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Pressure regulation of quinol oxidase expression in Piezophilic

Shewanella violacea
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We cloned and sequenced the gene for quinol oxidase enzyme, with the subsequent partial purification and characterization of an
intact enzyme complex from a deep-sea moderately piezophilic bacterium, Siewanella violacea strain DSS12, grown at 50 MPa
pressure. Based on the deduced amino acid sequences, the enzyme quinol oxidase seems to consist of five kinds of subunits with
molecular masses of 74, 43.2, 36.6, 23.2 and 12.4 kDa, respectively. The enzyme contained 0.88 mol protoheme or heme o and 0.92
mol covalently-bound heme ¢ per mol of enzyme. Protoheme in the enzyme seems to react with carbon-monoxide and cyanide, and
catalytic activity was 50 % inhibited by 5 ¢ M cyanide. Nucleotide sequence analysis of the region neighboring the subunit I gene
(ecvoB) revealed that the genes (cvod, cvoC, cyoD and cyo£) coding for the other four subunits (II, III, IV and V) were clustered
upstream and downstream of the cyo# gene in order of cvod, cyvoB, cyoC, cvoD and cyofZ, respectively. Analysis of the deduced amino
acid sequence of ¢yo subunits showed that this oxidase is structurally related and has a high similarity with that of Zsc/erichia coli bo-
type quinol oxidase. Northern-blotting analysis of the RNAs, from DSS12 bacterium grown at several pressure conditions, showed
that this enzyme expresses in high level when bacterium grown at elevated pressure conditions.

key words : High Pressure, Piezophilic bacteria, Skhewanella violacea, Respiratory system, Quinol oxidase, Gene expression, Pres-
sure-regulation
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Fig. 1 Purification procedure of quinol oxidase from . vio/acea strain DSS12
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Fig. 2 Elution profile obtained upon ion-exchange chromatography of the solu-
bilized membrane proteins from strain DSS12 cells grown at 50 MPa
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Table I  Purification of quinol oxidase from strain DSS12 grown at 50 MPa

Expenmanmr Total Hema ¢ Protoheme QH, Activity*

Steps Protein (nmaol) (nmol/mag) (nmal) (nmol/mg) (umol. min".mg"
(mg)

Washed membrane 85 396.3 42 1923 20 -

Membrana extracl 74 3472 4.7 1582 21 21

DEAE-Toyopearl 38 1805 5.0 1140 30 68

BioGal- 9.9 539 54 445 45 227

hydroxyapatite

Sephacryl S-200 22 123 56 119 5.4 292
*Quinol oxidase activity was using | as substral

°Sinca the typical activity assayis run under detargent conditions, no value is given here.
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Fig. 3 SDS-PAGE of the strain DSS12 quinol oxidase enzyme. The purified
enzyme (33 u g of protein) was treated with 2% SDS for 20 min at
room temperature and then loaded on a 12% Tricine-SDS gel. Lane 1,
stained with Coomassie Brilliant Blue; lane 2, stained with heme stain-
ing reagents. M, molecular mass marker proteins (Myosin [206 kDa],
a -galactosidase [114 kDa], bovine serum albumin [81 kDa], ovalbu-
min [48 kDa], carbonic anhydrase [34 kDa], soybean trypsin inhibitor
[29 kDa], lysozyme [20 kDa], and aprotinin [7.2 kDa]. The molecular
masses of four subunits of DSS12 quinol oxidase were estimated to be
(I) 72.5, (I) 41.3, (IIT) 32.1 and (IV) 18.5 kDa, respectively
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Fig.4 Absolute absorption spectrum of the strain DSS12 quinol oxidase at room
temperature. The enzyme was suspended in 10 mM Tris-HCI (pH 8.0),
containing 0.5 g/l dodecyle maltoside.
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Fig.5 Carbon-monoxide and cyanide binding spectra of the strain DSS12 quinol

oxidase. The purified enzyme preparation (around 1.7 u M heme ¢) was
dissolved in 10 mM Tris-HCI (pH 8.0) containing | mM EDTA and 0.5
g/l dodecyl maltoside and was fully reduced by the addition of a small
amount of solid dithionite. The reduced enzyme was incubated under a
100% CO atmosphere for 5 min and the difference spectrum, reduced
+CO minus reduced, was recorded (dashed line). The cyanide-difference
spectrum, reduced +CN- minus reduced, was recorded after incubating
the reduced enzyme with 2 4 M, 4 4 M and 8 u M cyanide for 3 min,
respectively (solid line)

KEE T TR SNz, DSSI2HRDIEE 755 5 1%, &
WF M- Aok F DY - BIHEDER I LTV 525,
METFTORELYFHEINIAT ) - VX5 - B3,
Fhra—-LcFFTF-YiGMizelRmsy, £,
5u M CNIZ & b fHE S N7,

43



2.3 S violacea DSS128DNADZ LE T 77— 54 7
FV—oDF/—LFXFIE—EEEFOI/O—
Z 2T ERERIDRE
S violacea DSSI2RODNAT LY 77—V F54 771 —
% Stratagene LD T A ¥ Dash [1 77 — V74 T 7Y —
Fv FEHOWTERL , FrEoliikw 16wy, ¥/ -
WAXRT Y - BT EEOHMARIEKT LY 77 -
DA == T %ol FRINTBREOWED,
BRID aa3 5 4 7, B bo ¥ 4 T OKumMAL* 7 — v
FIF -V ERBHEUL TV 22 Enn, IOl
FoH T2y FIIZEEND, bok b IIRfESH
7O T I BEINCHEROE, LTOT T4~ — &k
i L7z,
Primer [ :
5-GTNTGGYTNCAYCAYTTYTTYAC-3
Primer 1T :
5-NACNCCNCCDATDATNACRTTRTG-3

KTFTA< - E2HWDSSI2ZHEDNA%Z 7 7L — b &
LT, PCRMIEZIT o7z A, YU TNy KES
N, ¥4V 7 by = v ZAO%R, TNVPHNOBERD
WIRIH 2 A TWS ZE DB E ), KPCREWY
BTG IONATIVFA X - arvEROTO-TL L
THWze A7) ==V TORE, W OhDRY T4
TTIT =B ELN, 206X - VX5 - Vil
VWA ZIRAL &b 0%, WRHEMIZESL 2 L I2KD
L7

BoN77-JLaryEdy MEERL, 5 MR,
Moz o —=r 744 bOFEERINHE VRS Lz
77 4= — (Stratagene f1:) 12X ), 17 PCR#: (LA-
Taq, Fil3E) 12C, #20kb DIFAT T 7 A > b % HE
L, Yav "Ny =—ryyyZPcEh, K: -
T ¥ V¥ - BHBIET EETEDNABERG %2 gue L7z,
YEIEBCH DIFEHT 2 5, #95 kKb DFEIKIZ, 5 D DORF (cpos-
E) #&L, ¥/ -NVEIFF ¥ -¥E{HY Ty b
- F9aLEbNBENE R NZ Lz K6 12, 15N
TR IRALH 2 S SN2 HORFORBLHI &, KIGH D bo
ZATHRI) - NVIFTF-EDOT I BES]E OMFEM
R U720 72008, SRS RELR D SR S N2 AKRE
FOKH T2y FLIVOGTRE, FORFH HHEE S
N7 3 VBRI > HEN0TREDIEKEZRLT
Wb, ZORR, S viclaceax ) — V¥ - BEY
Tazy M, KBERHOLOEFEUEET#EZD B,
#46-65% O 7 X 7 BEH OMIFEE (identity) %7~ L 720

44

9 05 1.0 (kb
S. violacea srain DSS12
feyad) (cyoB) feyoC)  fcyaD) feyo€)
Similarity with
E. Cofi Quinol  (57.6%) (65.2%) (58.3%)  (46.2%)  (60.5%)
oxidase gene
DS512 Quinol Oxidase Enzyme
Subunits  (kDa)
| 1 [ w v
|By SDS-PAGE | 725 413 321 185
::#T:-:w 740 432 386 223 124
SHQUANGE (CyoB) (CyoE) (CyoA) (CyoC} (CyoD)

6 7 u— MAbLENTS violacea DSSI2ZHRD ¥ ) — Vi ¥ 3 5 — Yt
mfofks, KW oo s 47X - VA F ¥ -85 72
=y FeDT I BRI OO

Fig. 6 Gene structure and subunits of quinol oxidase enzyme cloned from the
strain DSS12, and % identity of the subunits deduced amino acids se-
quences compared with £ coli bo type quinol oxidase
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(B) Primer Extension Analysis for
Transcriptional Starting Peint in Strain

(A) Northern-blotting Analysis of
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Fig.7 Analysis of the transcription controlled by elevated pressure in S. violacea

strain DSS12. (A) Northern-blotting. (B) Primer extension analysis
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Fig. 8 Nucleotide sequence of the promoter region of the ¢yo operon in strain
DSS12. Transcriptional start points are shown as "+1"
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