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To investigate the role of bkdR, sigL, ypIP, and des genes which
were known to be involved in fatty acid synthesis and sensitive
at low temperature, deletion mutants of Bacillus subtilis CU1065
and JH642 were constructed. To determine the low temperature
sensitivity of these genes, we compared the growth curves of
cells at 37°C and 15°C. At 37°C, wild type and deletion mutants
showed almost similar growth but only bkdR deletion strain at
15°C showed very slow growing compared with wild type. At
15°C sigL and yplP deletions were somewhat slower or similar
to those of wild type strain. Double and triple mutants for bkdR,
sigL, yplP deletions were constructed and grown at 20°C in
LB agar to investigate cold sensitive growth. Double or triple
deletions including bkdR deletion showed cold sensitive growing.
In order to identify more clearly cold sensitive growth, the
experiments were carried out under cold shock conditions in
which the temperature was lowered from 37°C to 15°C at the
point of 0.4 optical densities at 600 nm. In these cold shock
experiments, only bkdR deletion showed significantly lower
growing and additional des deletion increases cold sensitivity.
The bkdR activates the bkd operon, which catabolized isoleucine,
valine and leucine, amino acids and produce precursors for the
synthesis of branched fatty acids. At cold shock growing of
bkdR deletion strain, isoleucine recovered cold sensitivity of bkdR
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deletion but valine did not restore cold sensitivity. Isoleucine is
used as a precursor for the synthesis of anteiso-branched fatty
acids. On the other hand, valine is used as a precursor for the
synthesis of iso-branched fatty acids. This indicates that anteiso-
branched fatty acid plays an important role at the cold shock

condition.
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0.1% sodium citrate dehydrate, 0.02% MgSO,47H,0, 0.5%
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vl ksl ). o 8 Bacillus subtilis w5+ A H 2 ¢35} AL-&-3F

A A= spectinomycin (100 pg/ml), kanamycin (10 ug/ml),



erythromycin (1 pg/ml)3} lincomycin (25 pg/ml) (macrolide-
lincosamide-streptogram B %314 A|3), chloramphenicol (10
pg/mlo|tt.

Bacillus subtilis ST XX

of| 41 200 rpm &2 12 A]1 7t 52k 2 & )|
of| ©11.8,000 rppmof| A 227F (A E ] dlof AFSol-S 2|l
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pH 8.0/ 1 mM EDTA)S W1 H:43] Zc}. Zo] 2 570 pul
lysozyme (10 mg/) 2} 2 pl RNase (10 mg/)E g o] =31 37°C
of| A 3027t HE-3-3} St} HE-S- Zof] 20 ul proteinase K (10 mg/)
5 Y3l thA] 37°CE 1587 9Fg-31%t) 20 ul 10% SDS&}
phenol 500 pul-& Y11 1871 550 37 10,000 rpm o A 25

QAR E 5H ) 99 @2 HH © 2 phenol/chloroform
O 2 2=23}31 2} 2 chloroform 0.2 =381 & A2l S 11
‘”EP l /2)%‘ Hof o eh&2 AL AAA DNAE A7) 4L
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Table 1. Oligonucleotide sequence used for LFH-PCR

of]| MC media 5 mlo]] 1/100 B]-&Z CU1065 22 JH642E5 7
%5101 ODgoo = 0.6~0.70] & wfj 7}2] 37°Cof| A e v a3
t}. MC media®= 100 mM phosphate buffer (pH 7), 3 mM
trisodium citrate, 3 mM MgSOy4, 2% glucose, 0.2% potassium
glutamate, 0.1% casein hydolysate, 22 pg/ml ferric ammonium
citrate, 50 ug/ml tryptophan ©. & Z4J8}o] ARE-3}I T ODZE

2 82131 %, Double-Joint PCR productE- 8 ul Y11 1A]7HA
T 37°Col| A g vljoFst Tt 1 3 ZhZEo] LB SHAYA] plate
o] 300 pl, 150 pl& ='@slod 37°Cof| A vfj kst ch

FEXL AL SEHO| ME

Bacillus subtilis CU1065 2 G- A} A4 SAHO|AIS A

231 "W 2 2 Long-flanking homology (LFH) PCR-&- ©]-&-
3}t CU1065 8- 4] DNAE 3 0 & PCR3&}o] Z17+9]
up-stream, down-stream, AP A A 8}A cassette F-5-2] DNA
£ g5t aickTable 1). A #17) PCROJA] @& Z} upstream,
cassette, down stream?] H| &2 1:2:1 & Y1 Zffo|H 2=
upstream F ¢} downstream R-& AF8-5}0] F= WA PCR2 4~
Shaiek ofuff §E-g- 2712 94°C= 302 FRF /A1 7] AL 30,
55°CoJ| 4] 30% “5-<t annealing, Z12] 31 72°C 657} extention

Oligo sequence

sigl Up F : 5'-CATCAGCTGTTTCCCGTCAT-3'

sigl. Up-kana R : 5'“CCTATCACCTCAAATGGTTCGCTGCTTGCTCACTCCCCTTTCTT-3'
siglDn-kana F : 5'-CGAGCGCCTACGAGGAATTTGTATCGATATTCCGTCATCGGCAGC-3'

sigLDnR : 5-CTCTGCGGTGTTCTTGAAGT-3'
kana-fwd : 5'-CAGCGAACCATTTGAGGTGATAGG-3'
kana-rev : 5'-CGATACAAATTCCTCGTAGGCGCTCGG-3'

bkdR Up F : 5'-CGCTCCTTGCGAATATGACT-3'

bkdR Up-mlsR : 5-GAGGGTTGCCAGAGTTAAAGGATCCCCGATACCCCTTTGTATGA-3'
bkdRDn-mlsF : 5'-CGATTATGTCTTTTGCGCAGTCGGCCTTGCAAATGAAGGCATGC-3'

bkdRDnR : 5-GTCGCTTCCATTTTAGGGTT-3'
mls-fwd : 5-GATCCTTTAACTCTGGCAACCCTC-3'
mls-rev : 5'“GCCGACTGCGCAAAAGACATAATC G-3'

des Up F : 5'-TGCTGCGCTTCAGACGATC-3'

des Up-specR : 5'-CGTTACGTTATTAGCGAGCCAGTCGAGCAAATGCAGCGACTTGC-3'
des Dn-specF : 5'-CAATAAACCCTTGCCCTCGCTACGAAGCCTTCCGCCTGATTCAC-3'

des DnR : 5'-GGCAATTCGCTGACGTTCTT-3'

spec-fwd : 5'-GACTGGCTCGCTAATAACGTAACGTGACTGGCAAGAG-3'
spec-rev : 5'-CGTAGCGAGGGCAAGGGTTTATTGTTTTCTAAAATCTG-3'

yplP Up F : 5-ATAAACGTCCGAGATTCCGC-3'

ypIP Up-cat R : 5'-CTTGATAATAAGGGTAACTATTGCCCAATTGGCTCCTTTTGGTT-3'
yplPDn-cat F : 5'-GGGTAACTAGCCTCGCCGGTCCACGCGATCGAAAGGAGAATGTAC-3'

ypIPDnR : 5'-TGCCGGTTTTAAGCGTTTAA-3'
cat-fwd : 5'-CGG CAA TAG TTA CCC TTA TTA TCA AG-3'

cat-rev : 5'-CCA GCG TGG ACC GGC GAG GCT AGT TAC CC-3'
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Fig. 1. Identifiation of sigL, bkdR, des and yplP deletion mutants. (A)
Confirmation of deletion of yp/P, sigL, bkdR, and des by PCR analysis. To
confirm deletions of these genes, PCR reactions were carried out with
forward primers at 5’-upstream region of knock out genes and reverse
primers of antibiotics genes. (B) Colony PCR products with B. subtilis wild
strain (lane W) and deletion candidates (lane K) were shown. Expected
sizes of PCR products are 2.6 kb (sigL), 2.4 kb (bkdR), 2.3 kb (des), and 2.2

kb (plP).
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Fig. 2. Effects of yplP, sigL, and bkdR single gene deletion on growth of B. subtilis strains CU1065 (WT), JH642 (WT), and yplP", sigL", bkdR" at different
temperature. Cells were incubated in liquid LB medium at 37°C [(A) CU1065, (C) JH642], 15°C [(B) CU1065, (D) JH642] and growth was monitored at

ODggo. Each growth curve represents the average of three independent experiments.
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Fig. 3. Effects of yplP, sigL, and bkdR single gene deletion on growth of B. subtilis strains CU1065 (WT), JH642 (WT), and ypIP", sigL’, bkdR" at different
temperature. Cells were incubated in liquid SMM medium at 37°C [(A) CU1065, (C) JH642], 15°C [(B) CU1065, (D) JH642] and growth was monitored at
ODsoo. Each growth curve represents the average of three independent experiments.
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Fig. 4. Effects of yplP, sigL, and bkdR single, double and triple gene deletions on growth of B. subtilis strain CU1065 (WT), and single (ypIP, sigL", bkdR'),
double (yplP sigL’, sigL’ bkdR, yplP bkdR) triple (yplP sigL bkdR') deletions at different temperature. Cells were incubated in LB plate at 37°C on upper

layer and at 20°C on lower layer.
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Fig. 5. Cold shock response of yplP, sigL, and bkdR single gene deletion mutants and wild type B. subtilis strains of CU1065 (A) and JH642 (B). After
inoculation (ODggo, 0.05) from an overnight culture in liquid SMM medium, the cells were grown at 37°C to an ODsg of 0.4 and subjected to cold shock
(15°C). Cell density and growth were monitored by measuring the ODggo. A cumulative graph of three independent experiments is shown.
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Fig. 6. Adaptation of bkdR deleted strain of B. subtilis JH642 to cold shock
in liquid SMM medium with Ile and Val amino acids. After inoculation
(ODgoo, 0.05) from an overnight culture in the same medium, the cells
were grown at 37°C to an ODgp of 0.4 and subjected to cold shock (15°C).
Amino acids in 100 mM final concentration were added 5 min before the
cold shock. Cell density and growth were monitored by measuring the
ODggo. A cumulative graph of three independent experiments is shown.
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Fig. 7. Cold shock response of bkdR and des gene deletion mutants on growth of B. subtilis JH642 (WT) and bkdR, des’, and bkdR des. Cells were incubated
in liquid LB medium at 37°C; (A) After inoculation (ODgg9, 0.05) from an overnight culture in liquid SMM medium, the cells were grown at 37°C to an ODggg
of 0.4 and subjected to cold shock (15°C); (B) Cell density and growth were monitored by measuring the ODggo. A cumulative graph of three independent

experiments is shown.
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