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Identification of three pathways for p-cresol catabolism and their
gene expression in Pseudomonas alkylphenolica KL28
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ABSTRACT: Previously our laboratory showed that Pseudomonas alkylphenolica KL28 possesses two different lapand pcugene clusters
for p-cresol catabolism. In this study, additional gene cluster (pchACXF-pcaHG-orfh-pcaB0) has been identified to encode enzymes
necessary for catabolism of p-cresol to [3-carboxy-cis, cis-muconate. This gene cluster showed almost identical nucleotide sequence
homologies to those in the plasmid of Pseudomonas putida NCIMB 9866 and 9869, British origins, indicating the possibility of a horizontal
gene transfer. Through mutagenesis of each gene cluster and g/p-based promoter reporter assays, it has been shown that the three
gene clusters are functionally operated and pch genes are induced by p-cresol. Furthermore, the pcu gene cluster of the three was
shown to be dominantly expressed in utilization of p-cresol. Mutation of the pcu gene was defective in aerial structure formation under
p-cresol vapor, indicating the utilization rate of carbon source is one of key elements for the multicellular development of this strain.
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p-Cresol & 4-0] & W5 4719 4L, 254 2 B8 &
o) 2 ALHE]0] Sk p-Cresol & F A A2 0.2 4l 9117 A}
2] = &AFSHA] butylated hydroxytoluene 2] AL &2 0],
a4 AAL 8 @4 AFoll 4 WA A1 olehloesaar et al.
2010). B3 9, AEH R B AHEA} o717 2 gl 917
o= 3| o] Qlek AAAA A= v g EL] Fsoll ofsf A
AbEIT). oS5 o] SRHE-S Q7H A Tl kS of
leqh Ha S Sl AAE o tidoly eF o 2 HjEEY,
o) 4R gh 179 §9 AR A4 Ea X
AH7o] B33 ‘pig odor’ o] =8 B2 A A Qrh(Yan et
al., 2016). 2 =3(uremia) A= p-cresolo] tj3f] =2 =4
2 7HAM, p-cresolof| A7 |7F Eam BRFO R = EEH Q1A
835k 207 oA 9JrhChang er al., 2014).
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Aol ot p-cresole] 57]7 Bafoli= 2712 A7} 2
oFe A Qlth(Bayly et al., 1966). HA)= A=) ol flavin
2ol T AR ARt a4 = /g A of] di-irong 32
ok thA s ARk Ao 98] prcresol o] WIALILe] o] 4k}
2 4-methylcatechol 2 A2 o meta 23 & E3l TCA 3=
2§ %= AR o|tiFig. 1). AR}= Pseudomonas pickettii
PKO19] thuD +72A}o]| %51 1 4y(Kukor and Olsen, 1992),
B2} = Pseudomonas putida CF600 52 dmpKLMNOP
AR Ao stE o e TR ARt A 7t T 322 9
o] tH(Shingler et al., 1992). T HA| B3l 7 2= p-cresol 2]
HE 7|71 Akl = A2 2 o] 7% p-cresol-2 p-cresol methyl-
hydroxylase 2} p-hydroxybenzaldehyde B2~ 8 4x0f ]3] p-
hydroxybenzoate 2 Z12He] 11, oA G/J% p-hydroxybenzoate
= flaving Z3$}3}= p-hydroxybenzoate A3} 4~of 95}
protocatechuate 2 7 Z}%] 37, protocatechuate = pcaHGol| &35
3}=] o] Q1+ protocatechuate 3,4-dioxygenase©]] 2]3f ortho £
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3] F 25 w2} TCA 32 2 -3-Y Tt Dagley and Patel, 1957)
(Fig. 1). p-Cresol methylhydroxylase2} p-hydroxybenzaldehyde
i g A5 AS e /A= Pseudomonas o 4| 2 B
wlof glon] shite] eujEo 2 ol o2 el o,
o] Q| =2-& Pseudomonas putida NCIMB 9866 2} NCIMB 9869
o= pchACXF (Kim et al., 1994)2} Pseudomonas mendocina
KR1 (Wright and Olsen, 1994), Pseudomonas fluorescens PC18
I} PC24 739-= pcuCAXB (Joesaar et al., 2010) 2 T 7 ] o]
Qltt. pchA/pcuC= p-hydroxybenzaldehyde &4 a8 405
A5 31831 pchCF/pcudB+= p-cresol methylhydroxylase2-
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H,C e
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p-Cresol p—Hydroxy p-Hydroxy p-Hydroxy
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PHBDD
pcuB/A
PC MH

FESIE 20.2 okl A QIrhFig. 2). A1) AL B0l 4
2} EZE 7F31 Q) 01 £ subunit-2 FAD-S, Z-2 subunit-2
cytochrome ¢& FH-7-31= 51 A (periplasmic) THa 2 =2
ot A It Cunane et al., 2000) pchXpcuXS 43 slsh=
w2 0] 750 thslj A= Ll R R] YT} P. mendocina KR1,
P. fluorescens PC183} PC24 w522] L & W E|+= sigma-542}
o5 AT W) W 2 HALEE XyIR-3 ] FA}
A pcuR)®l o)l T O] 2AS W= 0 2 odejA i}
(Joesaar et al., 2010).
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Fig. 1. Catabolism of p-cresol by P. alkylphenolica KL28. In this strain, three independent initial degradation enzymes encoded by lap, pch, and pcu gene
clusters are involved in the catabolism of p-cresol. PCMH, p-cresol methylhydroxylase; PHBDD, p-hydroxybenzaldehyde dehydrogenase.
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KL28ApcuB
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100%

Fig. 2. The pcu and pch gene clusters in P. alkylphenolia KL28. The pch gene cluster from P. putida NCIMB 9866 is also shown for comparison. A black bar
in each gene cluster denotes the deleted portion in the mutant. The restriction sites discussed in the text for mutagenesis are also indicated.

Korean Journal of Microbiology, Vol. 52, No. 3



300 - Sungand Lee

A 2eE 71E
mucA Ho|F+= 2]5F& 0 & 2= Q 3F polymannuronate THE ]|
= 5 A= 13 24 Ali-o|th(Veeranagouda et al.,
2011; Mulet et al., 2015). 0] tF= p-cresol& 37| SO 2 F
ot 27] 5-109 H=7kA] = HhHdome) FEf O] H -2 &
HSIE7L, o] B0l ROl o127k 2-4 mmEls 7S
2 WA mope] FRAS BASHE Sus e B 2
= Aleteltt. o] 3R M| 22 F25 55 A|(aerial structure) 2}
H3lth(Lee and Veeranagouda, 2009; Veeranagouda et
al., 2009, 2011). ©] #5= para F= meta Y X &4 15
(C-Co) 2= Hlm= A 5= 3o, o] & SRtE lap-
ARl frEstE o] Rl Lap ) 7= 2l sf st
(Jeong et al., 2003). lap GARNE0] 1A SAR} Bl ths

15 B2 P. putida CF600]| 4] BHAE G- A2 (dmp) W

O Az} 243} Aol A ZFol7F glom, A X*ZM
subcloning2 53t 49| 7|3 Eo] X Ao A= 7]&
o} 2407} 9188 oF 2= 9JQIrkKim ef al., 2005; Cho et al.,
2009). T8 7| ZATL| A gfp GARNE TaboH= AlTE ESA
EEG AR5 p-cresolE p-hydroxybenzoate 2 £-3f & 4=
U= peuRCAXBE 74813101, o] FraAb=t-2- oA ulj #] o]
At g Ao A T wol wralEls AL WIrhCho ef
al., 2011).

H Ao A= P. alkylphenolica KL28 450l ZA5}=
p-cresol &) 7] thAte] kofdt= 7] Eo AR lap} peu 1
AR B peh AR RS S8kl oH, Mol Bl e
L] 9] g ZE|(reporter) WH 42 53l o5 37 AL
o] p-cresol ThAto]| Trofsh= A& ¥d 4= Uk

P. alkylphenoliaZ} A&7 HE AF0 =,

1l O —

oH. rl

i

T2} HHX|

P. alkylphenolica KL28 (KCTC 22206) w5+= B3 x| 2
LB v} R] &= F17] g oFu) X| 2 mineral salts basal medium
(MSB) (Stanier ef al., 1966)2 A3} th v & &= =28°C
oj it} Wol =0 A A H ghp #l 2H A EE S A
3317] ¢4 =2.5 mM EAaH(p-cresol, m-cresol T} L =)
2 Z§F5}= 50 ml & MSB Hl| X] & 250-ml Erlenmeyer S22
2o H7tste] 214 wRE7]of A 160 rpm = v Fs}GiTt
o|w LB HA| vl 2] ol A HAY vl FR v gFel 20 plE X\j}—@}@]
0121 WJQA| 2bol w2} A] 2 7] % ODgeo} GFP 2hle)
ZA3}9 ). Escherichia coli= 37°Co|| 4] LB v XS 0]-8—0

=32l A Als2d Al3E

of ufj st At A9 v x| of Hd-2 1.5% H7kste] gt
A RS WEA, *ﬂi W Setin =9 fA15 AsliA=
agt FAYAE 720l AHESE =2 iAo d7Fskdct
(Yun et al., 2007).

LA 2% 2 KX ASY Hlw

P. alkylphenolicaZ5-€] A £2], Aot G40 23}, 7
ZH(conjugation) ¥ PCR-2 7] A9 WS 73} THLee
etal.,2014). P. alkylphenolica®] G4 2] F7] A E =2 HE

Q3 S A} AW E 342319 01, Bioedit T2 13 9]
BLOSUMBS62 score matrix (http://www.mbio.ncsu.edu/BioEdit/
page2.html)Z 0] §-5ko] HAHE Th A ofu] Ak A 0] A%
42 2AYSHATL. P. alkylphenolica KL28 9] %] 9] A &2
NCBI #1313 NZ CP009048.1°]t}. KEGG H|o]EjH|o| A
(http://www.genome.jp/kegg) & °]-8-3t] 57 Thaf Aol of
3l ortholog®} paralog TH AL A MsIgIct G4} A E
SimVector 4 & 132 A18-5}o] A Z514 )

P, alkylphenolica KL28 A lapB tHO|3=2| XX}

JJC230xmaF (ATACCCGGGATGGCGATGACAG)2}
JJC230hindR (GGCAAGCTTTCAGGTCACAACG) =z}
o] F o]§3to] 1 kb lapB T HS PCR FE3}G L] ol5
pGEM-T easy HE|(Promega Co.)ol| 2351529, lapB T
A O 7hg-d|ofl A8tz Psrd At of] AL FH o] A AH HE
HAIE WA FAARL Te2 -34S 229 51] pGEM-T
easy-lapB::Tc2 5 AZSFATE Te2 -GHAR} 7| E= 7]& p34S-
Tc2 (Veeranagouda et al., 201 1) 2 5-E] Pstl 43} 50]| 3|45}
e} o222 pGEM-T easy-lapB::Tc2 HE|E- HindIIl/EcoRI

B2 2315 5of| Pseudomonas ol A= EA| 7} =] A] Qb= A4k
W E] Q] pK18mobsacB (Schafer ef al., 1994) 2] ZH& A|gta 4~
Ao 223 35}Fe] pK18mobsacB-lapB::Tc2E A A5} th
E. coli DH5a0]| ZA3}= pK18mobsacB-lapB:: Tc2 & 2}
E. coli DH5a (pRK2013)E 0]-8-3}o] 352 &A1 7](triple
mating)S 53| P. alkylphenolica KL289]| 3t 0 2 =93t &
o AT H EA| S Z3H= LB vl A of| =Esto] P.
alkylphenolica K1.28lapB::Tc2(AlapB)E ¥ 3} 21 PCR
o B3 Wo| =2 3ol5tA K Lee ef al., 2014).

P, alkylphenolica KL28 A pcuBRt AlapBA pcuB $HO|Z=2|
=t
g

A

il
I

A4t ERAEZZE O Z A|ZE P. alkylphenolica

l‘]l‘
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CI5 Ho|F(Cho et al., 2011)o 4] A E S| T Nrul 0 2
A 3}5}o] E. coli®) oriR6K E-A| 7] S 7= self-ligation ®l &
giAu]| = 0] pSHSE A 2519 0.1, 0] Sall 43} 3-0]) 2.5-kb
O pcuBE ERFoh= FitS 345 Te {34 7N EE Sall
A3}2 A A3 p34S-Tce (Dennis and Zylstra, 1998)°f] 224
sttt o] 2A WEo]7l p34S-pcuBE EcoRI 4319} self-
ligation< 53l pcuB A} 59| EcoRl £3F6h= THH
(Fig. 2)= A AT, o] HE & ThA| Sall & & 4-3}5o] 5
7} AIAE peuB §AAE 545101 pK18mobsacB ] Sallo]
2493} c) o] A w50 R ¥ E] = pK18mobsacBApcuB
o musiolon] oA Qe T o] g B4/ S
5o ko 2 KL28vtol| I={l8te] o5 axl(double crossover)
oI35 4B}, KL28 20l A peub7} A E AL
PCR 2 8115} .0] peuB7} 4|78 391 Fig. 29} 2e).
3l pK18mobsacBApcuBE- AlapB ¥l o]0 T={151o] AlapBA
pcuB WOl A&

P. alkylphenolica K28 A lapBA pcuBA pch tHOIZ=2| XEt

p-Cresol 23| G-AAS €H443}7] 93 pLAFR3o|| 221
E o] =KL28 #+59] A A} library & P. putida G7.C-1 3
3o 2 Q) & prcresolol] A= B A Helals
thJeong et al., 2003). P. putida G7.C-12 p-cresol-= A9
0.5 0] g3 £ sLto) @A MeFRRE Sepan|s
£ 3|4=3t9l o™ Hindlll 23} 0] 6.8 kb T (Fig. 2)&
pUCI9 (NEB Lab, Co.) #E] o]l 2521da}9ic}. o] @7 A2t
WEIS TIA] Bglll2 434510] 2.6 kb Yol A pohd-
pchF 9] X5 A 73} th(Fig. 2). Self-ligation 3-o]] BamHI
I} EcoRI 4-5}35}o] 551 1.6 kb 2] THH-S pK18mobsacB o]l
Z2sto] Jgto g oA A2t KL28AlapBApcuB W)
Foll Q) §F Fof| o] F WAt Mo E Al o o] &

3| KL28AlapBApcuBApchE AR5} th

GFP i 2f|=ZE| HIE|o| AMIZF ! GFP Woie| =X

9 AR} pchA2] T2 TE] 2|2 P PchAF H(CTGAAGC
TTAGCGTACCGCTGTAG)9}P_PchAR_E (ACGGAATTC
ACCGGCGATCAGTAG) Zzlo|HE A23}] 0.6 kbE PCR
B 53350l pGEM T-easy HlE o] 22 J ko] G714 D=
3}215}9]t}. 0] thA] HindlIll/EcoRI 43} 30| gfp G-AAE
@) L 2 Zk= = 2 1 g 24 ¥ €] pPROBE-GT (Miller ez al.,
2000)0f Z2J3I3r). o|FA el WE S ppchdy-gfp
2 Wyt ow MO 2 P. alkylphenolica KL28o|| =] 3}

of o] gadof thel gfp TS ARSI HAA
peuB ARl gfpE EFFSh= EHARZE B0l CIS (Cho
etal.,2011)=pcu LY 22 TZ2 R E 7} peuC FAA} o] &
Aste R K=ol X= P. alkylphenolica KL28 (CpcuCy-gfp)
AR Yotk B3t 71E 5 lap ZERE O gfp
@) 32E] 2] pJIR1 (Jeong er al., 2003)2 ¢ o] & 32 E] W 9} 4
A vlaLst7] 18l plapBy-gfpet thA| T8 SFATE. GFP &3 2
A& 5457 Yo Al E AE g = 3142510 ODeso©] 0.1
o| A Wt H Al d = 273 5 28987 (Shimadza Co.,
model RF-5391PC)E ARE-3}o] 450 nm 22 ZA}sHe] 509
nmoll 4 SPGB S Sl o) o] 2419} 3
A AEE 91T o] W9 splin = B3 nme] Ak A
917} 21 ] ope specific GFPE A4¥stg 0 o]
& T2 ODgeo k& & UHo] ALk}t

O

B e

e S
of N

o rr

2n Y o
P. alkylphenolica KL28 %|0f| ZXi5H= p—cresol CHA}
Exte| Ed

H Ao\ A = P. alkylphenolica KL28 45=2] p-cresol
2 922 0.2 lap} peu §AAF-E 5451 ThJeong
etal.,2003; Cho et al.,2011). lap FZ A} -2 p-cresol ¥ o}l
2} A A1) &har 7 SANTIR| = -8 7 e Rt thRt 2 A
T & Him7E wolists A o= AP A Q) o] Lap &
3} 74 2= lapKLMNIOP (-7 A tag 1, PSAKL28 05870~
PSAKL28 05920) -f14}e]] oféf} ef2}=]o] Q= th/di- phenol
hydroxylase (Lee, 2013)°] 2]} & H|&=0] 4-alkylcatechol
2 Z%}E] 31 extradiol catechol dioxygenase (lapB, PSAKL28
05860)°1l o3 W= 112 O] meta 35 F3l Bl ol =
= A0 &2 defA QthFig. 1). P. alkylphenolica KL28 +5-2]
peu AR (pcuRCAXB, PSAKL28 20230~20190)2 =4
BHAAE xS} p-cresolS p-hydroxybenzoate 2 E-a]|51=
A =Y F 0 2 et o], 7120 ¥l A proresol
1) AR ol7 &S & 4 Ak

ol 8sl X P. alkylphenolica KL28 «5+2] -7 4] E-4]
S B3 7} 59 PSAKL28 31420~313400]| p-cresol-2
protocatechuate & 5-3f 3-carboxy-cis, cis-muconate & 32
) & = Q= AAE U5 slele F- AR (pchACXF-peaHG-
orfd-pcaBC)o| ZA5l= A & 4= A A thFig. 2). B {-H=}
Z Yol 2A3}= p-cresolS p-hydroxybenzoate 2 238} 5=
TS peu FAA L} S28}7] 918) pchACXF = 7878 5}

Korean Journal of Microbiology, Vol. 52, No. 3
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ek o] AL 2|ofl B3] X P. putida NCIMB 9866 ]
85-kb2] pRA4000 St u| =0 ZR|3H= A7 A D1} 100%, P.
putida NCIMB 9869 2] pRA5002] -G-HR[2R=99% A sAdS =
ATk 2L NCIMB 9866 AR} Wloll= P. alkylphenolica
AR EE] 7)50] A QA 92 orf3 AN FpehF
A7} theof Akel ¥ o] QItKChen ef al., 2014)(Fig. 2). 21
2 P. alkylphenolica KL28 U]ol| = ZfAn| =7} 2R|5HA] &
=t} P. putida NCIMB 98661} 9869 w5+ P. J. Chapman B}
A7} 19661 @352 Hul sk ] 7o 4 el gh gl
(NCIMB culture collection). 7|4 o] T2 Pseudomonas A}o]
of EAsh=peh FAA =& A EAS ol & FAAAF o] K
)& 6 & HR| oF8 AJ7tof| & 7} o]5(horizontal gene transfer)
of AMTh= S & FaL Stk o5 FAAARE @)oll tnpA
(transposase) 2} impR (resolvase) o] A3}l §lo] o] & -F-H A}
o) A= golsHA sk eile 2l o= 37 rk(Fig. 2). Bhdef A
ARE] Tl O] ofu| Ak A of| A PeuC/PchA, PcuA/PchC,
PcuX/PchX, PcuB/PchF+= 72} 79.0, 59.0, 48.73}79.9% 2] AF
E/4E 5o, pch®tpeu FAANES Hek @5l AZF 5P Ao
2 A& A o= P,

P. alkylphenolica KL28 -+ RAA| & 42 53| 71 ¢ p-cresol
tjjAlof] 6] 3= p-hydroxybenzoate 3-monooxygenaseS
5313} pobd (PSAKL28 20260)2 8Holdt 4= 91,
protocatechuate 3,4-dioxygenase (pcaHG) 2] 2-8-of] 2] f| A4
%l B-carboxy-cis, cis-muconate5 succinyl-CoA 2} acetyl-CoA
2 Z%5}= B-ketoadipate £3 20| U x| 45 458}

sh= =Y G AARE peal JFTBDC (PSAKL28_09980~10040)
2RI 4= 1 3ith B-Ketoadipate thAfel] Hofdl= A4

Sfah A Alol wheh choket-§ 1 23
t}. P. alkylphenolica KL28 )| A YA &= G- AR} =
. aeruginosa PAO1 1} S U3 AR} $A S 2k 9= A
UATHLi et al., 2010). o]/2] Aol A EH KL28
p-cresolS 0| 83t= 517] Y& lap FHAATLS o] &
3l A 29} B-ketoadipate H3l A RS FAlol ZEaL Q=
& 4= QITH(Fig. 1). T 29| p-cresol2 p-hydroxybenzoate
Ka17] 9181 271419] M THE S 28 24 9l 2

ok 4= 1%

foir |
o

]I.?l_‘,

ol o rlo WY e

IN e VR a2 o
4 8 32

rr

r

el

3
)

o Hu
o L o

lap, peu, pch RTKIR| p-cresol CHAIOIA &t L Hisi EM

p-Cresol Hao]] 0|5 371 §-2A}22] &8-S oFopwi7|
af s gl ol A= 2 frd Akt o] Wol 2 AlAksted p-
2 m-cresol-S B 0 2 H715F MSB Bl 2] of| 4] A%+ 53

AFH 5 QFH(Fig. 3). p-Cresol S EbA Y0 2 A3t 7H$-

o

o

S

=32l A Als2d Al3E

TR AEE Ho s bt FUt A4S Bl o]
] B 7}-A| 7 doubling time)2 2F 3.2 A]7to] $Act. 18U pcuB
Ho]F=0] v Z7FAI 7S OF 5.6 A17FO. 2 p-cresol& T O &2
o]-§stA| Rl AgAo] A A El= AS & 4= AU lapBLt pcuB
FA| o] = peuB Wlo]| T2 Fehd = 5 {26154
Tk A9 FUet S ® ek 12|y lapB/pcuB/peh T 05
= p-cresol o] A} /g7 B o] 2] FYTHFig. 3A). 7]E Aol
A AR lap FAAT-S EFFSH= P. putida G7.C-1(plJ2)7}
p-cresol o] et A-S B 53519 3(Jeong et al., 2003), catechol
F2] meta £3)0] 2J3) AY7]= A=A o] p-cresol = 3}
= o) F4 == Zlo] W= UTHCho et al., 2011). 1w}
2HA] lap AR p-cresol 0] Eafjof] T Eh= A& o = QL
Atk et lap WO E 7} Hatit fARE AR SRS Hol=
A0 & Hotlap AR HAH =] of| A p-cresol -3l of| =
A 7] od5}A] k= A 0 & B ¢t} p-Cresol 2] JL& o] A A A
&l m-cresol2 X3} lapB |- Z A7} ¥H O | X] k-2 =0]| A
U AJA-S Bk A2 Bofm-cresol lap -7 A ko]l At
X0 & o]&dl= AL ThA] ERIE 4= QI qict. ofuf v 7FAIZE
2 oF 7.2 X7t $lth(Fig. 3B).

NAENA] Wi F Al FAARe] W Y e 5 v sty 918l g
gl 2 ¥ WEE AR5 p-cresol 8 FAARES HH 54
S AT B QITHFig. 4). pch A= a2 HAY O & o]
Sk 79 0| Wdl =)= BHE, p-cresol of] & 5f 75HA| HUrE

oo

—o— KIL28 —#— KL28AlapB
KL28ApcuB —— KL28AlapBApcuB
KL28AlapBApcuBApch
0.3
(A)
0.25
=
o]
R
o

0 12 24 36

Culture time (h)

Fig. 3. Growth of P. alkylphenolica K128 and its mutants in the presence
of 2.5 mM p-cresol (A) and m-cresol (B). Experiments were performed in
triplicate. The results are mean values and standard deviations were less
than 10%.
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SEI=rgo]l &J8f p-cresolof] 23t W& o]
HH= A9 ok 42 9)9i). EaHFig 4ol T
AlBHA] QEQF AL p-cresol S BHAY O 2 A3 MSB gHH
Z]o]| A specific GFP Q] &2 9k 5.5 =50 & peh A7+
AL LA T A o= A& & = UM o] Zh2 A A vl x| of| A
32.79) Gt W] a1 poh §RAE-L Aol A Bol W

= 2a &5 AT peh A= m-cresol o] o] 3f ==

2 Q. whekA peh SRR pou SRR IS 2] 1L
Aol A BTk A Ao T ol WrEEls A o 5

1]}k P. alkylphenolica KL28 9] lapi} pcu 32 WL E] H.9]o]|
+= LysR/XyIR-3 9] transcriptional regulator & ¢ 3 3}5}+= &

M 24h
33 I 4sh
30
£ s
G}
220 0
S
2 15 i
2
10
. n B
0
Gle p-Cresol m-Cresol  p-Cresol + Glc  p-Cresol p-Cresol

(ppchd,~gfp) (PpchA-gfp)  (ppchA,-gfp)  (ppchA,-gfp) (plapB,-gfp) (CpcuCy-gfp)

Fig. 4. Specific GFP values from P. alkylphenolica containing gfp reporters
at the culture times of 24 and 48 h. The gfp genes under the pch4 and lapB
promoters are in plasmid (pProbe-GT) but that under the pcu promoter is
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respectively. The carbon sources used were Glc (glucose), p-cresol and
m-cresol at the concentration of 2.5 mM. Each data represents three
independent experiments with average and standard deviation values.
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Fig. 5. Photographs showing the levels of GFP expression from the promoter reporters following incubation at 25°C for one month. The tubes contain cotton
with 50 pl p-cresol for vapor supply. The diameter of the tubes is 6 mm. The insets are enlarged photographs of aerial structures formed under each tube. All
photographs were taken under a UV light at 366 nm from the top of the plates using a Nikon SMZ1500 stereomicroscope.
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