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Abstract’ A 10-kb genomic fragment was isolated from HKhodospirillum centenum by
Southern-hybridization and colony-hybridization, using a probe amplified by PCR with
oligo-nucleotide primers constructed from a sequence conserved in poly (3-hydro xybutyrate)(PHB)
synthase genes. After subcloning of an approximately 3-kb fragment (Smal- EcoRV) that
caused the production of PHB in Escherichia coli in the presence of B-ketothiolase (phbA),
an acetoacety-CoA reductase (phbB) gene from Ralstonia eutropha H16 was obtained and
sequenced. This fragment contained an open reading frame (ORF) whose amino acid
sequence was highly similar to the sequences of other known PHB synthase genes,
especially to a synthase from Azospirillum brasilense (74% identity).
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Introduction

The production of intracellular polyesters belonging
to the class of polymers known as polyhydroxyalka
noates (PHAs) has been observed in a wide array
of prokaryotic organisms?. The monomers composing
the polyesters range in length from C4 (B-hydro-
xybutyrate) to C16 (B-hydroxyhexadecanoate)?. PHAs
have attracted attention as a potential alternative
to conventional petrochemical-derived plastics?®.
Poly (3-hydroxybutyrate) (PHB) is the simplest
and most common PHAY. The metabolic pathways
leading to the synthesis of PHB have been inves-
tigated in many bacteria. Ralstonia eutropha, a
bacterium which accumulates PHB intracellu-
larly at levels equivalent to about 70-90% of dry
cell weight at maximum, has been extensively
studied, and the genes of three enzymes involved
in the synthesis of PHB have been cloned and
sequenced* . As in R.eutropha, in most bacte-
ria, including Zoogloea ramigera, Alcaligenes
latus, and Rhodobacter sphaeroides, a three-step
metabolic pathway has been revealed. The first

step is catalyzed by the enzyme B- ketothiolase
(EC2.3.1.16), which condenses acetyl coenzyme A
(acetyl-CoA) to acetoacetyl-CoA®. This intermedi-
ate is then reduced to D-(-)-B-hydroxy butyryl-CoA
by an NADPH-dependent acetoacetyl-CoA reductase
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Fig. 1. Pathway of PHB synthesis and related reaction
steps in PHB-accumulating bacteria. A, b-ketothio-
lase; B, acetoacetyl-CoA reductase (NADPH-dependent); C,
Acyl-CoA synthetases; D, butyryl-CoA dehydrogenase:
E, enoyl-CoA hydratase (forming D-3hydroxybutyryl-
CoA); F. acetoacetyl-CoA reductase (NADH-dependent);
G, enoyl-CoA hydratase (forming L-3hydroxybutyryl
-CoA); H, PHB synthase. Thick arrows indicate the
pathway of PHB synthesis in R. eutropha and thin
arrows, the pathways in R. rubrum and R. centenum.
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(EC 1.1.1.36). In the last step, PHB synthase cata-
Iyzes the polymerization of D(-)-3-hyd roxybu-
tyryl-CoA to PHB. In Rhodospirillu rubrum, PHB is
synthesized via a five'step pathway. An NADH-
dependent acetoacety-CoA reductase (EC 1.1.1.35)
catalyzes the formation of L-(+)-3-hydro xybutyryl-
CoA, which is subsequently converted to D-(-)-3-hy-
oxybutyryl CoA by two stereospecific enoyl-CoA
hydratases prior to polymerization? (Fig.1). Rhodo-
iri-lum centenum was isolated in 1987, and ex-
bits a number of general properties typically
observed in purple non-sulfur bacteria, but also
displays a number of unusual characteristics as
follows: (1) absence of any repression by Oz of
photo pigment synthesis; (2) synthesis of “R-bodies”;
(3) swarming motility on agar surfaces; and (4)
conversion of vibrioid/spiral cells to thick-walled
cysts, and accumulation of PHB at cysts, under
condition of aerobic growth in darkness on
butyrate as a sole carbon sourced 9. Since among
numerous PHB-accumulating bacteria, R. centenum
is unique and limited in terms of the conditions it
needs to accumulate PHB, investigation of the
regulation of PHB synthesis in R. centenum may be
important. As a first step in this process, we
describe here the cloning and sequencing of the
PHB synthase gene from K. centenum and its
expression in £. coli.

Strains
E. coli
JMI109
BLR(DE3) /plys$
R. centenum Wild type
Plasmids
PUC1B, 19

pSTVZ9

High copy cloning vector; Amp*
Low copy cloning veclor; Cmr
pET23b
pET100
pSTVReAB

Expression vector; Amp

pUCReC
pEIN00Ce
pRcCPI
pRcCP2
pRcCS1
pReCS?2
pRcCEl
pRcCE2

Materials and Methods

Bacterial strains, plasmids, and culture
Bacterial strains and plasmids used in this study
are listed in Table 1. All Escherichia coli strains
were grown aerobically in Luria-Bertani (LB)
medium or on solid LB agar (1.5%, wt/vol) plates
at 37°C, or in M9 medium!®, The following
concentrations of antibiotics were used: ampicillin,
50 pg/ml; chloramphenicol, 34 ug/ml: tetracycline,
10 pg/ml. R. centenum was cultivated anaercbically
under illumination (60-W incandescent bulb) at
30°C in 1927 CENS medium: in 1 liter, 2.2 g sodium
pyruvate, 0.9 g KsHPO4, 0.6 g KH:PO4, 1 g NH4Cl, 5
mg disodium EDTA, 200 mg MgS04+7H20, 1 ml
True Blue Trace Element solution (containing 2.5 g
EDTA, 0.2 g MnClz, 0.1 g H3BO3, 0.1 g NazMoQy4, 50
mg NiCl2-6H20, 20 mg CoCla-6Hz20, 10 mg CuCls
2H20, 5 mg NazSeQOs, and 5§ mg NaVoynH:z0 per
250 ml deionized water), 75 mg CaCl22H:0, 2 ml
chelated iron solution (prepared by dissolving 1 g
FeClz4H:0 and 2 g dissodium EDTA in 1 liter de-
ionized water, and adding 3 ml concentrated HCI), 20
ug vitamin Bis, 15 pg biotin, 0.5 g and NasS:0s
5H20; pH was adjusted to 6.8 with NaOH®.

DNA preparation and manipulation
Standard methods were used for the preparation
and manipulation of DNA, PCR, Southern hybridi-

Table 1. Strains and plasmids

recA endA | gyrA96 thi hsdR 17 supE44 relal Allac-proAB)/F'[raD36proAB+ lacl lacZAM 1 5]
F ompT hsdSe(re me') gal dem Afsrl-recA)306:Tn 10(Tc) (DE3) /pLysS{Cr)

pET23b canying Xbal/EcoR| fragment containing R. eufropha phaCAB PHB synthetic operon

pSTV2? camying 5se8387-EcoRl fragment containing R. eufropha phaAB

pUCI1? canying Smal-Stul fragment containing R. evirepha phaC

pET100 camying abou’ 2-kibp fragment containing R. centenum phaC instead of R, eufropha phaC
pUCI18 canying about 10-kbp PsH fragment containing R. centenum phaC

pUCI18 carying about 10-kbp Pstl fragment opposite direction containing R. centenum phaC

pUC18 canmying about 4.5-kbp Smal fragment opposite direction containing R. centenum phaC
pUCI8 canying about 4.5-kbp Smal fragment containing R. centenum phaC

pUCI18 canying about 3-kbp EcoRI-EcoRV fragment opposite direction containing R. centenum phaC

pUC18 carrying about 3-kbp EcoRl-EcoRV fragment containing R. centenum phaC
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zation, and colony hybridization. Sequencing was
performed with a SEQ-4x4 system and Thermo-
sequenase Cy 5.5 (Amersham Biosciences, Tokyo,
Japan), and with a BigDye Terminator v.3.1 Cycle
Sequencing kit (ABI PRISM 310) as recommended
by the manufacturer. Sequences were processed
using the program GENETYX- MAC/ATSQ, version
4.2.0 (Software Development Co., Ltd., Tokyo, Japan).

Design of primers for cloning the PHB synthase
gene

The primer of an inner part of the PHB synthase
gene as a probe for Southern hybridization and
colony hybridization was designed from consen-
sus sequences based on comparisons with PHB
synthase genes of purple non-sulfur bacteria,
Rhodosporillum rubrum (accession number AF178117),
and Rhodobacter sphaeroides (AY945501), and a root
nodule bacterium, Rhizobium meliloti (U17227). A
500-bp fragment of the A. centrnum PHB synthase
gene was amplified by PCR with 5-TGGATCAAY
AARTTCT ACATAAT-3" as the forward primer
and 5-TTCCARTAGAGCAGRTCGAAG-3 as the
reverse primer using genomic DNA of K. centenum
as a template. The PCR product was labeled with
[32P]dCTP and used as a probe in Southern hybridi-
zation and colony hybridization. K. cenfenum ge-
nomic DNA was completely digested with Psd. The
. resulting fragments were subjected to Southern
hybridization.

Other analytical methods

PHB content was quantitated as the amount of
crotonic acid by high-pressure liquid chromatogra-
phy as described by Karr et al'?,

Results and Discussion

Cloning of a genomic fragment relevant to the
PHB synthase gene

R. centenum genomic DNA was digested completely
with Psfl. The resulting fragments were separated
on a 1% agarose gel and transferred onto a nylon
membrane. The DNA fixed on the nylon mem-
brane was hybridized with a 32P-labeled 500-bp
probe prepared from PCR products with genomic
DNA as a template (see Materials and Methods).
The DNA corresponding to the positive signal,
which was about 10-kbp long was extracted from
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PHB synthase

Fig. 2. Restriction map of the cloned fragment
containing the PHB synthase gene of K. centenum.

the agarose gel, ligated to Psi-digested pUC1S8,
and introduced into £. coli JM109 by transforma-
tion. Of about 5,000 ampicillin-resistant recombi-
nant colonies, two positive colonies were selected
by colony hybridization. Both colonies were found
to have about 10 kbp of foreign DNA, but oriented
in the opposite direction to each other. One Smal
fragment (about 4.5 kbp) was isolated from one of
two plasmids and ligated to pUC18 digested with
Smal. To confirm that the cloned 10-kbp and
4.5-kbp fragments have the PHB synthase gene,
Southern hybridization and PCR were done using
the same probe and same primers. Fig. 2 shows a
restriction map of the 10-kbp fragment. According
to this map, the Smal-EcoRV fragment (about 3
kbp) contained the region for the PHB synthase
gene, where the nucleotide sequence was ana-
lyzed. Within the 3-kbp fragment, one open read-
ing frame (1,792 nucleotides) was found. It speci-
fied a protein with a deduced molecular mass of
66,962 Da (597 amino acids). The initiation codon
was preceded by a putative Shine-Dalgarno se-
quence (Fig.3). The PHB synthase in R. cen-
tenum had about 74 and 64% identity to the PHB
synthase in Azospirilium brasilense and Rhodospiiillum

rubrum in amino acid sequence, respectively (Fig.4).

Expression in E. coli of the PHB synthase gene
from R. centenum

To confirm the cloning of the fragment having the
ability to synthesize PHB, two systems which
contain the p-ketothiolase (phbA) and acetoacety-
CoA reductase (phbB) genes from Ralstonia eutro-
phaH16 were constructed. One system consists of E.
coli JM109 transformed with pSTVReAB
carrying R. eutropha phaAB and pRcCP1 or
pReCE2 carrying K. centenum phaC. The other
system consists of £ coli BLR transformed with
pET100Ce which contains A. eutropha phaAB and
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Fig. 3. Determined nucleotide sequence and deduced amino acid sequence of the R. centenum

PHB syntheses gene. Boxed, bold, shaded “GAGG” is a putative Shine Dalgarno sequence,

GAAGCARGACCAT TGABGCGTCOGT TOGT TT TODGAGROCCAACCGT TOGAGACAT CGOOGAAACOCAAGODODGGAGTTGAAATTCC 200

MAESQGPETLEKIP
CGAOCOGGT CGAGAT GT CCOBOGOCAT GE0G0GGAT CO00GAGCACACDCAGDADAT OGTCACOGAGT TTCT T TCORGT GACGOCGAGATCTCOGASTCT - 300
DPVEMSRAMARI AEHSQRI VTETFLSRHAEILI 5GS
(00GACOCECTOAACCT GEAREA0A0CT TOCTGEACATGACCAGOCGCAT GATGADDGACCOGGICAAGC TGAT GLAGCCACAGETCTOGCTCTGOCAGS 400
ADPLNLGGAFLEMTS SRMMADPAKLMGAGYSLWQD
ACTACATGACGCTCTGECAGRGRACGACCCAGDGT TT OCT GRGOAGCGAGIOGGACOOGGT GATOCAGDOGECCAAGGAGGATOGOOGCTTCAAGGAGAG 500
YMTLWQRTTQRFLGGEAEPVYI QP AKEDRRTFTIKTDS
(OQOCTQCAACGAGAMCACGCT GTTOGACT TCATCAAGCAGT OCTAT GTGCTGACCGROCGDTTCATGCAGROGACCGTCCAODGTCIAGCGACTGRAC 600
AWNEWNTLFDFI! KQSYLLTARFMAQATVHGVYVETGLD
GACAGEACDGDUDEAAGT TREACT TCTACACGIGICAGT ACGT QRACGUGATEOCCAGRAACT TOGTCATGACGAACODCGAAGTGUTAOGCACCA 700
DRTARKLDFYTROQYVDAMAPSNFVMTNPEVLE RTT
COCTORAGACOOROGE0GAGAAT CTAGTCAAGRRACT GRAGAACCT GCT OR0CGANCT GRAGDEDAGCAAGAGT CAGCTCROCATCTCCATGAOOGACTA. 800
LETGGENLVHKGLENLLADLERGEKG G QLAI SMTDY
TTOGAAGTTOGAGGT ORECOGGAACATOGOCGT GACGNOG A AAGGTOGTCT TCOAGAADGACCTGAT COAGCTCATOCAGT ACGORCOGACGAOGGAA 900
S KFEVGRNI AVTPGKVYVYFQNDLMQLI! QY APTTE
CAGGT OCACOBA0GEC0GCTGOTGATCAT OCOGO0CT GRAT CAACAAGT TCTACATOCT GGACCT GOGGOOGAGAACACCTTOGTGAAGTGECTGACOG 1000
QVHRRPLLIITPPWI NKFYI LDLRPQNSTFVKWLTTD
ACCAGOGECACACGGTCT TCATOGT CTOCT GEGT CAATCOGOG0GAGCATCTCTCOGACAAGACCT TOGAGGACTACAT GETOGAGRARD0GCTGACEC 1100
Q GHTVFI VSWVYNPGEHLSDKTFEDYMVYEGPLAA
GOTOGAOGOCATCGAGRIDGEOGACOEEGAGOGT GAGEDCAATGT CATORGCT AC TGOS TREE0GEGA0ACTRCTGROGAGCACGCTGTOCTACATGADS 1200
LDODAME AATGEREANVI|[GrCLG|GTLLASTLSYMT
GOOCAQGOCCACGACOGRATGAAGACCOCCATGTACCTCGT CACCCT GACGGAGT TGTOOGAGCCAOCOGAACTGTOOGTCT TCATCGACGAGRAACACT 1300
AQGDDRI!I KSAMYLVTLTDFSEPGETLTSVYFIDEESQ QL
TOGOOE0OCTGGAGGAGIOGAT GOGCAGDCAGECT TOCTAGAOGRCT OCANCATAENGACGACCT TCAACATGCT GOGGACGAACGACCTGATCTGRETC 1400
AALEERMRSQGFLDGSAMATTFNMLP RANDTLTI WS
GTTOATGATGAACAACT ACCTCCTAIOCAAGGACCOCT TODOGTTOGACCT GO T GTACT CRAACAGDCACAGCACGOGGATGO00G00GOGATGRAGAGS 1500
FVVYVNNYLLGKDPFPFDLLYWNSDSTRMPAAMEHS
TTCTACCTOOGCAACAT GTACCAGCGGAACCTRCTAGTGCAGCOGRRCGOGAT CACCTGAAGRROGTROCCATOGACCTGOGGCAGATCACGGTGO0GA 1600
FYLRNMYQRNLLVYQPGGI TLKGVYPIDLRRI TVPT
OCTTCATGCTCTOCACDOGOGAGGACCACAT 0E0000CT GGAAGAGRACCT AT ACORCAACGCAGCT CTATAROGAG0CGGTGAAGT TOGTGCTGACOG 1700
FMLSTREDHI APWEKSTYAATQLYGGPVYKTFVLAA
CTOREECCACATORCOGENGT OGTCAACCOGODCT ORADGRAGAAGT ACAGCAT TACCTGAACACGAAGC TCODOROCTCOOCCCACAGETAGTTCHG 1800
S GHI AGV VNPPSAEHKY SHYLNTEKLPASPDSMWEFE
(I GAAGCAGGET GUOEHECAGCT AT GADOGGAAT ACGRCAAGT QST CEDODEST ACHGHGE0GECAAGETGLOEEIG0GEGTGO00GEGACGIA 1900
GAKQVPGSWWPEYGKWYVYARYGGGEKVYPARVYPGDGHR
GECTEOCGGECACTABAGGACGOGCOAEECAGCT ATGT GOGGGT CAAGAGOCTGGAGT AGCAGOGACCGRE00GE00GAGAAMO0GAD0GGTOGTGAGATG 2000

LPALEDAPGSYVRVYIKSLE =*

and boxed bold “C” is a putative center of an active site.
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R centenum s ——— MAESCCPEL KT PDPVEMBRAMA—R AEH-SCGR VT-—-EFL SRHAET SG-SAD----PLNL GG-AFL EMTSRMVADPA 67
A brasilense 1 MGDLGVDDAGF TGRLL DML KL FFGNGDAA-ACDAL HEAH 1L |- DL-VR-\WE- GECFL SRGASDGY- GAKN- PDPVGVGH-AFLEMTTRVWADPA 89
R eutropha 1 MATGKGAAA- STREGKSGP-FRVTP-GPF DPATWL_EVBROACG-TEGNGHAAASH PG-—LDALAGYKT APA 66
R rubrum | ———————————MIDTRAEADL TEVWRAWAAWCEKS—RTMAR-TAL GGA-APPSSPSPS(PDP-AVGOGPAVGEDAARAFLEGVLRPSQ-PY 75
R spnaeroi des 1 MATEFCQEPGSCROAGFERL NAN-~ L TR DELSKRLTAAL TKR-KLSDPAL HGPSCDVFL KAMTAYMAE MANE-——A m
R centenum 68 K-LMRACVSLWO-DYM-TLWORTTOR-FLGEEARPVE GPAKEDRRFKDSAWRENTLFDF1 KQSYLL TARFMDATVHGVEQ DDR-TARKLDFYTRGNWIA - 162
A brasilense 90 K-LMKAGMILWG-DYL-TLWIRTTGR- FFGEDAGPM APAKDDRRFKDSAWIENTLFDFT KGBY1 L SARMWESTVNEVDALCOH-TAKKVDFYTRGAVDA. 184
R eutropna 67 Q-LGX CORYMK-DF SA-LWOAMAE G- KA-EAT GPLH--—-DRRFACAWRTNLIPY RF AAAFYLL NARAL TELADAVE ADAKT-RORL R-FAL SOWWDA 154
R rubrum 76 —LD-AQAA-WA-RDI AAL COAAAKR-LRCEEAAPM EPACDDNRFKDOAWTKCPLF DTLKQGYLLTARL VAT TLENSGGADPAC-RQ-RLAFYGROMWDA 167

R sphaerai des 72 Kl LEH-GI SFAGKSL KHYVE-ACHA VKG-EL KPPFOVTPKDR-RESNELWOTHPFFNYLKOGYL MMAEAVNGAVEAL EH EPSDKKRVEYFSRA -VOL. 166

B B SRR PRI RN & A ST C DI . R L ‘ *o N
R centenum 163 MAPSNFUYMMPEVL-RTTLETGGENL VKA ENLLADL FRG{GO Al SMTDYSKFEVIGRN AVTPGKOWF GROUNGLL QYAPTTEQVHRRPLLLTPPL NG 261
A brasilense 185 MAPSNFVMINPEVL-RTTI ETCGENL VKGE FH LKDL ERGKCELR SMIDYDAFQVGIKNL AVTPGKWF GTCUNGLT GYTPTTREVINKRPLM VPP K 283
R eutropha 155 MBPANFLATNPEAG-RLLI ESOCESI RAGVRMVVEDL TRG-—KI SAT—DESAFEVGRNVAVTEGAWFENEYFQLLQYKPLTCKVHARPLLMPPOI NK. - 248
R rubrum 168 LAPTNFAATNPLVR-RTALESGEHSLLNGLEN I AL ERGOCRL RPTVBDETAFEVGRTLAMIPGOAFCNALMOLL LYAPTTRIVHKRPLLWPPWE NG 256

R sphaeroi des 167 FSPTNFFGINPDALERAI ATDG-ESLVOG EN_ VRO EANNCGDLLVTLADPEAFQVGCNLATTEGSWYRNRVFELL QYKPTTETVHETPLLI FPPWL MK 265
PR . R SR T T T A S R U L TR T . i VI, SRR, L
R centenum 262 FYI LDLRPONSFVNLTDOCHTVIT VEWWNPGE HLSDKTFEDVMVECPLAAL DAMEAAT GEREANM (@.GGTLLAS'HEWI’AQIIH KSAWLVTL. 361
A brasilense 284 YY1 LDLREKNSFT KWAVDGGHSVFVLSWINPDEKL AGKGFEDYMFEGVLAAL DAL EKVTGEKDVNAL a@_mmsnswm KSATFFTIM 383
R eutrophs 250 YY1 LDLGPESSLVRHWEQCHTVFL VSWRNPDASMAGS TWINY] EHAAL RAI FVARDE SOOITK] NWEF@I{GI’I VSTALAV AARGEHPAASVTLLTTL. 348
R rubrum 267 FYI LDLTEKNSLE KyM/DOGF SVFVE SWINPDAGL AETRFEDY L SQGPLAANEVMIEL TW_G_VG\‘@ GCTLTACTLAVLAARRDHRVKSATLLTTL 366
R sphaeroides 266 FYI LDLKPONSLL KAWL VDGGF TVRWSWINPDKSYAR GVDOYT REGYMRAMAEVRST TROKAL M\/G@ AGTTETI Tl AH CKAGPSVRSATFFTTL. 365
Sk Lk TR R SRR, bl Sl s & a LR R T IR, P
R centenum 362 TOFSEPGEL SVFI DEEQL AN EER- MRSQG-F-—-L ~DGSAMAT-TFNVLRANDLL WS- F\WWINNYLL GKDPFPFOLLYWNSDSTRVPAAMHSFYLRNWY - 452
A brasilense 384 LDFTEACGELSVFT DEEGLTM ESQ-MAGRG- Y————-DGSKMAT-TFNMLRANDLI Vi5-FVWINNYLLGKDPFPFDLLYWNSDSTRMPAAMESFYLRNWY - 474
R eutropha 350 LDFADTO LDVPVDECHVO-L REATL GG GAGAPCAL L RG-1LEL ANTFSFLRPNDLWIRNYVVD-NYLKGNTPYPFDLLFWNCDATNL PGRYWWOAYLRHETY 445
R rubrum 367 VDFSEPGELGVF1 DPPLLDAL OG- MARDG- G———1_ - DADLL SM-AFNM_RDRDLL WEVF-1 NNYLLGKTPAAF DLLYWNGDSTRVPAAMIRYYLREMY 457
R sphaeroi des 366 TOFSDPCEVGWFLNDCARVDA ERQVAVD-— G ~—-LDKTFMBR-—TFSYLRSNDLUI YCPAL KS-YMVGEAPPAFDLLYWNCDGTNLPAGMAVEYLRA.C 456
AL kL R L L L, L L * . CELHE KRR L%,k R Rk bk Rk Lk, Rk
R centenum 453 GRNLLVCGPGE TLKGWPL DLRAI TVPTFMLSTREDH APWKSTYAATCL YGIPVK-FVLAASGH AGWNPPSAEKYSHYLNTKLPASPDSWEGAKQW 551
A brasilense 475 CKNLLAGPGAVTLGGVPI DLRKVKTPSFFLSAREDH APWKSTYMEAHLFSPVIC FVLAASGH AGWNPPAACKYCYWINAKL PKASDDWLASSEQTP . 573
R eutropaa 446 | ONEI KVPGKL TVOGVPVDLAST DVPTYT YGSREDH VPATAAYASTALL ANKL R-FVIL GASCH AGV NPPAKNKRSHWINDAL PESPQONLAGA EHH - 544
R rubrum 458 GHKNKLVGPGE TVLGHALDLRRL RTPVYLLSARDDH APWTSTFKATQLYGOPLR-FVLAGSGH AGV NPPAKARYGYWINADITSL EAESWL EGATPHG 556

R sphaeroi des 457 GEDRLAGGT-FPVLGSPVOLKIVTLPVCAl ACETDH APWKSSFNCFRAFGSTOKTFT LSQSGHVAG VIWPPSRNKY CHYTNEGPAGTPESFREGREF-H - 554

T SIS, TTRERS * RO Gt T SR S 28, B S £ A i R . R RS
R centenum 552 —CEWNPE YGWWARY GECKVPARVPCDCR- | PALEDAPGSYV-RVKSLE 597
A brasilense 574 —GEWNPEWNNAVSTF SECKVPARNPEKGG-LPVLEDAPGSY-ARVIL V- 618
R eutropha 545 —COWPDWTAN AGDAGAKRAAPANY GNARYRAL EPAPGRYY-KAKA— 589
R rubrum 557 ~CBWAFDWAANAAGY AGPKVAARDPTKGR- RAPLEDAPGSYV-KVRL 600
R sphaeroi des 555 ACSWAPRAGANAERSCKOVP ARGPCDSKHPEL -APAPGSYVAAVICA——- 601
i IR  wwe s oy w SR s i 7

Fig. 4. Comparison of the amino acid sequence es R. centenum PHB synthase and other
bacterial PHB synthases. Bold face “C” is a putative center of an active site and well conserved.
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K. centenum phaC. A system with the same
vectors but carring K. eutropha phaC instead of £.
centenum phaC was used as a positive control,
and JM109 harboring pSTVReAB and pUC18 was
examined as a negative control. Fig. 5 shows that
the cloned fragment containing the K. centenum
PHB synthase gene synthesized PHB in E. coli on
LB medium and M9 medium, but at only about
10% of the level produced by E. eutropha phaC.
The reason why K. centenum phaC produces only
a small amount of PHB in £. coliis not clear.

As it was only when A. centenum was culti-
vated under cyst-forming conditions with butyrate
that PHB was produced, it is presumed that the
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FIG. 5. Comparison of PHB accumulation in . colt
harboring various vectors. A) £. coli JM109 or BLR
cultivated in LB medium with 2% glucose at 37 °C
for 39 hours. PHB content was measured with a
HPLC-based method. PUC18, pUCReC, pRcCP1,
pReCE2, £ coli JM109 harboring pSTVReAB with
each vector, respectively; pET100, pET100Ce, E.
coli BLR harboring each vetor. B) E coli JM109
cultivated in M9 medium with 1% glucose at 37°C
for 39 hours. PHB content was measured by
HPLC. pUC18, pUCReC, pRcCPl, E. coli JM109
harboring pSTVReAB with each vector.

synthesis of PHB is strictly controlled in A
centenum. Azotobacter vinelandii, a soil bacte-
rium, which undergoes a process of cellular
differentiation to form metabolically dormant
cysts resistant to desiccation, produces the
exopolysaccharide alginate, which is essential for
the encystment process. Transcription of the algD
gene, which codes for GDP-mannnose dehydro-
genase, a key enzyme in the alginate biosynthetic
pathway, is initiated at two promoters, one of
which, p2, has the sigmaE consensus sequence.
An AlgU, A. vinelandii sigmakE factor, mutant was
impaired in alginate production, encystment, and
transeription of the algD genel21®. R. centenum
PHB synthase may be controlled by a similar sys-
tem. The control region upstream of the PHB
synthase gene of E. centenum should be examined.
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