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We investigated the cold shock sensitivity of DEAD-box RNA helicase gene deleted strains of in
Bacillus subtilis CU1065. To understand cold shock effects, cells were cultivated at 37°C to log
phase (0.Dg»=0.5-0.6) and then temperature was shifted to 15°C. Cold shock slow down the growth
rate of wild type and deleted strains of DEAD-box RNA helicase gene (ydbR, yfmL, yqfR, deaD).
The growth rate of ydbR deleted strain is 5 times severely reduced compared to that of wild type
strain (CU1065). But the growth rate of other three (yfinL, yqfR, deaD) deleted strains is nearly
equal to the growth rate of wild type. Compared to 37°C, the amount of ydbR and ygfR mRNA
transcripts are increased at the growth temperature of 15°C. On the other hands the mRNA
transcripts of yfmL and deaD are not changed at both conditions of 37°C and 15°C. Upon cold
shock treatment ydbR mRNA transcript is clearly increased. After treatment of rifampicin (bacteria
transcription inhibitor) the amount of ydbR mRNA was measured. Temperature shift from 37°C to
15°C and rifampicin treatment showed slowly decay of ydbR mRNA. But at 37°C and rifampicin
treatment ydbR mRNA is rapidly reduced. These results showed that cold shock induction of ydbR
mRNA resulted from the stability of ydbR mRNA and not from the transcription induction of ydbR.
In relation to these results, we found the cold box element of csp (cold shock protein gene) in 5’
untranslated region of ydbR gene. Cold shock induction of ydbR is caused by the stability of ydbR
mRNA like the stability of csp mRNA.
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Table 1. Oligonucleotide sequences used for LFH-PCR

oligo sequence

YfmL UpF 5-CGGTGACATCTCGCTCTAAA-3'

YfmL Up-mls R 5-GAGGGTTGCCAGAGTTAAAGGATCAGCCGGAAGCATTCCAATTC-3'
YfmL Dn-mls F 5-CGATTATGTCTTTTGCGCAGTCGGCGTGCTGAGCCTTGTGACAAA-3'

YfmL Dn R 5-ACATTCCTGACGCGTTTCTC-3'
Mis F 5-GATCCTTTAACTCTGGCAACCCTC-3’
Mis R 5'-GCCGACTGCGCAAAAGACATAATCG-3'
YqfR Up F 5-CCTCATTGGCCTCTGTCT-3'

YqfR Up-kana R 5-CCTATCACCTCAAATGGTTCGCTGCAAGGCGATGTACTGCATCT-3'
YqfR Dn-kana F 5-CGAGCGCCTACGAGGAATTTGTATCGAAGCCGAAGAAGGTTAAGCC-3'

YqfR Dn R : 5-AGCACTCCGTCAAAGTCTTC-3’
Kana F: 5-CAGCGAACCATTTGAGGTGAT-3'

Kana R: 5-CGATACAAATTCCTCGTAGGCGCTCG-3'
DeaD Up F 5-GATGCTGCCTCACTATATCG-3'

DeaD Up-cat R 5-CTTGATATTAAGGGTAACTATTGCCCAGTCCTTCCAATGCTCGTA-3’
DeaD Dn-cat F 5-GGGTAACTAGCCTCGCCGGTCCACGTGGTAAAGGCCCTCATGTTC-3'

DeaD Dn R 5-CGATGAAACGGATCAGGCAA-3'
Cat-fwd 5-CGGCAATAGTTACCCTTATTATCAAG-3’
Cat-rev 5-CCAGCGTGGACCGGCGAGGCTAGTTACCC-3’
YdbR Up F 5-GACAGAAAGCCTTGAAGGCT-3'

YdbR Up-spec R 5'-CGTTACGTTATTAGCGAGCCAGTCTGCTTCTTCAAATCCCATACG-3'
YdbR Dn-spec F 5'-CAATAAACCCTTGCCCTCGCTACGGGGAAAAGCAACAACCGTTC-3'

YdbR Dn R 5-CAGACATCATCGTCAGTCAC-3'

Sepc F 5-GACTGGCTCGCTAATAACGTAACGTGACTGGCAAGAG-3’

Sepc R 5-CGTAGCGGCAAGGGTTTATTGTTTTCTAAAATCTG-3'

DNA®| Zgsle] Frhd M#Aol] J3s 5= A2 B
2= JTK12). CSPY] #2524 X749 dde 5 B
9] UTR9] (untranslated region) cold box element”} #3}
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Fig. 1. Cold shock effect on growth of B. subtilis CU1065
(wt) and deaD’, yqfR, yfmL’, ydbR. Cells were grown in
liquid LB media at 37°C to an O.Dgyp of 0.5-0.6 and then
immediately shifted to 15°C. At indicated time points, the
0.Dgoo of the cells was determined. The growth experiment
was repeated three times.
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Fig. 2. Northern blot analysis showing the level of putative
DEAD-box RNA helicase mRNA in CU1065 cells at 15
and 37°C. The upper panel shows the ethidium bromide-
stained 16S and 23S rRNA gene bands from the same gel,
which served as a loading control. The intensity of 16S
rRNA was used to normalize the RNA helicase mRNA
levels.

AdA frie=A] e A9E Btk AL T4S 78I
] = 37°ColA 15°CE %2 Y2]HA mRNAY <<
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rifampicin® *]2]3}e] mRNA %] =75 Northern blotS
Faete] dolRYThFig. 4). 37°CE A& FASE B¢
rifampicing 251 ydbRS] mRNA o] 23] 7Hishe
HIAG|(T,,=27 min) 37°CoA] 15°CE £E8 o] e
A4S 718PEA rifampicing *2]S1d mRNA o] 743}
= £571 Wl S5 USS € AtKTip=213 min).
o] rifampicing et S AAPSol= EFSkaL
mRNA o] #2oA A3l e ASZ Holm 729
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Fig. 3. Effects of cold shock on DEAD-box RNA helicase
mRNA level. Northern blot analysis showing the level of
putative DEAD-box RNA helicase in CU1065 cells just
before 37°C (Lane 1) and at various time-points after
shifting to 15°C (Lane 2, 3, 4; 1 h, 2 h, 3 h). The upper
panel shows the ethidium bromide-stained 16S and 23S
rRNA gene bands from the same gel, which served as a
loading control. The intensity of 16S rRNA was used to
normalize the RNA helicase mRNA levels.
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= SrmB2} CsdAE ribosome assemblyS’} mRNA decayoﬂ
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RNA helicase™ 4 TF= 11 8483 Jd7} 7]50] g&A
DA et ZHZol Lee9} Oholl &J3] ©]E helicase F-HAS
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Fig. 4. Decay kinetics of the YdbR transcript at 37 and 15°C. (A) Northern blot showing the ydbR transcript decay in CU1065
cells at 20 min after cold shock treatment and continuous growing at 37°C. YdbR mRNA levels at various time-points (in
minutes) are indicated above each lane after rifampicin addition. The upper panel shows the ethidium bromide-stained 16S and
23S rRNA gene bands from the same gel, which served as a loading control. The intensity of 16S rRNA was used to
normalize the RNA helicase mRNA levels. (B) Plot of ydbR mRNA remaining (%) vs. time after rifampicin addition during
cold shock. The value corresponding to O min after rifampicin addition is taken as 100%. Half lives determined from least

squares fit for each data set.

A7} FYSHA ydbR A 150 AFo] =eAe As A
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Z7014 37°ColME mRNA Z47F 343 ofuhKTp=
27 min), BFA] 15°ColAE mRNA %o] AL FAH )
S-S & & AYTHTL=213 min). ©]= CSPY] ALoAj9]
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Table 2. Comparison of the cold box elements in the 5’
region of genes coding for cold-induced DEAD-box helicases
and CSP

distance of
cold-box .
L sequence strains
totranscription
start site (bp)
8 TGAAGAACAGA E coli cspB
7 TGACGTACAGA E coli cspA
48 TGACGTACACA E coli csdA
80 TGAAAAATA A A B subtilis cspB
nd” TGAATAAAACA B subtlis ygfR
nd’ TGAAAAACAAA B subilis ydbR
cC T
consensus

TGAANAACAN

* nd; Transcription start site was not determined.
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R3] 7r28k9. o, thE DEAD-box RNA helicase -312F
o] (wfimL, yqfR, deaD) Z&L oY w59} Hisg AFS
Rtk AeAe] 32 TdS golr 7] 9131e] Northern
blot> 2 mRNA 2 ol Az} 37°Col Hls| 15°CollA]
ydbR¥} ygfRS] mRNAZALE F715 ER1E 4= U, vhd
of yfinL¥} deaD®] AL TV TEEA] kgt 37°Col|lA
15°C2 A& $4L 71814 ydbR mRNA ko] 53138 F7}
= s, AAF AAAQ rifampicing X2l &te] ydbR
mRNA 9] & ZARIAS Wl 15°C Z7olA = mRNA 4o]
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27F dofub Aol A fres7] ok AL $ AR
Fgell 7IQlek= Ao® Btk o] Bt ydbR 34
9] 5" UTR (untranaslated region) FollX] csp (cold shock
protein) -AAfol|A FHZE= cold box elementE A3
3, ydbRO] A2 T4 Z7A ddEEE 2go] espet AT
A AARES] QFEAdCl 7IRIgkS & 4 SUSITh

o3
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