4
TRFESMFEAEERENS S 7
B AT IOIRE AN sy . BIFOKF B L
HH KEGG BHEaHrin 75 BS el
JEA GBI AR, B R ZE RN KEGG
LR T BS ANRBRIERE I 5145 5t 5 i 1
A 3 1

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

B, X OB SE I B be e BS 7EkE
R U e R i AR gt T RS
WG IR | B AR E 2R %
WE A B Tt — 2 RS B S R i T 9 e )
W& A AL

Sk

[1] READMAN JW, FOWLER SW, VILLENEUVE JP,
CATTINI C, OREGIONI B, MEE LD. Oil and
combustion-product contamination of the Gulf marine
environment following the war[J]. Nature, 1992,
358(6388): 662-665.

[2] mbesE, Fon, BMF, KikE, Zi%E, B

AT A e T AL TS e SRR RIS R 0] AR T,
2015, 44(12): 2814-2817.
GAO XP, DU XY, LI XC, ZHANG HZ, NIE SJ,
YANG B. Research progress of treating contaminated
soil with oil-degrading bacteria[J]. Contemporary
Chemical Industry, 2015, 44(12): 2814-2817 (in
Chinese).

[3] FESAHR, BRM, XK, R30I frilkis g e
AR R o T A A R R R
“£3E AR, 2015, 42(5): 944-955.

TANG JC, LV HH, LIU QL, ZHU WY. Recent review
on the microbial molecular

ecology  during

contamination and remediation of petroleum
hydrocarbons[J]. Microbiology China, 2015, 42(5):
944-955 (in Chinese).

[4] KOSTKA JE, PRAKASH O, OVERHOLT WA,
GREEN SJ, FREYER G, CANION A, DELGARDIO J,
NORTON N, HAZEN TC, HUETTEL M.
Hydrocarbon-degrading bacteria and the bacterial
community response in gulf of Mexico beach sands
impacted by the deepwater horizon oil spill[J]. Applied
and Environmental Microbiology, 2011, 77(22):
7962-7974.

[5] LIU CL, SHAO ZZ. Alcanivorax dieselolei sp. nov., a
novel alkane-degrading bacterium isolated from sea
water and deep-sea sediment[J]. International Journal
of Systematic and Evolutionary Microbiology, 2005,
55(3): 1181-1186.

[6] WANG LP, WANG WP, LAI QL, SHAO ZZ. Gene
diversity of CYP153A and AlkB alkane hydroxylases
in oil-degrading bacteria isolated from the Atlantic
Ocean[J]. Environmental Microbiology, 2010, 12(5):
1230-1242.



TFT4 | e, 2023, 63(12)

4623

[7]

[10]

[14]

[16]

[17]

WANG WP, SHAO ZZ. Diversity of flavin-binding
monooxygenase genes (AlmA) in marine bacteria
capable of degradation long-chain alkanes[J]. FEMS
Microbiology Ecology, 2012, 80(3): 523-533.
WANG WP, WANG LP, SHAO ZZ. Diversity and
abundance of oil-degrading bacteria and alkane
hydroxylase (alkB) genes in the subtropical seawater of
Xiamen Island[J]. Microbial Ecology, 2010, 60(2):
429-439.
LIU CL, WANG WP, WU YH, ZHOU ZW, LAI QL,
SHAO ZZ. Multiple alkane hydroxylase systems in a
marine alkane degrader, Alcanivorax dieselolei B-5[J].
Environmental Microbiology, 2011, 13(5): 1168-1178.
DUTTA TK, HARAYAMA S. Biodegradation of
n-alkylcycloalkanes and n-alkylbenzenes
pathways in Alcanivorax sp. strain MBIC 4326[J].
Applied and Environmental Microbiology, 2001, 67(4):
1970-1974.
WANG WP, SHAO ZZ. The long-chain alkane
metabolism network of Alcanivorax dieselolei[J].
Nature Communications, 2014, 5: 5755.
WEI GS, LI SJ, YE SD, WANG 2N,
ZARRINGHALAM K, HE JG, WANG WP, SHAO ZZ.
RNAs landscape provides
alkane adaptation in the marine
Alcanivorax dieselolei  B-5[J].
International Journal of Molecular Sciences, 2022,
23(24): 15995.
INGOLIA NT, GHAEMMAGHAMI S, NEWMAN
JRS, WEISSMAN JS. Genome-wide analysis in vivo of
translation with nucleotide resolution using ribosome
profiling[J]. Science, 2009, 324(5924): 218-223.
LI GW, BURKHARDT D, GROSS C, WEISSMAN JS.
Quantifying absolute protein synthesis rates reveals

via new

High-resolution small

insights into

alkane-degrader

principles underlying allocation of cellular resources[J].
Cell, 2014, 157(3): 624-635.

WEINBERG DE, SHAH P, EICHHORN SW,
HUSSMANN JA, PLOTKIN JB, BARTEL DP.
mRNA
measurements provide insights into dynamics and

Improved ribosome-footprint and
regulation of yeast translation[J]. Cell Reports, 2016,
14(7): 1787-1799.

LOVE MI, HUBER W, ANDERS S. Moderated
estimation of fold change and dispersion for RNA-seq
data with DESeq2[J]. Genome Biology, 2014, 15(12):
550.

ASHBURNER M, BALL CA, BLAKE JA, BOTSTEIN

D, BUTLER H, CHERRY JM, DAVIS AP, DOLINSKI

[18]

[19]

(20]

(21]

[25]

[27]

K, DWIGHT SS, EPPIG JT, HARRIS MA, HILL DP,
ISSEL-TARVER L, KASARSKIS A, LEWIS S,
MATESE JC, RICHARDSON JE, RINGWALD M,
RUBIN GM, SHERLOCK G. Gene ontology: tool for
the unification of biology[J]. Nature Genetics, 2000,
25(1): 25-29.

KANEHISA M, GOTO S. KEGG: Kyoto encyclopedia
of genes and genomes[J].
2000, 28(1): 27-30.

SONG Y, SHIN J, JIN S, LEE JK, KIM DR, KIM SC,
CHO S, CHO BK. Genome-scale analysis of syngas
fermenting acetogenic bacteria reveals the translational
BMC

Nucleic Acids Research,

regulation for its autotrophic
Genomics, 2018, 19(1): 1-15.
SHIN J, SONG Y, KANG S, JIN S, LEE JK, KIM DR,
CHO S, MULLER V, CHO BK. Genome-scale analysis
of Acetobacterium woodii
regulation of acetogenesis[J]. mSystems, 2021, 6(4):
€00696-21.

BEZRUKOV F, PRADOS J, RENZONI A,
PANASENKO OO. MazF toxin causes alterations in
Staphylococcus aureus transcriptome, translatome and
proteome that underlie bacterial dormancy[J]. Nucleic
Acids Research, 2021, 49(4): 2085-2101.

CHEN SF, ZHOU YQ, CHEN YR, GU J. Fastp: an
ultra-fast all-in-one FASTQ preprocessor[J].
Bioinformatics, 2018, 34(17): i884-1890.

LANGMEAD B, SALZBERG SL. Fast gapped-read
alignment with bowtie 2[J]. Nature Methods, 2012,
9(4): 357-359.

PERTEA M, KIM D, PERTEA GM, LEEK IT,
SALZBERG SL. Transcript-level expression analysis
of RNA-seq experiments with HISAT, StringTie and
2016, 11(9):

growth[J].

identifies translational

Ballgown[J]. Nature Protocols,
1650-1667.

DOBIN A, DAVIS CA, SCHLESINGER F,
DRENKOW J, ZALESKI C, JHA S, BATUT P,
CHAISSON M, GINGERAS TR. STAR:
universal RNA-seq aligner[J].
29(1): 15-21.

ZHONG Y, KARALETSOS T, DREWE P,
SREEDHARAN VT, KUO D, SINGH K, WENDEL
HG, RATSCH G. RiboDiff: detecting changes of
mRNA  translation efficiency from ribosome
footprints[J]. Bioinformatics, 2017, 33(1): 139-141.
KAGE U, POWELL JJ, GARDINER DM, KAZAN K.

Ribosome profiling in plants: what is not lost in

ultrafast
Bioinformatics, 2013,

translation?[J]. Journal of Experimental Botany, 2020,

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



4624

WANG Zining et al. | Acta Microbiologica Sinica, 2023, 63(12)

[30]

[31]

[34]

71(18): 5323-5332.

SONENBERG N, HINNEBUSCH AG. Regulation of
translation initiation in eukaryotes: mechanisms and
biological targets[J]. Cell, 2009, 136(4): 731-745.
KUSNADI EP, TIMPONE C, TOPISIROVIC I,
LARSSON O, FURIC L. Regulation of gene
expression via translational buffering[J]. Biochimica et
Biophysica Acta (BBA)-Molecular Cell Research,
2022, 1869(1): 119140.

MCMANUS CJ, MAY GE, SPEALMAN P,
SHTEYMAN A. Ribosome profiling reveals
post-transcriptional  buffering of divergent gene

expression in yeast[J]. Genome Research, 2014, 24(3):
422-430.

MALYS N, McCARTHY JEG. Translation initiation:
variations in the mechanism can be anticipated[J].
Cellular and Molecular Life Sciences, 2011, 68(6):
991-1003.

R, SR sk, R, R, HAE
Y mRNA B R GHLRIOE I3 R 1], #1%, 2018,
40(8): 607-619.

ZHENG CX, MA XF, ZHANG YH, LI HJ, ZHANG
GF. Research progress in the mechanism of translation
initiation of eukaryotic mRNAs[J]. Hereditas, 2018,
40(8): 607-619 (in Chinese).

BANAT 1IM, FRANZETTI A, GANDOLFI I,
BESTETTI G, MARTINOTTI MG, FRACCHIA L,
SMYTH TJ, MARCHANT R. Microbial biosurfactants
production, applications and future potential[J].
Applied Microbiology and Biotechnology, 2010, 87(2):
427-444.

NAETHER DJ, SLAWTSCHEW S, STASIK S,
ENGEL M, OLZOG M, WICK LY, TIMMIS KN,
HEIPIEPER HIJ. Adaptation of the hydrocarbonoclastic
bacterium Alcanivorax borkumensis SK2 to alkanes
and toxic organic compounds: a physiological and

transcriptomic approach[J]. Applied and
Environmental Microbiology, 2013, 79(14):
4282-4293.

BARBATO M, SCOMA A, MAPELLI F, de SMET R,
BANAT IM, DAFFONCHIO D, BOON N, BORIN S.
Alcanivorax exhibit
different physiological and expression responses to

Hydrocarbonoclastic isolates

n-dodecane[J]. Frontiers in Microbiology, 2016, 7:

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

[37]

[38]

[39]

[42]

2056.
QIAO N, SHAO ZZ. Isolation and characterization of a
novel

biosurfactant produced by

hydrocarbon-degrading bacterium Alcanivorax
dieselolei B-5[J]. Journal of Applied Microbiology,
2010, 108(4): 1207-1216.

DONADIO S, MONCIARDINI P,
Polyketide synthases
synthetases: the emerging view from bacterial

Natural Product Reports, 2007, 24(5):

SOSIO M.
and nonribosomal peptide
genomics[J].
1073-1109.
HUO LJ, HUG JJ, FU CZ, BIAN XY, ZHANG YM,
MULLER R. Heterologous expression of bacterial
natural product biosynthetic pathways[J]. Natural
Product Reports, 2019, 36(10): 1412-1436.

HABIB S, AHMAD SA, WAN JOHARI WL, ABD
SHUKOR MY, ALIAS SA, SMYKLA J, SARUNI NH,
ABDUL RAZAK NS, YASID NA. Production of
lipopeptide biosurfactant by a hydrocarbon-degrading
Antarctic Rhodococcus[J]. International Journal of
Molecular Sciences, 2020, 21(17): 6138.
ROONGSAWANG N, WASHIO K, MORIKAWA M.
of nonribosomal
the
biosurfactants[J]. International Journal of Molecular
Sciences, 2010, 12(1): 141-172.

KADI N, CHALLIS GL. Chapter 17. Siderophore

Diversity peptide  synthetases

involved in biosynthesis of lipopeptide

biosynthesis a substrate specificity assay for
nonribosomal peptide synthetase-independent
siderophore  synthetases involving trapping of

acyl-adenylate intermediates with hydroxylamine[J].
Methods in Enzymology, 2009, 458: 431-457.
DENARO R, CRISAFI F, RUSSO D, GENOVESE M,
MESSINA E, GENOVESE L, CARBONE M,
CIAVATTA ML, FERRER M, GOLYSHIN P,
YAKIMOV MM. Alcanivorax borkumensis produces
an extracellular siderophore in iron-limitation
condition maintaining the hydrocarbon-degradation
efficiency[J]. Marine Genomics, 2014, 17: 43-52.
GAUGLITZ JM, ZHOU HJ, BUTLER A. A suite of
citrate-derived siderophores from a marine Vibrio
species isolated following the Deepwater Horizon oil
spill[J]. Journal of Inorganic Biochemistry, 2012,

107(1): 90-95.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


