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Abstract

This study isolated a microalgal bacterium, Microbacterium_paraoxydans, from the culture me-
dium of Pseudomonas aeruginosa, which has a certain tolerance to 2,6-di-tert-butyl-p-cresol (BHT)
stress. Subsequently, genomic techniques were used to analyze the potential functions of Micro-
bacterium_paraoxydans. The results showed that: (1) Under the condition of 50 mg/L BHT, the
growth of Microbacterium_paraoxydans was still maintained. (2) Using genomic technology, 35
genomic sequences were obtained with a GC content of 70.38%. (3) 2908 genes were recorded in
the COG annotation. Among them, there are 335 genes involved in carbohydrate transport and
metabolism. The KEGG annotation categorizes the gene functions of Microbacterium_paraoxydans
into six major categories. The most common one is carbohydrate metabolism, with 214 genes an-
notated; biodegradation and metabolism annotated 63 genes, including 12 pathways, all 11 of
which are related to organic matter degradation. In addition, there are 10 signal transduction
pathways and 76 genes in the environmental information processing pathway. There are 7 genes
related to bacterial chemotaxis in cellular processes. (4) KEGG annotated 28 biodegradation and
metabolism genes related to phenolic substances, indicating that Microbacterium_paraoxydans
have the ability to degrade and tolerate organic pollutants. From a genetic perspective, it explains
why they can grow in the presence of organic pollutant BHT. (5) It is predicted in the metabolic
system that the carotenoid gene cluster contains the crtB gene and idrA_B_C_D required for the
primary step of carotenoid synthesis.
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1. 5|15

TR T DA Jok £ R Bk S AN SR AR A A ARG T, FERROK L S iR R, MBS,
w|EM. AREL]. AT R, Y2 TORK. EiEE KRR, R T
BRGMIFE B RS E ), HLEF I BHT X AR AV . BHT 1E A B Kbt &1,
FRAME H AR PR, FEAERVEE Nz a2 SR U AR . 2000 45, 43Rk BHT 7=
BRIk NI 2M[2], BRI “ErA R [3]. BHT £ BRI B h &7 4 — R EAL A 8,
FOAR B DA R S A i AR WU RR B b DA AR B B A LTS S 2 R B A2 SHE LT AR K AE
(IR AR E] BHT e HARU =4 F EA NS eP[4]. 16 E AR BHT & HARH ™)
BHT-Q 2 Ui = LG L5 GW[5] . PEPE A HEHr gl Tolk e X (1) 2 A2 S bk il 21 BHT F1BHT-Q [6] .
B [E VP SR AR R REAS 2 BHT (29 pg/g) [71. 5 G4 b 1 o i A 4 i B A A S A, TR e A=
A RS R WA TS YR B R R K A S R R N AE TR Fe s . H AT S B OCRUERE E HLR
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AR e R B NG ] Z0BE] SR TRTIEEET[8]. BREM &R T8, BB/, &
HofEE, BRI, B S 2 DL SR 2 RN AR IR B ER (9], FE /KPR IRBE J T H kAR RE S 1H
BH10], ZA MY M ERETENTEEY R B EAY[11]. BREMEE Y TR, PIEKI S S
R KA A 2 B B 2 A0 7 ) BRAR A [ 12]

R AR CEIE T 2 2 F, KRB, AT B B A B T35 15 18]
[FEAG[13] e i A KRS o [ A7 AR 3 — P v T A ELAE IO DX —— B BRI 5 [ 14] . X SE R AR L IE
WAEKKEMEREN SRS, 2R A B AR =B i R BRI, IR, 4EAE R, R
JoT A [15] o 3K L TRl 75 2 0 53 A ) A A0 o0 L 52 i 2 T AL e ) B P A5, 4 T 4 52 3013k G 3 A i 7
A I R ORI AR PR e i DL A T, A7 BRI I, TR 1 R B LA VA [16]. B3
PREE T BB AN AR 1R 2 B AR AR = R A, BN A BEAE R RIER B8, BiEFEE
FRUE S SRR WIS 40 A2 O¢ R B AE B [ R A 1) OoICO, A8, FlisERI LA 1
FHAE B O, 115 Rl 40 o IR O ERE T CO,, AR COL SR F TOUEE BN [17]. G I 7T b SUR AR R
T B R AR SRS RN R, KIHE Z WIEAEE—FME 5 T4 WL . Amin [18]8] H % 5%
HEFR, RIEEPRA R I 2R G SRR N, s A o il B TR A T I SRR (IAA),
A 2

4= FE R ZH I 7452 A (Whole Genome Sequencing) 2 Xt A= ¥4k i 52 3 (1K) 35 A% 4 S5 1) S A HEAT I e 1) — 330
FEAEVFERAR, WA R E R ) A YE B5E B [19]. A B 2 50 B £ 2508 6 5, BFE DNA
PERUR T FERHA % FER ek, FER T, SERVER A LU SE R A 00T, BN A& —Fhsa K
FERA TR, BegAn. KM RA IR A P27, M S A o i SRR D) REv R
S0 VR TE I AR Y E ThRE, B AR b B BTN 254 L BOR RS (S B [20]. a4, BEDA
HWFFHEARCE KRR =M. BORIEFNEN, A EERA T ZiRAN, FEL N HE
VR Dhne S R % e 55 75 Thi[21].

2. B 55%
2.1 EMEEK
BREEHI 4 (1. galbana): HUE H EANEBOEER AT, KA 12 B st R 3,
PEBRANTE : SR FEFRRRAT TS N ERSME 4 RS 0% B bR, 96 P AR R LR IR AT 4k, 2 B
FHH AR B AT (R
2.2. Lk

2.2.1. FEMEF

TETC IS NI ERSEHE G e Ph 2] 12 Wk Rs e dkrh, W B =4 PAT I E TR FR A (1 B IR -
25 + 1°C, JGHESRE: 3800 Lux, JelEAM: 12/12 hyy Kiss%. SRER BRI, B RRuEiiiG
BB RS A TR

2.22. WEEHF

KA RRRRRATTE, KR TC B KRR (B BB 1:100, 1:1000. 1:10000), 546 B % U Aok 2 93
T 2216 [ AR TR, I HEMIMOREBRIN 51 7 BUHE RS R AR, B MR R NAE T AR & HAE
KIAMHE AT, f)a BT AR SRR EIREE: 29.1°C)Y K43 3~4 d. SRJ5 R PRIl e —
BRAR T AR TR AL AT B R alifh . A0S B bR A H I AR A AE—80°C R AT O
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2.2.3. BHT BH&ECH!

PRI BHT T-TFbettrt, H DMSO #EAT B, FELHIR B2 50 mo/L i) BHT BEf . BHT 1E AT
TG A, SR SRR 2, S R T I IAC . AR O B S 2R Sk Ee h BHT 1)
WRFERERE N 04 104 20, 40 mg/L, ZASZIGHT I BHT &3 F 50 mg/L 1) BHT BEBRRE o 8 -

224 EKEBNE
FEBRAN B AR B R - 7E IO ERAE G4 B 5 mL VAT BB, FH AT LA Y6 BE T E HE VR ZE 600 nm
A2 PRIV ' S 2 W 7 o 200 7 1 2 KR o

225 MBI, XEME
& 5 T R 25400 (4000 rpm, 20 min) 3 b3 AR B B e FE AT brad . B DNA HE4T B BeAb Ab 2R, R 4ene
FE DR ZEL e S o 3 T B R R B H kAT B B e, FUR AR AR, AR DNA BUBE A B .

2.2.6. PCR 1

i Y 1 514 1E 7] 338F (ACTCCTACGGGAGGCAGCAG) AT ] 806R (GGACTCHVGGGTWTCTAAT)
S HEEL) DNA FE K F Bk T 9 1 7tk s . 1538 PCR KA TransGen AP221-02: TransStart Fastpfu DNA
Polymerase, 20 uL A SR, W17 1, PCR KM FAFUIEE 2. PCR PR & fa I 29055 g B e A v vk ksl
18 F AxyPrepDNA % [A1 GRS (AXYGEN /A 7)) VI [ PCR 7247, Tris-HCI 22 e it « F-85 PCR
P QuantiFluor™-ST ¥ {475 )t 2 B R 45 (Promega A &) A0 E B . 5o A lumina 33547 S0 E#y 2
W

Table 1. PCR reaction system
& 1. PCR RRi{x %

¥l A
5 x FastPfu Buffer 4 uL
2.5 mM dNTPs 2 uL
Forward Primer (5 uM) 0.8 uL
Reverse Primer (5 uM) 0.8 uL
FastPfu Polymerase 0.4 uL
BSA 0.2 uL
Template DNA 10 ng
ddH,0 Up to 20 puL

Table 2. Reaction conditions
%2 2. PCR R R &1+

IR SN SR [A] HiE
TRAS 14 95°C 3 min

A 95°C 30s

Bk 55C 30s .
HEAH 72°C 45s 21 MR
J& SEAH 72°C 10 min

&1k 10°C

2.2.7. MFHEESIE
R Mumina 77 5 15 20 R GG BRRAE N fastg #620, A TRERRALS:, JEAGEIE b — SRR ERIE S
BBy, Sl B i, XI5 4 (1 3 N A A HE AT B R VA, RIS (1) A A2 SR A
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FEYs (2) PRI R (3) TRAHIERANE . KIS AR B A AR
3. &R
3.1. BHT BEEEHG T ERARNE KR
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Figure 1. Growth of algal bacteria under 50 mg/L BHT conditions
1. SEPRYEETE 50 mg/L BHT £ THAEKE

TS FRRBEIRATE . PRI AR 55 B 43 3 R A 5 7 126t 16 P B o AT B K RO E 2 A
I E BHT W 50 mo/L UORFFA I 1 AEAF IR A BHT, B THRIRR:SE 5 Ko AR Jeu i
T R TE 600 nm Ak FAIWROYE FBE LA 3R 5 B 4 A 1 A ROR L (an P 1 B o e rp 15 FPAER7E 5 RN AE K
EIRAAREE IR, RAE RIS # (Microbacterium_paraoxydans)#E R4 50 mg/L BHT 44F F 4K
BRI NFHERA, 2 K5, EWEFIEEEH L. % 5 K Microbacterium_paraoxydans 54146 & AH
EL3En T 106.67%.

AWRFAROE, B AT B — M nT LA S SR e A & B G E R ) R B R [22], T
DAA BB B ER R, S REAEA NS L. KRS A SR [23], FITAEMEE. ArbEA L
TSY) BHT BIZAE TR, BIEALTSAT B AT DURFH BHT DMRIE S K . BRI ASHT 780 FH 3 R 2H 25 oR 43
B BT B TS TE TR, R SR R G0 I AH AT ST PR AR -

3.2. BISHRATEAIThREFM

321 HEER
FIA Mumina W76, W RIEREET B8, 345 S kS 1503117362bp, 3 — P4 345 5] 35
ANEFAFA), HAp kT ya 13 4y, SRR R AT 54 10 4, FriikhiE R A7 70 12 A
3 4). AV DNA H GC & & — A AN AT MRS K AEHE N, Frbl, GC ZEAH
B R LLE A IR R R SR 408 R, AR RIVEYE . AR GC & &8 70.38%, [HIUbnl LA EH S
H s b )P 2 R
Table 3. Sample genome coverage
3 HAERFABEEE
FEA B KK/ bp) B
R EAL T 7 (310) 1503117362 98.46%
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EXE %

Table 4. Genomic sequence information
4. EEEFIIER

Type Genome Size (bp) Scaffolds Coverage (%) G+ C (%) CDS tRNA rRNA sRNA
J10 3849123 35 98.46 70.38 3679 46 3 14

3.2.2. BEFEATHEETR

COG function classification: J10

450 I A:RNA processing and modification I V:Defense mechanisms
I C:Energy production and conversion W W:Extracellular structures
400- I D:Cell cycle control, cell division, chromosome partitioning B X:Mobil 1 p
M E:Amino acid transport and metabolism
350 F leotide transport and boli:
I G:Carbohydrate transport and boli:
é 300+ H:Ci 'y lranspml"l and boli:
&% 2504 W I:Lipid transport and metabolism
“5 M J:Translation, ribosomal structure and biogenesis
,.QE 200 K:Transcription
g 1 L:Replication, recombination and repair
Z 1504 W M:Cell pe bi
B N:Cell molility
1004 moP i ification,protein turnover, chap
1 P:Inorganic ion transport and metabolism
50 maQ dary bolites bi hesis, transport and cataboli:

1 R:General function prediction only
M S:Function unknown
1 T:Signal transduction mechanisms

ACDEFGHTIJ KLMNOPQRSTUVWX

COG Type
P nu Ilular trafficking, ion, and vesicular transport

Figure 2. Genomic COG annotation of Microbacterium paraoxydans
2. E[F4H COG EREE

Histogram of KEGG
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Figure 3. Genomic KEGG annotation of Microbacterium paraoxydans
3. HFEA KEGG jF1EE
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I 5 HRE FE LU AT DI REVE RS, AR BRI REIRAE B &l 2 F11s] 3. COG vEREIM W LUE H,
PSR T 2908 MM, o 361 AMEESRFEEI(K), 335 MKIL SRS ARSI (G), 314 NMEIER
i 5 AU RFE(E).

KEGG 1R 45 Sk Bl AL IR B (R 2R R Sh RE 20 i 6 K28 AR B B w e B 36 (N Be 2, 49 2883
A B R 2 PR SRS, R T 214 MR, 15 MBS AR AAARNER T 63 MEH,
8 12 AV, 11 MYSENWIBEMEA . g7 E, ERA BHT AAERIFME T, BIE AT A
MU AR B LAERE I B AR A7 . 9 4h, MBS L@ 5 55 Sl s 10 4, EFA 76 4.
S R A SR A A TR R 7 A

3.2.3. £YIFER RN BT

%% 5 J&7~ T Microbacterium paraoxydans [ K 21 Fr A e A VI AR IS ThRE I ZE A . 8T KEGG
UIREHERE, 1Pk Microbacterium paraoxydans Ly #E | 28 FiA WL MEELE, 2 B ILBAG MR 52
BHISYIRIRE ST, FEREK A @ T Microbacterium paraoxydans 7E76 HLi5 4e¥) BHT f27E Rl LAA K
1 J5 A

Table 5. Biodegradation and metabolic gene statistics of Microbacterium paraoxydans

%2 5. Microbacterium paraoxydans B4 #1572 & X it B F Se it

Y5 FEH L IRE
1 guaA GMP & Flil (B & B Z K ) R A
2 ndk W I B e 2R - HAh
3 dut dUTP =R 2R - HAh
4 choD JIEL 3] P A A i H [ T
5 fadA LT A BRI KRR LR
6 atoB Tk 4 FL i 2K F R 2 [ A
7 guaB TR PR WA A T IR e S R
— v ORI KRR PRA . 2K
. P ORI R IRE R 2B
- OB R IRER R 28
10 mhpF LI A e
. TURSCREMR . KRR PEAR . 2K
_Tilil-4- JERR PaN
12 dmpC FIERGTR W 12- 7 FE R TR -6- - B8 I S IR TR L PR AR . % ] e B A
, \ o N ELRZREAR . 5 R 35 PR
13 paaF W R A KA LA R
14 badH 2-F B CAEFRIR-CoA it U iy IR PR e fe
15 fadD3 HIP-CoA #%E4% R [ e P ol
16 - AREIE N H IR IE A A BN AL R R EAR
17 tdk iRERIZ 1L 2R - A
S AR G R AR
18 dehH X1 218 £ R o i B 0 1L 1 [
19 hprT VR WA Tl T A il S S R g R
20 - 2- AR 4 SARTR CUbE AN S 2 1) P4 AR
21 fdhA A5 I TR SR AR st e Y i S IG5 TN & % i
22 paaH 3-F T H-CoA MA 2K FR R 2 [ A
23 - Ky 2- 5N %A BE(NADPH) TFIRREME . ORI R
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AR TR IHBRR . A
24 dmpB JLFEH 2,3-XUINE RIN BRI IR I FEAR S 28[F B
9.3
25 gcdH IR AT A AR IR L PR AR
26 rdgB XTP/AITP iR /K Bl THOR PR
27 deoA ORER A A IR REAR
28 cdd i B 2 TR PR

3.2.4. RERBFHE RS
WAEMAKIRE, SRS AT A G R — 5 B EA SRR AR =Y. FIEAL
TRRAT B8 T M 5 R R, LRSS N KRB R T & R EES 19 41, BH ortB 25,

crtB crtl crtU crtE
(S I GO O S | GO S S S S G g S——
—— e e — e e T s T
0 2,000 4,000 6,000 8,000 10,000 12,000 14,000
Legend:
[l core biosynthetic genes [ additional bi hetic genes [I transport-related genes ~ [Jl] regulatory genes [ other genes resistance

Figure 4. Linetype map of carotenoid gene clusters
4. KRE MREFRLBEE

K N RAEMMIANESE . PrE PUR R B EEAE M. e DA BT AR U G 32 i 1 4
KGRI AN LA G R Y R BARIRES, BArA XS5 68N Y bR
Bk PN L4 55 7€ - Swaati Ojha S5 [2414 ] LB 8RR IR 1 —FhBI S T i R BOF 4 52 2R bR
P. Krubasik £ [25] A MV FRAEFT 1 H 25 58 HH SRS 3 (ort) (2 A%, i 4. TR 03 & Bl 2 ()
crtB AL Fr e A L TREIR 2 T S R\ AR AL R R R DRSS — PR A
FORTEREE] crtB A1 idrA_B_C_D, Ut &I E AL GO W HA TSI N R A & liae

4, &5ig

RIS T 7] DA R iR A ML 348, AE R BHT s&0F R AT DUARAE, 7255 5 RAEKENIN T
106.67%. AP EI PR GC &8N 70.38%, [A ] LA H 5 B A AL AT 2 FIYR . COG VER
Hidsk T 2908 MR . o 361 ANMFESRIER, 335 M AKAL S E AR N, 314 MR RRIS Hi
R . KEGG MBS HE K T RESN B 6 KK BRI B B AL N i 2, F 2883 4~ Hidix
Z RO AR, R T 214 AN, 15 MEES; AVREmARENER T 63 MER, AF 124
W, 11 MY SENIEMEE S R4, REE BB (5 5 SIElE 10 4, KRG 76 1. KEGG
VERET 28 FhAEW A MRANACIHI LR, 217 Microbacterium paraoxydans L5 MR AN 52 6 HLI5 G (1) g
TEFE DR B fRRE T SLAE A HLIS 49 BHT 4776 N ol DA KR R . i F v oA g e e I R R 7
Ao BIENATE P SH S REE PR Y FN ortB E, BT DURHAE BHT 44 F Al LUt BHT
FEAETE M AT BB MR R AR
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