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Cloning and expression of the hydroxylamine oxidase gene of Nitrosomonas europaea in
Pseudomonas putida. —Note— Tatsuakl Toxkuvama, Yusuke Tomita, and REeijn
TaxanasH1 (Department of Agricultural Chemistry, College of Agriculture and Veterinary
Medicine, Nihon University, Setagaya, Tokyo 154, Japan) Hakkokogaku: 66: 103-107.
1988.

Gene controlling hydroxylamine oxidase (HAO) in N. europaea were cloned and
expressed in Pseudomonas putida. EcoRI fragments of Nitrosomonas chromosomal DNA
were inserted into RSF 1010 vector and introduced into P. putida. By screening 3,000
transformants, one clone expressing HAO activity was obtained.

The plasmid pTT54 maintained by this clone is a 13.6 kb plasmid containing
a 4.7 kb insert. A clone containing pTT541, a plasmid reduced in size by removing
a 1.0 kb fragment, also expressed HAO activity. The clone containing pTT45, a
derivative of pTT54 containing the 4.7 kb DNA fragment in the opposite orientation
also produced HAO. Thus the fragment apparently possesses the promotor region as
well.

The activity of HAO produced by pTT54 was about 109 of that produced by
N. curopaea. The results of the present study suggest the possibility that genes of
autotrophic bacteria such as N. europaea are expressed in heterotrophic bacteria such as
P. putida.
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INEBRBELTORVIEETTIKREDTNSDT,
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KBEIZT v e=TBILROHFTH 2 BLREFHH
WERBRTEEE, DPEDRELFAELTOBERLDART
ETH -7, 402, COBRTRERELEKAELTY
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Pseudomonas ZHEBFEBMEOLHI TR, £ OEFE
P E IR LR EE E R OBUL TS /7 7))
TTHB® b, HAO BIzTFERERT 57k
NI NZEETHS. €I T, P putide ATCC
12633 E#EZEE & L, RSF10109 2 ~7 2 —IH
WTvay bW vra—=yv 2Rl P putida B
O¥Hi3, BY ¥ (Bx+2X0.5%, ®YRT bV
1.0%, BRx+20.1%, #krtVv20.2%,
pH7.2), 53037  / BERYR (40 ug/ml) Z im0
Zfc MO B 2R U7, BE3E3ER, Kt 100 ml
AD 300ml =773 RaZH, o—F2Y)—Y 2
—#— (150rpm) jt & b 30°C T—KfT-7z. #H,
i, BEWK, RISHSCHVCEERER, fMEXT
¥mm%E, /o DNA, HEEEE ENERSR
EHEERNE, AL v EBER Sigma
Chemical Co., Ltd. B2 T h T hEH L. M
europaea 15 MD4 DNA D43BEIZ, Marmur 32 T
EDFFotc. RIA—FFR I FOEREGRKDS 5
Z 3 FO4EER, Marko 5% [tk BT vh YHIH—2
RNy X RN U, Fi, THe—
245 v ED DNA MR i, Charles 50 FE!? itk
S>THIHERI LTz, M. europaea O Hefa{k DNA &
RSF1010 i3, & bICHIRBER EcoR] THRLEL
7z. RSF1010 BHohldTrh YV hRT7 74—+
MEBEREL, fEERDO) vEEETRELL. Chb
DNA 37=—=Y vJ1#%, TADNA Yy —FickDHE
ROEEHEL, B S5 R FRENLEL. B8,
7523 F DNA OHEREERIC K 55388 KU
#:13, Maniatis 5!P{C X 3 A Laboratory Manual {C#&
Cr. TDF5 23 F% Molholt 52 DEEICELD
P. putida ~BA LI, B—RRAI ) —=v 7B
2 RERKOIIRZ, RSF1010 OEHfEE~—»
—THBA LT =4 v (Sm) % 150 ug/ml EF
TRVTT->7. £O/RER, #3,0008kD SmR BKA31
Shic. TNLLATORKIRDNT, BRI Y —
= VIR, TEbh, HRAKEROwAVF L

—FDEY 2T 0ul @ 20mM ) EEEER,

pH8.0 2Ah, BEZ—YTEy 77 v LIFER
EELOoo=——2BEIE/. R, 100 ug/m]
BEDoe Foxyrry I v 50ul nz, 30°C T304/
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EEFR L. BB L7 pTT54 © EcoRI AEic kb,
# A DNA |3 4.7kb

pTT54 |3 13.6kb T&H D,

Fig. 1. Agarose gel electrophoresis of pTT 54 and
RSF 1010 digested with EcoRI.
Lanes 1 and 6, A phage DNA-H:7d 11I; 2, pTT 54
/EcoRY; 3, pTT 54; 4, RSF 1010/E¢0R]; 5, RSF
1010. Lanes 1 and 6 were used as molecular
weight standards. The sizes of the fragments are
(from the top in kb) 23.1,9.8,6.6,4.4,2.5 and
2.2. Electrophoresis was done on 0.7% agarose
gel in 89 mM Tris-23mM phosphate buffer,
pH 8.3, 100mA for 1h.
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7z. RSF1010 2 Fu—7 &5, =v 7 b5V
A=Y g YPICEkD PP ERET-THBLL. —
5, pTT 54 @ EcoRl 3=t uotn—27 4
NE—itTayF 4 vy® Lz, Fu—7 DNA &
74 vE—1D DNA W ED N, T Y FA4 €=V
3 |3, Bernard!”jc & 3 Laboratory Manual iC ##1
LTFro7-. ZO%EE, Fig 21c;rRU7c@ED,8.9kbiT
YT 2 DNA WFICN4 7)) » F@RB L.

X 5ic, N. ewropaca ® DNA % EcoR1 538 L15}
BYOD7 4 vE—iTH LTI, pTTS4 Fu—7284.7
kb DMFICHL N T v FT 308D ohi.

Fig. 2. Southern blot hybridization of pTT 54 and

N. europaea chromosomal DNA digested with
EcoRI.
Electrophoresis was done as in Fig. 1. Lane
1 and 5 (A phage DNA/&ind III), 2 (pTT
54/FEcoRI)., 6 (Nitrosomonas DNA/EcoR1),
Ethidium bromide staining; Lanes 3,4 and 7,
Southern blot hybridization with 32P-labeled pTT
54(3,7) or RSF1010(4). Plasmid pTT 54(A)
and chromosomal DNA of V. europaea (B) di-
gested with £coRI were transferred to a nitrocel-
lulose filter after electrophoresis.

DNA Insert
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Fig. 3. Restriction map of pTT 54.
Open bar ([]) represents V. europaec DNA and
filled bar (Jl]) represents RS¥ 1010 DNA. H):
Hap 1

DT &3 8 9kb Y A RSF 1010 ©&H 1, 4.7 kb i
B3 N. europaea iR DIEA DNA WK TH BT L%
A LT

pTT 54 DOHIRBETINHROAR S HAO BETF
BRI EEODhITRD, ROBVTF-7. pTTH I
B3 N europaea O 4.7 kb A DNA Mk OYINT
AR AER L, Fig.3 RARL:. R0 SN EX
3¢, Sacl, Sall, Bam HI, Bgl1l, Cla1, Smal itk
S TENENR1I4TFR, Prull T24, Pstl, Kpnl
TIPS A T EHHEF L. i, HAO &
EFORBICKHELR/MESEHOPICTED, &
EFEBAERE~N. 2T, £hZhoPiiiE b
2 FEEOEIRRRESICK -~ T pTTH 24 Lc. €L
TENENDOAEFREESE Mung Bean Nuclease!® jc &
STHREBLIH, T4 YH—ERE>TENVTS4H
—¥ 3 YEfFots. UT 2 oDGMERAIEREE
¥ BaRONBLLTF A FEEELR. Fig.3 TR
L7 8l A bRic 384 T, RSF 1010 @ EcoR1 GIHTAR
&1 0.1kb D Hapl LBAME D Sall D
1.0kb Wi %/R&EE ¥/ pTTS4Ll ZEH L. &
FEANE D Belll & Smal B0 1. 4kb MR %K%
X47- pTT542 ZER L7z, X 5ig, A DNA iy
FhoSoe—s —8uEiHEET 5700, 2D 4.7kb
#EA DNA MR £ & ic kX €7 pTT 45 2R
L.
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Table 1. Expression of hydroxylamine oxidas e
activity of M. europaea in transformants of
P. putida.
Strain HAO activity* (%)
N. europaea ATCC 25978 1.9  (100)
P. putida/pTT 54 0.145 (7.6)
P. putida/pTT 541 0.226 (12.0)
P. putida/pTT 542 0.012 (0.6)
P. putida/pTT 45 0.158 (8.3)

*; HAO (Hydroxylamine oxidase) activity,
NO:-N (pg/ml) produced

PDEOBOEMUICHEBISSAIVREEDSRY
o— VAR HAO B2 flEl. ZORKRZE
Table 1 |IC7R L. 1535, HAO FEHOREIL H1c »7T,
M. eurapaea(i 7 BRS, P. putide DFEEHEEII—
ZNENERE UL, BRI, 7,000 rpm, 5805
BEL, BRE 0.02M v v EfEEKR, pH 8.0 T 2 [t
L7, BEEEDSERERERVT Klett {560
(Klett Summerson S¥NEEHICEK B) ZRTHEER
WA EM L. CcOBEK 1.9ml i 1,000 pg/ml
BEOL FoFoL7 3 vk 0.1ml jnz, 30°C
TOAMRS X7z, SKicERBEERRRE (A),
(B2 zn£{ 1ml FHinL, 30°C, 303 EREL, &
FLE ., COREEE 0.02um DI YRT—7
42 —%BL, TOREKROEIEEZAEL. K
O SBT THER U BHEE (NO:-Nug/ml) %
HAO EfEE LTERL. pTTE 07 a— v 3FE
#E{HO. 145, pTT541 O 7 o — v 30.226TH Y, TH
5D} M. europaca DIRTTEHHEDZ VTN 7. 6%,
BEU129TH »7z. — K, pTTs420 /o —vick 3
HAO BEMIZIZEA SRS ORI M o7 pTTH42 D

EEE pTTS QIO EERELTWAY, Thid
Pseudomonas B O EHHEICHELULb 7. £ LT

Sall & EcoRI [ 3.8kb @ DNA I, Sa/l-Kpn 1 [
ORY, Clal-Smal BORETELEENRBDON
7. DT &S, HAO BIEFIE, 121X D 3.8kb
@ DNA MR Eick a%&ﬂ:é:hﬂ\% bDEHEZXN
72. i, pTT45 @Y o— VBT, HAO FERD
RERZBDONE P o7 &, TOHEA DNA
WA kB3 7Foe—2 —DEESHERINI. 1
#, RSF1010 @ EcoRI #HHric DNA m}%—%;@;@,
72 itk »T, Sm mﬁ@zﬁlibﬁ%éﬂ_ﬂ‘
NEho7e.

HAO BZDAFHICIOFTFONL c 230 HFR
H5175,000~180, 000D WFH 4 v /) TH DB EHBTT
¢, Yamanaka SICE DB HICENTNS. P E 7,

SEEC OEERIZHTFE220,000, 0, BOY T 2= MK

351y, T/ P-460 2 EATVS L EBHEL
NTOBOFIROFEREDLS, MYEUA pTTH4L T
B33 3.7kb OIEA DNA W TOREARETH »

ML, CTOEEFE, £91,2305D07 1/
BOa FriciinBs, 73/ BOEESTFESE 135
LB L, #166,000 DAFEDPSEZ L V7 HD
EREETC LIS, COERREINTVS ER
O HAO OHFEID/NENS, Fr7on ¢ FO

ZRERDO—EOBEFOLIBI— FINTVELC
LEREET D L, FEHEOROERSEAINS TTHELE
MEZ 51 3. —J, Yamanaka 5203, in vitro TD
HAO FEHDORBDIDICIE, BVIOBTEZAKT
5F b7 oL c-554 7!7%%%’635«5 P yotia Lﬂ:
W3, L7ch-T, HAO BEF OIS RBED:
BTy, FEEOF b7 oL 554 DAREETFH
DNA Wi EIca — FEINTWV BT EMBREATH B &
ZZ ok, —3F, Pseudomonas TI10BRE DRI
2 bNT- DL, Pseudomonas |T Nitrosomonas O F
b7 ma o554 DEEEERD bOBEET SRR
HMEINS. WTNIKLTHINETTEESIL,
SNHEBHEETH B Nirosomonas D BIZTF % HBXR
BHBETH B Pseudomonas THREIVBI LT, H
BROSBEABNEE»OPTVRETHL LE
FRLTOE. LaLEds, AEROOERDPS,
A1z EORFDTAREND S C LE2RD. 4K,
HAO SEEFOEEEFIOHNT, HFEDOLI T oE—
2 —hSILBEEME ADBESICOVTHRETLTVL
FETHA.

#DIC, KFRICHRY, P. putida FONS, BVKNY 5~

RSF 1010 2Bt SN = (LRERRERER, BRI
Bl ERLESET.
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