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pollution of the ecological environment after leakage due to their strong hydrophobicity, high
viscosity, low chemical activity, and difficulty in degradation. As a result, they are important
degradation targets in terms of improving oil recovery and treating petroleum pollution in the
environment. As a new and efficient green technology, microbial degradation of medium and
long-chain alkanes has gained popularity. This paper summarized the interphase adaptation and
transport process of medium and long-chain alkanes in microbial degradation, membrane
proteins related to the transport process, metabolic pathways of aerobic and anaerobic
microorganism degradation, gene regulation mechanism in aerobic degradation, and putative
gene regulation mechanism in anaerobic degradation. Furthermore, prospects for the research
direction of microbial degradation of medium and long-chain alkanes were presented, serving as

references for subsequent related research.
Keywords:
degradation; gene regulation
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R i LT U DL B T IR B TR T T 3

A 5T N D 0 2k B9/ 22 RE A5 I it i
KEEBEREIANTE . 140, Adlan 25005 k45
2] Geobacillus kaustophilus N3A7 ., NFA23 #l
G. jurassicus MK7 ) G. stearothermophilus AD11 |
AD24 Hig% 3 dJi7, REWSJLT-5¢ 2 fEf# C38-C40
K85 e 15 Kong 25 VOV 1k 2 19 42 1% i T
Acinetobacter pittii SW-1 BERGITH Z AL . EH4
J& . AR R AT, ARSI H B A
K& J1; WY@ Oleispira antarctica RB-8 1] [
T R i AR U £ i e ik e T, HHS TG v R
KF C24 KBS HoAth HA R MM
Wee A 0 e R AR AN 3R 1 B o AR DO
DI STE O A R A RS SINR N s &2
Pseudomonas aeruginosa L6-1PHE DL rp K G54
SR FERBR A ME R A, 155E 3 d R
TH B EEPRAE 1-8 pm A /K AL I FUR I 5
P. aeruginosa 709" "W EAE7E R 4 8 i i A% ity
FM T AERIF P EAYRENGER . FA, =
W ODREAISEIG 25 SR H , P, aeruginosa WI-1
F P. aeruginosa 709 31 i A7 A8 7 A= Wy TG 1
FRVE SRR = 9.23%H1 7.04%, UESE
T B A b B e R R T R v i SR M
SR RTA R R B2

SR RE B B — TR R KR R A B Y
F 1 AIFERPACERIE M EY R ERYR
Table 1

FEfRRE ST, (HR M AF e AN FROE 5508 2 0
BRI, o 2 Pk 2R A Y A —E He Bl
PSR R R, I GE B 2 8] P R4 AT 42
T o FR R i e e 1 [ 28B4 Ghorbannezhad
SR DM T A - A0 TR TR S R 2R W A T R Y
BRI BB, 38 IR A R 5 O S A I
T - 20 TR TR DR R B AR IR A 1 SR R
I, BRYeR B S R R 58— B ]S A
TR 2 UG S AR R . WEE RN, R’
TR A ZR TE AL A I — o AR T AR Y B B 2 B
M A AN . B, W Kocuria rosea
k-24 YEF1 Microbacterium sp. M-08 &ZHcH}, T
PR E XTIV R R4 o0 &, ISR
B TR TR O R A3 R B T 55 T Bk DO

2 B xR K bR RO
F#azns

2.1 WEMX ARk R R IR YT AR
Al B O B B e ke R RRJE 0 1
HARHA —E KB bk, X T Bk Ay
BBk, HA TR, K I
BN BN R, A AR
KA AR &, 5 2 mIE N B YR
ShekerH i, IR S B e

Microbial strains and degradation effects of medium and long alkanes degraded

Microbial Strains Gene Substrate  Condition Degradation rate References
category
Bacteria Rhodococcus sp. alkB C16—C36 25-50°C, 0.4% (WIV) 27.40%-98.90% [12]
CH91 alkanes substrate, 140 r/min, 15 d
A. pittii SW-1 alkB C18-C36 30 °C, pH 7.0-8.0, 500 mg/L  13.37%—91.25% [10]
almA  alkanes substrate, NaCl 0—3%
ladAl
ladA2
Alcanivorax sp. alkB C14-C28 25-35°C, pH 7.0, 0.5% (W/V) 40%—65% [13]
Est-02 alkanes substrate, NaCl 10%, 2 weeks C24 60%
C28 65%
GED)
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Microbial Strains Gene Substrate  Condition Degradation rate References
category
Gordonia sp. SoCg  alkB  C12-C36 30 °C, 200 r/min, 10 mmol/L  C16 88.90% [14]
alkanes substrate, 62 h C3098.10%
Mycobacterium alkB C12-C28 30 °C, 200 r/min, 18%—68% [15]
vanbaalenii PYR-1 alkanes 1% substrate, 60 d
P. aeruginosa alkBI C12—C38 30 °C, 0.5% substrate, 30 d 96% [16]
GOM1 alkB2 alkanes
alma
Achromobacter C15-C32 37 °C, 10° CFU/mL cell, 82.06% [17]
xylosoxidans alkanes 0.5 kg/L substrate, 150 r/min,
ZKNUO01 7d
Shewanella sp. C15-C32  35°C, 10° CFU/mL cell, 62.90% [18]
LZ02 alkanes 0.5% (W/V) substrate, 7 d
Bacillus sp. C15-C36 65°C,pH 7.2, 1% (WIV) C28 22.80% [19]
NGR8&0-2 alkanes substrate, 180 r/min C16 55.60%
Enterobacter C15-C40 35°C, pH 7.0, 170 r/min, 98%+1% [20]
cloacae alkanes 1% substrate, 30 d
Rhizobium sp. C19-C30 25°C, 150 r/min, 2 mL cell, = C25-C30 50% [21]
alkanes 200 pL substrate, 7 d C20—-C21 75%
C22-C24 60%—-70%
Sphingomonas sp. C19-C30 25°C, 150 r/min, 2 mL cell, C19 40% [21]
alkanes 200 pL substrate, 7 d C25-C30 35%
C20—-C24 75%—55%
Variovorax sp. C19-C30 25°C, 150 r/min, 2 mL cell,  37%—70% [21]
alkanes 200 pL substrate, 7 d
Smithella sp. assA C16—C20 21 °C, 0.90 mmol substrate, [22]
alkanes darkness, stationary
Desulfatibacillum assA  C16—C20 21 °C, 0.90 mmol substrate, [22]
sp. alkanes darkness, stationary
Aromatoleum sp. masD Cl16 28 °C, 50-70 r/min, 13—58 pL [23-24]
HxN1 substrate, 6-8 weeks
Fungi Cladosporium C14-C38 28°C,30d, 1 g substrate 97.19% [25]
sphaerospermum alkanes
Aspergillus C10-C33 30 °C, 150 r/min, C10—-C18 47%—77% [26]
parasiticus alkanes 1% substrate, darkness Cl11, C13, C19-C26 80%
NRRL:3386 C27-C33 90%
Talaromyces sp. Oil 0.6 mg/g cell, 14 d, 300 g soil, C5—C20 50% [27]
1 220 mg/kg oil, 10% moisture
content
Penicillium citrinum Oil 28 °C, 80 r/min, C20—C29 Average 95.37% [28]
NIOSN-M126 13.35% (WIV) oil, 23 d
Aspergillus flavus Oil 28 °C, 80 r/min, C30 100% [28]
NIOSN-SK56S22 13.35% (W/V) oil, 23 d
Candida tropicalis Cl14, C15, 30°C, 1% (V/V) substrate, C14 59.50%, C15 59.10%, [29]
MW488263 C17,C22 >15d C17 45.60%, C22 51.40%
alkanes
Rhodotorula Cl14, C15, 30 °C, 1% (V/V) substrate, C14 45.50%, C15 39.30%, [29]
mucilaginosa C17,C22 >15d C17 33.30%, C22 40.20%
MW488265 alkanes
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Figure 2 Metabolic pathways of medium and long chain alkanes by microbial aerobic degradation
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almA FERFN ompT-1 FEH ¥ WmGlfE A,
bl AL AlmA M2 EH OmpT-1 K
Kk, PREGERMBESN 2B, 5
ikeitatt MCP RAELEE IS, AfH RN X ke
R afkiz s, s 2 M0N0 EE e ik
TRAP W% i8 2 4c i ia 3R 1 & 5 T iR B

fR L R, X T RE AR H R R o A IR Y
e mPTR . Hd, CheW HEHTE OmpS
HMEEE 1% Cyo A A AL B 5554 3 i ¢
HER, g ILENALF mep S,
CheW1 % C8-C24 W hEELif2ifs T4,
CheW2 £ C24-C32 WK BE RIS A 24 S8 155
S, MCP R240% THfh BS BLe kit &
AT B Cyo oA v 4 Ak B i 3 s IR 1
AlmR 1 [R5 00 G i B2 2 1 ) omp T2
M ompT-3 Wik, FTLL cyo FEF BRI 2 FEL
B5 AHEFI KAkl (C28—C36) M bkt , {H
SR C8—-C24 ke RIS, sesh, T
TIME 2 SAYRSY T A. hongdengensis A-11-3
AlmA WS FIAWN . almal FEHTE C28—-C32
HRBEEIETES T ERIE, almA2 FEFTE C24-C34
K beke DL SRR I T T Rk
Liang Z5" P98 T Hi¥k Dietzia sp. DQ12-45-1b
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N R Fh Bg I 8o i BE TR alk W1 F1 cyp153 BYIRFEHL
il BerFe LG alk W1 H C16-C40 L2 s 5
A, AR PASO KRk ke AL CYP153 3K
F R T B <C 14 BYBEkei 7 o alkW S
PRI 235 TetR ZER B AKX i 45 B9,
T K EEBEIRAFAERT, AKX RL—XF A4 1y
WA G RRA B A alkw] bR R EE
JPENEs A, i alkwl LR R, Hl oY
FF—E i AIKW1 i AKX 3 IR S7Eh K
FElekent, ARSI ALY LCFA LAIE SUSHE 5 B
2 AKX 5 alkWi W9454, LCFA A] 5 AKX [
OB AL, KM alk W 1-alkX 13
TR, XUREE A TetR FERE: %ifE
[Al¥-(TetR family transcriptional regulators, TFRs)
e KA e A i A b R B R AR O i
3R PA50 K e Je ¥R ARG CYP153 B 1Y
RIBHNLT cypls53 FEFKE B EEH T
CypR 77, ZiHENHFET AraC EHFAKKE, X
Tl BVF 2w b b A Ry, CYP153 HEH
A 5 heE R AW BRI K AR,

TEREEETR Yarrowia lipolytica H, 59K 5k
BESE PR SRAH I P45S0ALK FE RN KW
5, % Yaslp-Yas2p-Yasdp RAEFE, BHK
HEBEIRAFTERT, Yas3p MAHMLEZ &L, S5
TR bR S AR R T EFE N R F, Yaslp
1 Yas2p fEAMMIAZ HIE MG, 5 P450ALK
A FH M AREL 56 30a sl %, SR
FAEFR KB, Yas3p ZEAN A% H 5 Yas2p
54, WG ST

IEAET SO, WIANEEAATEZ MK
e o A AN 2 e O AR R 2%, DA
KR A Y 1P 38 PR IR DR R R R o TE S
KRR R, FAEZ A B A & 34 A
ZR R, — il a] B8 52 JLRNAS [A] Y ) 458
PP, — R E T RE s 2Rl

PR, DATEJE R0, i BEAL B A v Ao i
REJI RN . Wl Feiz . PRSI
ERESHEEM S RAE X BRIAERR
Gh, WRTIR A 2> T iS5 R . P A
53 [ 2AR 155 S AL S5 S, S hRE
BED MR AR IR | BT 9l ol A 7 A B
R AT R 1 g 2 B i
3.2 KREREFHLH

T, R)Z 15 G SRR TR ) A5 R R
HRAE DA IAEE,  DRARAC i v K B e R e i
R E SRSy . AR T AR, A B
WFFEARIE T RASE T WUE P e b K s e ke
AOBLIE, — Stk B L M DR AN T RE S 5 BR 4R
M LT S2 AR DR A ke, i
EREE . BREREL . Fe''. Mn'. CO, %, H
W, DARHRRER-RUE i 52 R, i A R A
R AR T S R At R0 TR A VAR
fit C—H BT REREAAIE], B PR EESER IR
AR AT R4 3 2, g — 2R BN Y
WA : Y C-H 4 B fAE<355 kJ/mol
i, DAB SR 7 s A 24 C—H B A B i
RETE 355-430 kJ/mol B, LUAES] R ER N1 5
A 4 C-H BAYEfFAE>430 kI/mol I,
T A —E S

FHT, CRIBER DA 1K sk ke i 4
p E SR PRSI A TR RRE R[], BT E
T AL SER R TR AN A 7 S C3—-C50 gk
FEfREfR, el 4 st [mE, Rk
PR A 1 I A 2R BT ] (Atribacteria) AR TR WL AT
PRAE R P A e o Liu 25807V 3 HH 35
Wbt dt, 76 55 °CHRMFTME T M C21-C30
KGR MR IR R, & 900 ZKHGFR
&, 4T Candidatus Syntraliphaticia L 5 ;™ H
Le RIS E#E, Candidatus Syntraliphaticia
AP TE S BB e SR BRI IR G A ASS JE[H
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Figure 4 Fumarate addition activates microbial anaerobic metabolism of long-chain alkanes

N DA S A 55 o A A DG B B TR, i i 2
R AR B K B e AR R S R TR IR I, wE ik
— AR AR AR . AU TR ER RN R
A, IR BT W B R AR S RS, Tk s
R A B KA B IR R AP . Liu S 3E
'ﬁétTﬂiilﬂle’ﬁTiﬁﬁJ\%ﬁﬂlﬁJ BHFIE, S

2R M R BH R KR Atribacteria JS1 WA Y fih 4E
%?MW&%%&%?,@%X@E%%MW
AR SRR, ™ A A I 7 R e HE S I Ak

HABRE Y SR, HR AU HLHE 75 i — 2
E}F%o

TR ks w3 e I S B A AR AL S T
Jo R BE L 0 DR AR o So S TR I IR Av;
EIRCHARIE T Desulfobacteriaceae Hxd3 [ fif
Bt ke I B 46 6 Ak 7 2, BIVE 1R RN e R Y
C3 Az A1) A5 T ML As 58 3 ot R KR Ak S 0z 5|
ABRHE, BRI T SREAHEBHY 2 A AR stk J5t
FIEMAGRIWITR, RENTERIE T B A A S5 H A A
AR A CO,.

WFFE N D3 PP R S o R 1 DR S i i G
TF ROk Bmy AR T B Rh o S 7™ s 1 DR AR
W, DL G M A e e AR e i)
SEIRIRI, WA DR AR A 1) ELR R P ML A AT
ANEHMT . B BORAFEAE, nl i AT o B ik
H/IREMKATERERSG, RIS HTRTRER
A RRPRAE, I XA il SR BT A B (AN A A= Ak
TR BRAE 5, TR i 5 M 7 R A I ) R
FEORE )RR 26 2 BT O 02 25 K A e Hp 8] 438 77 )
F14) 5% P 25 [

(821

4 B2

Tl A kb v A o e ) 7 L 8 BN E I
IR RS o A DB 5T R S8 1A 0 o i b R i
B ke RIS 2 . D8 Sk BRI AR I AIL i <5 Ty T
Tz IERE, R i s e IR, HREIK
2, X AR A Y R E TR AR D . KA S
FEAE R — PR AR B R 20 A VLY, A B R
VIR f b R AESEBR A TP RCR AR A R, &
SAFAELUR [ . (1) B — T b I A 1 T 5
55, 52 TR TR R 22 18] A B ) 800 ok A5 5
(2) Tl A 0 o e o A A o A 1 A AL ) 5 2
— W5 (3) AR Z AT R
AR

BT LI, SEEU A AR AR R
BEGERE TN 3 AN THFF R - (1) im0 gk Hh 4 B
Tt Je8 26 fire TR/ TR, ) SRR v 0 i P R
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