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Abstract A clone which can restore the ability of bdh A mutant strains NGRPA2 and Rm11107 to utilize 3-
hydroxybutyrate as sole carbon source Hbu®  was screened out by complementation experiment from
Bradyrhizobium japonicum USDA110 genomic library. It was confirmed by Bdh assay and Southern blot that
this clone contains bdhA gene. The entire sequence of bdhA gene was sequenced and the sequence was deposited
in GenBank at the accession number of AY077581. bdhA gene consists of 789 base pairs and encodes Bdh with
262 amino acid and MW 27.59 ku. Interposon QKm was inserted into the bdhA ORF at EcoR [ site and the
bdhA mutant was constructed in B. japonicum by homologous recombination. Plant test result did not show ob-
vious effects of mutation of bdhA gene on nodulation and nitrogen-fixation.
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PHB
PHB 23 Bradyrhizobi-
um japonicum
PHB
50% PHB*
PHB
5~7
PHB
Rhizobium meliloti
83 3-hydroxy-
butyrate dehydrogenase Bdh ECI1.1.1.30 PHB
3- 3-
hydroxybutyrate HB ace-

toacetate AA ° Bradyrhizobium japonicum

Bdh 10

Bradyrhizobium japonicum

bdhA

1.1

1.2
LB TY YMB g L-!' K,HPO,

0.5 MgSOs 7H,0 0.2 NaCl 0.1 Mannitol 10
0.5 M9 9 M9-R-HB M9
10 mmol ! R-HB

30C 30°C
37C
Amp 100 g ml™" Te 20 pg ml™! Km 20
pg ml™' Rf 50 pg ml™!

1.3
Promega MBI
Sigma  Boehringer Mannheim
1.4 DNA
DNA 20
DNA 21
1.5
EcoR [ B. japonicum USDA110

DNA 10 ~25 kb

pLAFRI Stratagene
DH5a
1.6
Southern blot Roche
DNA DIG High Prime Kit
1.7 DNA
pUCI9

Amersham pharmacia biotech
nase™ CyTMS/CyS.S Vis-

ible Genetics OpenGeneTM Long-Read Tower™

Thermo Seque-

M13 Forward 5’ gtaaaac-
gacggecagt 3° 17mer  M13 Reverse 5'caggaaacage-

tatgac 3° 17mer T7 Forward 5’ taatacgactcac-
tataggg 3" 20mer

Macvector version6.0.1 Ox-
ford Molecular Group

1.8 Bdh 3-hydroxybutyrate dehydrogenase

20 mmol L~' Tris-HCl pH 7.8 1
mmol L7 M¢Cl,
2~4 ml 20 mmot L' Tris-HCI pH 7.8 1 mmol

L~' MgCl, 10% 10 mmo}t L7!
Ultrasonics Sonifier Cell
Disruptor Model W185-D  4°C 2 min 15 000
Xg 20 min
22 Bdh E.C1.1.1.
30 23
1.9
Magenta
15 em
1 000
ml 50%
50% 400 ml Jensen
121°C 1h
3 Bayfield
2 10 ml 1x107 - ml™!
YMB 30°C 200 r/min 4~5d
ddH,0
16 h 25C 8 h 20°C
420 pF: m~* Sm~!
ddH,0 6
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Table 1

Strains and plasmids

36

Strains and plasmids

Relevant characteristics

Sources and references

E. coli
DHS5a F~endAl hsdR17 n,~my— supE44 thi-1 recAlA argF - lacZYA U169 © GIBCO BRL
80dlacZAMI5 XA~
S17-1 E. coli294 F~ thi pro hsdR recA derivative 11
MT616 MT607 pRK600 mobilizer 12
Rhizobia
Rhizobium meliloti ~ Sinorhizobium meliloti
Rm1021 SU47 sir-21 13
Rml11107 Rm1021 bdhA1l Tn5 8
Rhizobium spp.
NGR234 Bbroad-host Rf* 14
NGRPA2 NGR234 bdhAl QSmSp 9
Bradyrhizobium japonicum
BjUSDAL110 Wild-type strain USDA Beltsville MD
Bj30064 bdhA  QKm This work
Plasmid
pLAFRI IncP cosmid cloning vector Tc" 15
pSP329 IncP cloning vector Tc" S.Porter unpublished
pUC19 ColE1 cloning vector Ap" 16
pHP45QKm Ap" Km" oriColE1 source of the QKm interposon 17
pJQ200 mpl8 Gm" sacB Suicide plasmid 13
pPA67 pSP329 Rm1021 bdhA 1.2 kb Kpn [ -Hind[ll 9
pSP329 carrying Rm1021 bdhA gene 1.2 kb Kpn | -Hind|ll fragment
pDC16 B. japonicum NGRPA2 This work
Recombinant cosmid plasmid isolated from B. japonicum genomic
library and can complement with NGRPA2 strain
pDC19 pSP329 pDC16 1 kb BamH [ This work
pSP329 carrying the 1 kb BamH | fragment of pDC16
pDC20 pSP329 pDC16 14 kb BamH [ This work
pSP329 carrying the 14 kb BamH [ fragment of pDC16
pDC25 pSP329 pDC20 5 kb Sac [ This work
pSP329 carrying the about 5 kb Sac | fragment of pDC20
pDC28 pSP329 pDC20 9.2 kb Pst | -BamH [ This work
pSP329 carrying the 9.2 kb Pst | -BamH | fragment of pDC20
pDC29 pSP329 pDC20 4.8 kb BamH [ -Pst | This work
pSP329 carrying the 4.8 kb BamH [ -Pst | fragment of pDC20
pDC32 pDC29  EcoR | This work
pDC29 digested with EcoR | then relegated
pMX87 pUC19 pDC29 3.5 kb EcoR | -Pst | This work
pUC19 carrying the 3.5 kb EcoR | -Pst | fragment of pDC29
pMX94 pUCI9 pDC29 0.6 kb EcoR | This work
pUC19 carrying the 0.6 kb EcoR | fragment of pDC29
pMX95 pUCI9 pDC29  0.65 kb EcoR | This work
pUC19 carrying the 0.65 kb EcoR | fragment of pDC29
pMX100 pJQ200 mpl8 pDC29 4.8 kb BamH I-Pst ] This work
pJQ200 mpl8 carrying the 4.8 kb BamH | -Pst | fragment of pDC29
pMX106 pMXI100  bdhA ORF EcoR [ QOKm This work
pMX100 inserted QKm at the EcoR | site within bdhA ORF
pMX107 pUC19 pDC29 1.0 kb Sal [ This work
pUC19 carrying the 1.0 kb Sal | fragment of pDC29
2 10
DNA EcoR [
2.1 bdMA 12.5 kb
2.1.1 B. japonicum USDA110 2.1.2 bdhA
Te 3162 MT616 BjUSDA110
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Rm11107 bdhA1 Tn5

NGRPA2 bdhA1 QSmSp
R-HB M9

30C 5d NGRPA2
12 Rml11107

M9-R-HB

NGRPA2 BamHI

pDC16 pDC16
Rm11107 Rm11107
Rm11107
Hbu*
BamHI
23 kb 14 kb
pLAFRI1
BamH [
IncP

pDC20

R-HB

pDC16 3
1 kb 23 kb
pLAFRI
1 kb
pSP329

14 kb
pDC19
pDC19 pDC20 Rm11107
NGRPA2 pDC20
Rm11107/pDC20 NGRPA2/pDC20 R-
HB bdhA
pDC20 14 kb BamH [
bdhA
pDC20 1
pSP329
Rm11107
5 kb Sac [
BamH [ -Pst | pDC29
2 4.8 kbBamH I -Pst [
pDC25  pDbC29

M9-R-HB
pDC25 4.8 kb

Rm11107

2.2  bdmA
2.2.1 Bdh
bdhA

pDC25 pDC29
Rm11107 Bdh
Rm11107/pDC25 Rm11107/pDC29
Bdh 2 Rm11107
Bdh
2.2.2 Southern Blot DIG

1.2 kb Kpn | -Hind[l
9

pPA67
Rm1021 bdhA

pDC29 4.8 kb BamH [ -Pst | 3
pDC29 4.8 kb BamH [ -Pst

1 bdhA

2.3 bdmA Bdh

M 1 kb ladder BamH [ Pst] BamH [

A-1 pDC20
+ Pst] BamHI + Pst] + Sac] Sacl + BamH1 Sacl BamH
I + EcoR] BamHI[ + Pst] + EcoR] EcoR [

M Marker 1 kb ladder A-I pDC20 digested with BamHI Pstl BamH
I+ Pstl BamHI+ Pstl+ Sacl BamHIl+ Sacl Sacl BamHI+ EcoRIl
BamHI[ + Pstl + EcoRl EcoRI respectively

1 pDC20

Fig.1 Restricted digestion of pDC20
Fragments Plasmids Hbu
BS PSS B
I I | pDC20 +
S S
\ | pDC25 +
P B
| ! pDC28 -
B P
| | pDC29 +

B P S BamH] Pst] Sacl

B P Srepresents BimH [ Pst] Sac | respectively
2 pDC20

Fig. 2 pDC20 fragments and their complementing abilities

2 Bdh
Table 2 Bdh activity assay result
Bdh Bdh activity
Strain nmol min~" mg'] protein
Rm11107/pDC25 32.12+3.2
Rm11107/pDC29 35.05+2.9
Rm11107 -
Rm1021 41.32+£4.0
2.3.1 bdhA
bdhA
pDC29 4.8 kb BamH [ -Pst |
4
pDC29  BamH [ -Pst [ 3 EcoR 1
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2 Sal I pDC29  EcoR 1
3.5 kb EcoR I-Pst I
pDC32
M B A
23.1kbh —=
80 dkb —=
fi, bkbh —=
e
4. 3kbh — —
S
L. Jkh -
2. 0kh —

M M Hindll A pPA67  Kpnl
BamHI  Pst]
M A Hindlll A pPA67 digested with Kpn [ and Hindlll B pDC29
digested with BamH [ and Pst |

3 pDC29 DNA Southemn
Fig. 3 pDC29 DNA Southern blot

Hind [[[ B pDC29

B EE SE 8 P
I Lo |
E E

pD(29

| pMX94(6. 6kb)

E E
| \ pMX95(0.65kb)

[ 8

| \ pMX107(1.0kb)

E P pMX87(3.5kb)

B ESP BamH] EcoRI Sall Pstl

B E S Pstand for BamH] EcoR[ Sall
4 4.8 kbBamHI -Pst]

Fig. 4 Physical map and subclones of 4.8 kb BamH [ -Pst [

Pst | respectively

fragment

pDC32 Rm-11107 Rm-

11107/pDC32 M9-R-HB
Hbu Rm11107/pDC32 R-HB

Hbu™
Rm11107/pDC32 Bdh 3.5 kb
EcoR I-Pst 1 EcoR 1 bdhA
bdhA

pDC29 0.6 kb

36

EcoR 1 0.65 kb EcoR 1 3.5 kb EcoR I-
Pst 1 1.0 kb Sal I -Sal [

pUCI19 pMX94 pMX95 pMX87
pMX107
pMX95 pMX87 BLASTx
bdhA
bdhA
* Primer3” 5’ cgecatte-
gaagtectacte 3’ pMX107 DNA
bdhA 5 B.
japonicum USDA110 bdhA
789 bp GC 63.6% AT 36.4%
GenBank AYO077581
2.3.2 BdhA Bd-
hA 5 262
27.59 ku Mesorhizobium
loti  Bdh 262
72 %
81%
2.4 B. japonicum bahA
2.4.1 B. japonicum bdhA
pDC29 BamH [ -Pst |
pJQ200 mpl8 '* pMX100 EcoR |
pMX100 DNA pHP-
450Km  EcoR T interposon LB
+ Gm10Km20 162
DNA
pMX106 bdhA
EcoR [ interposon QKm
QKm bdhA
pMX106 DNA S17-1
S17-1/pM X106 B. japonicum US-
DA110
YMA + Cm10Km40 6~74d
8 626
S17-1/pMX106  B.jUSDA110

TY + Cm10Km20 + 5%

5%
4.8% 5%
TY
TY + Gm30 TY Gm
76.5% TY +
Cm10Km20 + 5% Gm
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I lctaccpgeag caagaattac gaatccicgt ccaaggacta (gattictcg cacgtggeca 0
of  Igglcgagea tpggangec GECEgcpCE acgtgeatet gicgatgoge cacaaggaca 10
in ggclcgalca geegeaatece ggegagacca tggtgaccta cgatclcacg ggggacgtct 180
181 CCECRCCCCC pEcannangp agegaataga WTGKT AGT CT6 TCA GGC AAG AAC GOC GTC 240
I M O % L S @ K N A V i0
ol OTG ALE GGA TOG ACC AGC GOT ATC GGG CTC GCC TAT GO0 COT GOC TTC GO0 GO0 OCC GGT 100
WY T 4 85T 5 a1l G L A ¥ A RAFAADPG W
M GCC AALC GTC GTC ATC AAC GOC TTC GOC TCG GOC GAG GAC ATC GAG AAG GAA COT OCG AAG Jedy
WA ¥ V ¥ I NG FG 5 AE D I E K E R A K %
Ml ATC OAG GOG GAC TTC GOC GO0 AAG GOG ATC TAC TCG O0C GOC GAT ATG ACC AAG COCG GOC a0
o E A D F 1] g K & I 1 r A M T K F A TO
411 GAG ATC GOC GO0 ATO ATC GOG CTC GGC GAG AAD ACC TTC GOC TOG OTC OAC OTC CTC GTC aR0
ME 1 A G M | AL O E K T F G &Y DV LV e
48 AAC AAT GCC GOC ATC CAG TTC OTC TOG CCG ATC GAG GAA TTC CO0G CCG OAD AAA TGO GAC S40
MM M A G 1 Q F v B E I n B FF P E K W oo oo
M1 CAG ATC ATC GOG ATC AAC CTG TOC TCO GOC TTC CAT GOC ATT CGC GCC 000 GTG CCC a6 600
o I 1 A1 N L 55 A FHAI R A AV P o 130
601 ATO AAD AAG AAG OGC TOG GOT CGC ATC ATC AAC ACG 006G TCG GOG CAC TOO O OTC GOC i)
M M K K K @ W 0 R | I M T A S A K § L ¥ A i3
66l TOO OOC TTC AAD TOO GCC TAC GTC TOO GCC AAG CAL GOC ATC GOC GOT CTT ACC AAG ACC o
1 8 P F K § A Y Vv B A K H a 1 A g L T K T 170
T2 GTG GO0 CTG OAA OTC 000 ACC CAC AAG ATC ACC TOC AAC TG ATC AGE COC GOC TAT G1C ED
11 ¥ A L E ¥oOA T H K | ) € N c 1 8 Fa ¥y v 150
M TGO ACG CCG CTG GTC 0AG AAG CAG ATC CCC GAC ACO ATG AAG OCO COC AAT CTC ACG CGT 840
W T P L ¥ E X Q@I P DT M X A AL ¥ L T R 10
B4l OAC OAD OTC ATC AAC OAC GTG CTG CTC GAC GOC CAO 000G ACC AAG GAG TTC GTC ACC TOC w00
m o E ¥ 1 N DV L LD AG P T K E P Y T 5 20
W OAG CAG GTC 0OC OCA CTO GO0 CTG TTC CTG TGC AGC GAC GAT (0T 00 CAG ATC ACT GOC Gl
1 E ¢ ¥ A A L AL F L €8 DDA A Q 1T @O 30
91 ACC AAC CTC TCG ATE GAC G0C GOC TGG ACO 0C0 BRGIE 1020
B T K L 8 |} p O 4O W T A E 62
imi gecasaggegeglecgippeccegecatacttictocgtalglcgeaagpeggiggcpcy 1080
EcoR |
Square start code blacken square stop code boldtype EcoR I cut site blacken part sequence complementing with primer
5 B. japonicum USDA110 bahA BdhA
Fig. 5 Nucleotide and deduced amino acid sequences of bdhA gene of Bradyrhizobium japonicum
Gm 200 r/min 5d
bdhA B;30064 Bdh Bj30064
2.4.2 Southern Blot B. japonicum bdhA Bdh
B;30064 BjUSDA110 BjUSDA110 Bdh 3
DNA BamH [ DIG 2.4.4 3
pDC29 4.8 kb BamH [ -Pst | 3 BjUS-
Southern blot BjUSDA110 14 DA110 Bj30064
kb 1 Bj30064 12.5 ddH,0 3 3
kb 1.5kb 2 6 18
14 kb BamH [ interposon QKm  EcoR [ BjUS-
interposon Km BamH [ DAT110  Bj30064
2.4.3 Bdh BjUS-
DAT110 Bj30064 YMB 30<C 4
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&3, 1kb —

0. dkbh — o
6. Gkb —

4, kb —

2. kb —
2. 0kb

0. Gkb

M MHindll A BjUSDAL10 DNA BamH [
DNA BamH [
M MHindll A Genomic DNA of BjUSDA110 digested with BamH
I B Genomic DNA of Bj30064 digested with BamH [
6 bdnA DNA Southern blot
Fig. 6 Southern blot of bdhA mutant and wild-type strain ge-

nomic DNA

B Bj30064

4
Table 4 Plant test result

36

3 Bdh
Table 3 Bdh activity assay result
Bdh Bdh activity
Strai Relevant nmolN min~*
train s 1 .
characteristic mg~ " protein
BjUSDAI110 Wild strain 41.12+3.6
Bj30064 bdhA Mutant -
3
NGRPA2 Rhizobium
spp. NGR234  bdhA bdhA  QSmSp
bdhA 3-
3.
R-HB

B. japonicum USDA110
bdhA

Nodule number

Average weight per plant

Average weight per nodule Average shoot dry

Strain per plant mg mg weight per plant g
Bj USDA110 38.80 396.70 10.22 3.625
Bj30064 34.89 379.98 10.89 3.426
CK - - - - 0.886
B. japonicum crobiol. Rev. 1990 54 450 -472.
2 Hirsch AM Long S R Bang M Haskins N Ausubel F' M.
. . o Structural studies of alfalfa roots infected with nodulation mu-
Aneja  Charles o Rhizobium meliloti o ]
tants of Rhizobium meliloti. J. Bacteriol. 1982 151 411 -
bdhA xdhA bdhA- xdhA ‘o
xdhA bdhA bdhA 3 Paau AS Bloch CB Brill W ]. Developmental fate of Rhizobi-
bdhA xdhA um meliloti bacteriods in alfalfa nodules. J. Bacteriol. 1980

B. japonicum USDA110 bdhA

0.9 kb 0.6 kb
xdhA B. japonicum
bdhA Rhizobium meliloti xdhA

University of Waterloo

Trevor C.Charles Charles
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