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The high-affinity nickel transporter of Ale ulmmm entrophus H16 is encoded by gene hoad, which mups within the hydrogenase géne clusier of

megaphismid pHGL A tripirtite gene fusion was constructed, congisting of (i) the Eselerichin ¢oli lueZ gene Tor flgulictosidase, 1) a segment.

encading un endaproteolytically ¢ledvible pcpude. and iy the A, eutrophies gene hox N AR B, eoli strain harbaring this construet (plusmid pCH207)

efficiently pradueed the c.orrc:spundmg tripratein upon induction: A broad-hostrange derivative of pC!lJ(ﬂ wis shawn to complcmcm un A,
eitraphes HoxN~ mutunt, ‘

Nickel transporter; Gene fusion: Fusion protcin: Alealigenes eutraphus

1. INTRODUCTION

~In Alcaligenes eutrophus, a Gram-negative hydrogen
bacterium, nickel uptake is mediated by a non-specific
high-capacity magnesium transport system and by 4

high-affinity low-capacity nickel transporter, The latter

was shown to be encoded by the megaplasmid-borne
locus hoxN [1]. Recently we reported the subcloning of

the AoxNregion and the nucleotide sequence analysis of

gene hoxN. Evidence was presented that the oxN gene
product  is an integral membrane protein with a
molecular mass of 33.1 kDa {2}

To elucidate the mechanism of high-affinity nickel
transport at the molecular level it is necessary to purify
and to reconstitute the carrier.- However, purification
of transport proteins in general is rather difficult
because of their conformational instability in the
solubilized form and their tendency to form aggregates.
Gene fusion . techniques provide strategies . for over-

coming these problems. A major proline carrier, the -
putP gene product of Escherichia coli, for example, was -

successfully purified after fusing putP to lacZ via a
linker sequence encoding a collagenolytically cleavable
peptide [3,4]. Expression of this construct resulted in a
fusion protein which was subseéquently purified by af-
finity chromatography using anti-g-galactosidase 1gG-
sepharose, The carrier protein could be released from
- the hybrid by collagenolysis.
In this letter we describe the construction and proper-
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ties of a triprotein consisting of the nickel transporter,
a peptide linker containing recognition sites for col-
lagenase and endoproteinase Xa, and g-galactosidase.
2. EXPERIMENTAL

The bacterial strains and pl:\smnls usedt in this study are hsmd in

" Table 1. Recombinant DNA echiiques as deseribed by Sambrook et

al (7] were applied. Site-directed mutagenesis: without phenotypic
selection was carried-out by the method of Kunket {8). Vector and
hybrid plasmids were transferred from E, coli 1o A. ewtrophus by con-
Jugation as deseribed previously [9]. Proteins were separated by
sodium dodecyl sulfate polyaervianyid gel clcurophorcm (SDS-
PAGEY accarding to L. acmmli [10). : ‘

3. RESULTS AND DISCUSSION

3.1. Construction of the gene fusion

The strategy for construction of the gene fusion be-
tween lacZ ' and hoxN, linked by a DNA fragment en-
coding a proteolytically cleavable peptide, is illustrated
in Fig. 1. Plasmid pCH231 [2] was subjected to site-
directed mutagenesis: a recognition site for restriction

- endonuclease. BamHI1 was generated: by an adenine-to-
“thymine exchange, 22 base pairs upstream of the hoxN

initiation codon. The plasmid containing the modified
sequence was designated pCH289.. A 1.2-kb BamHI1/
Pst] fragment of pCH289 was inserted between the
Bglll and Pstl sites of vector pAXdb+ yielding
plasmid pCH307. pCH307 should encode a proteolytic-
ally cleavable fusion protein (the relevant segment is
shown in Fig. 1). Thus, proteolysis by endoproteinase
Xa should yield a nickel transport protein with 16 addi-
tional amino acid residues at its amino terminus. It is
unlikely that the additional peptide will interfere with
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Table 1
Bacterial xtrains and plasmids
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Swrain or plasmid  Relevant charseteristies® Reference or vouree

Alealigenes
enirophus ‘
Hi6 L HoxN=*# ATCCIT6HY
HF60 hoxN 2 Tnd-B21, (21
, HoxN"*
Escherichia coli ‘
WM1704 SlacUisy Jdon W, Messer, Max-
‘ Planck-Inst, fiir
molekulare Genetlk,
: s Berlin, Germany
pCH231 hexN, Tlori, Ap" 13
pCH289 hoxN. (lorl, Ap' This study
PAXAb + laeZ *, Ap' medae GmbH,

" Hamburg
pCH3O? hoxN-in. pAX4b + This study
PFDXS00 plSAori, Km', taclt (s
pIRD21S © RSF10100ri, mob, [6)

‘ Km", Sm’ ‘
PGET90 pCH307 in pJRD2{S This study
pGELYL a 2.2-kb Hindlll [2) and this study

fragment containing the
intact hoxN gene in-
serted into pJRD21S

“ Ap, ampicillin; Km, kanamychin; Sm, streptomycin; *; résistant
b The HoxN phenotype was formcrly designated Nie® or Nic™ (1,2}

nickel binding of protein HoxN, since the amino-

terminal end of the multi membrane-spanning nickel
(2].

3.2, Expressron of the gene fusion in E. coh

Plasmid pCH307 was transformed into E. coh strain

‘WM1704 (Alon Alac) harboring plasmid pFDXSOO
(fact®). The deletion in Zon strongly reduces degrada-
tion of artificial proteins. Transformants were grown in
10 ml NZCYM medium [11] to late exponential phase at
37°C. For induction isopropyl-8-D-thiogalactopyrano-
side (IPTG) was added to a final concentration of
1.5 mM and incubation was continued for 2 h. Cells

were harvested by centrifugation, resuspended in buffer =
containing 1% SDS, and proteins were separated by

SDS-PAGE. The results of the expression studies are
shown 'in Fig. 2. Upon induction, plasmid pCH307

directed the synthesis of a fusion protein with a

molecular ‘mass of approximately 150kDa (Fig. 2,

lane 4), For proteolysis of the fusion protein cells were -
grown in 100ml NZCYM medium and disrupted by
sonication. The crude extract was treated with collage-
nase or endoproteinase Xa as recommended by the

transporter was shown to be locatcd in the cytoplasm
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- Fig. 2. Expression. of the laeZ *-hoxN Tusion in E. callWM1704,

Steains were grown in NZCYM medium; where indicated, the lac
promoter was indueced by addition 0f 1PTG. Cells were suspended in
SDS-containing buffer, and proteins were separated by SDS-PAGE,
Lane 1, WMLT04(pFDX500: pAXdb+); 2, WMIT04(pFDXS00;
pAXdb+) - + PTG 30 WMIT4(pFDXS00;  pCH307); - 4,
WMI704(pFDX500; pCHI0M) + PTG 5, protein standard, T hie
triangles in lanes 2 and 4/ indicute g-galactosidase and the fusion
L protein, respectively,

manufacturers. Preliminary results indicated that the
fusion protein was cleavable (data not shown).

3.3. The gene j”us:on complements nickel (Ieﬂc:ency in
an A. eutrophus HoxN = mutant
Previously we reported the construction of a HoxN -

-insertion mutant of A. eutrophus (strain HF260). In

this mutant both growth on hydrogen as the energy
source and wild-type levels of hydrogenase: activity (A.
eutrophus hydrogenases are nickel-containing enzymes)

~ were dependent on high concentrations of nickel in the
medium [2]. We used mutant HF260 to test the lacZ '-

hoxN fusion for complementation of nickel deficiency.

Plasmid pCH307 was inserted into the broad-host-
© range vector pJRD215 taking advantage of a unique

Hindlll site in pCH307 (Fig. 1).  The resulting co-

integrate, designated pGE190, was transferred into

mutant HF260 by conjugation. Growth of the resulting

‘transconjugants on hydrogen under nickel limitation

and nickel excess was monitored: on agar plates in-
cubated under an atmosphere of hydrogen, oxygen, and
carbon dioxide at a ratio of 8:1:1 (vol/vol/vol). As
shown in Fig. 3 pGE190 restored normal growth under

- nickel limitation, while the plasmid-free control grew

only in the presence of high concentration of nickel. It

—te

Fig. 1. Construction of a lucZ "-HoxN fusion. See text for details. ATG, injtiation codon of gene hoxN; SD.,Shine-Dalgamo ‘sequence; MCS,
multiple cloning site; C, recognition site for collagenase; Xa, recognition site for endoproleinase‘ Xa, The sequence of the proteolytically cleavable
linker encoded by plasmid pCH307 is shown in the lower part of the figure; the amino acid sequence is given in single letter code.
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cannot be excluded, however, that the native nickel ~ ‘The high-level production of a  proteolytically
transporter, rather than the fusion protein, restored the cleavable fusion protein is the first step in the purifica-
HoxN* phenotype since the laeZ '-hoxN fusion con-  tion of the A, enrrophus nickel ion earrier. Reconstitu-
taing the Shine-Dalgarno sequence of gene hoxV. This tion of the carrier in lipasomes must await large-scale
ribosomal binding site could allow internal initiation of purification of the fusion protein and optimization of
transiation, the conditions for proteolysis by endoproteinase Xa.

v sp ' S " Bami sD
GEAACCGAGACAGEAGACTTCCAGCATG

GOATUCGAGACAGGAGACTTCCAGCATG

pCH231

slte-directed  mutagenasia
(5.2 kb) ‘

Piac

‘ 1.2-kb _BamH!/Pstl fragment
(6.2 kb) ‘

€ Xapggn pstl

pCH307

I E G R4V G » W N S V P D P R Q E T S § M
ATC GAG GGT AGG|GIC GGA CCA TGG AAT TCG GIA CCA GAT CCG AGA CAG GAG ACT TCC AGC ATG

Xa
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Fig. 3. Complementation of nickel deficiency in an A, eurrophiis HoxN '™
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