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We determined the entire nucleotide sequence of the Kiebsiella aerogenes W70 pullulanase gene (pulA)
contained on a 4.2-kilobase-pair fragment of plasmid pPB174. The amino acid composition deduced from an

open reading frame of 3,288 base pairs agreed closely with that determin

for the intracellular pullalanase.

The precursor enzyme consisted of 1,096 amino acid residues and contained a hydrophobic N-terminal signal
peptide and the consensus sequence for the bacterial prelipoprotein signal peptide cleavage site.

Pullulanase (EC 3.2.1.41, pullulan 6-glucanohydrolase), a
starch-debranching enzyme, hydrolyzes (1-6)-a-glucosidic
linkages in pullulan and starch to form maltotriose. This
enzyme is produced by the gram-negative bacterium Kleb-

genes W70 (19). We sequenced the entire pullulanase gene
(pulA) and showed that the precursor enzyme contained
N-terminal signal peptide. The precursor and mature pro-
teins deduced from the DNA sequence showed a high degree
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FIG. 1. Sequencing strategy for the 4.2-kilobase-pair fragment of pPB17 containing the pulA gene. The restriction sites shown within the
pullulanase-coding sequence were used to subclone DNA fragments in the M13 vectors. The closed and open boxes indicate the pulA and
malX genes, respectively. The open arrows show the transcriptional directions of the two genes. The closed arrows show the lengths and
directions of the sequences determined. The fragments were reanalyzed by the modification method with methoxyamine and bisulfite (*) and

with deoxy-7-deazaguanosine triphosphate (**).

siella aerogenes and secreted from the cells into the culture
broth (2). We recently cloned the pullulanase gene (pulA) of
K. aerogenes W70 (19), which is located within a 4.2-
kilobase-pair segment of the chromosomal DNA on plasmid
pPB174. K. aerogenes cells carrying plasmid pPB174 over-
produce both extracellular and intracellular pullulanase
when the cells are induced by maltose. The two enzymes are
immunologically identical to those produced by K. aero-
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of correspondence to the total amino acid compositions of
the intracellular and extracellular enzymes.

LB and PMA media (18) were used for routine cultivation
of Escherichia coli and K. aerogenes cells. We prepared
intracellular and extracellular pullulanases from K. aero-
genes W70 (pMP1) (19) and purified each to a single protein
as described by Eisele et al. (4), except that DEAE-
Toyopearl 650S and Toyopearl HWS55S (Toyosoda Co. Ltd.,
Tokyo, Japan) were used instead of DEAE-cellulose and
Sephadex G-200, respectively. The amino acid composition
of the enzyme was determined by using a Hitachi model 835
amino acid analyzer. Restriction endonucleases, T4 DNA
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*1
Hpal Gly-Met-Val-Ser-Se

AA.CCC.CAT.CAC.AGA.AA

TT.GGG.GTA.GTG.TCT.TT
r-Pro-Met SD *60
C.TGG.CAT.TTTAATTCCTTTGCTAATTTATTTTTCTGCACGTTGGCGTAATACCCTACCGAAACAGGTAGGTGATTA
G.ACC.GTA.AAATTAAGGAAACGATTAAATAAAAAGACGTGCAACCGCATTATGGGATGGCTTTGTCCATCCACTAAT

*120 -s-malx -10
TTGGCTTTTGAATTATTTATTGCCGGAGAGTGGCGATAAGCGTGGCGAATCATAATCAGTTTGCGGTTTCGGGTCGTCA
AACCGAAAACTTAATAAATAACGGCCTCTCACCGCTATTCGCACCGCTTAGTATTAGTCAAACGCCAAAGCCCAGCAGT
-35 *180 *240
TTCCCTTTATTGATTTACTCCCCCGGCTTCCTACGCCCCCCGCTCATTTGTGGGGGATGATTGCGCCTGGGAAAGCAAA
AAGGGAAATAACTAAATGAGGGGGCCGAAGGATGCGGGGGGCGAGTAAACACCCCCTACTAACGCGGACCCTTTCGTTT
*300 -35
AATATCTAATTAGCGCGCTGTAAAGATATTCATCCTTTCTTACCTTTTATAATTTAATAAGCATATTAGGGACTATCGA
TTATAGATTAATCGCGCGACATTTCTATAAGTAGGAAAGAATGGAAAATATTAAATTATTCGTATAATCCCTGATAGCT
-10 pPulaA = SD
* 330 L]
ATG.CTC.AGA.TAT.ACC.TGT.CAT.GCC.CTA.TTT.CTT.GGA.TCG.TTA.GTA.TTA.TTG.AGT.GGC.TGT
Met-Leu-Arg-Tyr-Thr-Cys-His-Ala-Leu-Phe-Leu-Gly-Ser-Leu-Val-Leu-Leu-Ser-Gly-Cys
-1 +1

* 390
GAT.AAC.AGC.TCT.TCC.TCT.TCT.ACC.TCT.GGC.TCA.CCG.GGT.TCA.CCA.GGC.AAT.CCT.GGC.AAC
Asp-Asn-Ser-Ser-Ser-Ser-Ser-Thr-Ser-Gly-Ser-Pro-Gly-Ser-Pro-Gly-Asn-Pro-Gly-Asn
* 450
CCA.GGC.ACT.CCC.GGC.ACG.CCC.GAC.CCG.CAG.GAT.GTC.GTC.GTC.CGC.TTA.CCG.GAC.GTT.GCC
Pro-Gly-Thr-Pro-Gly-Thr-Pro-Asp-Pro-Gln-Asp-Val-Val-Val-Arg-Leu-Pro-Asp-Val-Ala
* 510 EcoRV
GTC.CCA.GGC.GAA.GCG.GTG.CAG.GCT.TCC.GCC.AGG.CAG.GCT.GTC.ATT.CAT.CTC.GTC.GAT.ATC
Val-Pro-Gly-Glu-Ala-Val-Gln-Ala-Ser-Ala-Arg-Gln-Ala-Val-Ile-His-Leu-Val-Asp-Ile
* 570
GCC.GGC.ATC.ACC.AGC.AGC.ACG.CCG.GCC.GAC.TAT.GCG.ACG.AAA.AAC.CTC.TAT.TTA.TGG.AAC
Ala-Gly-Ile-Thr-Ser-Ser-Thr-Pro-Ala-Asp-Tyr-Ala-Thr-Lys-Asn-Leu-Tyr-Leu-Trp-Asn
* 630
AAC.GAA.ACC.TGT.GAC.GCG.CTG.AGC.GCG.CCG.GTG.GCG.GAC.TGG.AAT.GAT.GTC.AGC.ACC.ACG
Asn-Glu-Thr-Cys-Asp-Ala-Leu-Ser-Ala-Pro-Val-Ala-Asp-Trp-Asn-Asp-Val-Ser-Thr-Thr
* 690
CCG.ACC.GGC.AGC.GAC.AAA.TAT.GGC.CCT.TAC.TGG.GTG.ATC.CCG.CTG.ACT.AAA.GAG.AGC.GGA
Pro-Thr-Gly-Ser-Asp-Lys-Tyr-Gly-Pro-Tyr-Trp-Val-Ile-Pro-Leu-Thr-Lys-Glu-Ser-Gly
* 750 HindIII
TCG.ATC.AAC.GTT.ATC.GTC.CGC.GAT.GGC.ACC.AAT.AAG.CTT.ATC.GAC.AGC.GGA.CGT.GTC.TCT
Ser-Ile-Asn-Val-Ile-Val-Arg-Asp-Gly-Thr-Asn-Lys-Leu-Ile-Asp-Ser-Gly-Arg-Val-Ser
* 810
TTC.AGT.GAT.TTC.ACC.GAT.CGG.ACG.GTA.TCG.GTC.ATC.GCC.GGC.AAC.AGC.GCG.GTC.TAT.GAC
Phe-Ser-Asp-Phe-Thr-Asp-Arg-Thr-vVal-Ser-vVal-Ile-Ala-Gly-Asn-Ser-Ala-Val-Tyr-Asp
* 870
TCC.CGC.GCC.GAC.GCC.TTC.CGC.GCC.GCC.TTT.GGC.GTG.GCG.CTG.GCC.GAT.GCG.CAC.TGG.GTC
Ser-Arg-Ala-Asp-Ala-Phe-Arg-Ala-Ala-Phe-Gly-Val-Ala-Leu-Ala-Asp-Ala-His-Trp-Val
* 930
GAT.AAG.ACT.ACT.CTG.CTG.TGG.CCG.GGT.GGG.GAA . AAT.AAA.CCC.ATT.GTG.CGC.CTC.TAT.TAC
Asp-Lys-Thr-Thr-Leu-Leu-Trp-Pro-Gly-Gly-Glu-Asn-Lys-Pro-Ile-Val-Arg-Leu-Tyr-Tyr
FIG. 2. Nucleotide sequence of the DNA fragment containing the pullulanase gene. The presumptive —35, —10, Shine-Dalgarno

ribosome-binding site (SD), +1 processing site, and the stem-loop structure are indicated beneath the sequence. The restriction endonuclease
sites are shown above the sequence. The initiation signals for the malX gene are as described by Chapon and Raibaud (3).

ligase, alkaline phosphatase, BAL 31 nuclease, and Klenow
fragment (obtained from Takara Shuzo Co. Ltd., Kyoto,
Japan, or Toyobo Co. Ltd., Osaka, Japan) were used to
subclone the fragments of pPB174 containing the pulA gene
(19). The dideoxy chain terminator sequence method (16)
was used to determine the DNA sequence. The Takara
sequence kit (Takara Shuzo) was used for the reactions.
[a-*?P]dCTP (>400 Ci/mmol) was obtained from Amersham
Corp., Arlington Heights, Iil.

The appropriate fragments (Fig. 1) were ligated to replica-
tive-form DNA of the M13mp18 or mp19 cloning vectors and
used to transfect E. coli IM105 (21). Bacteriophages from
colorless plaques were used to infect 2.0-ml cultures of
JM10S, and double-stranded replicative-form DNA was iso-
lated from the infected cells. Minilysate DNA (8) was then
examined to select the correct inserts and transfected into
strain JM105. Single-stranded DN A was then purified from
bacteriophage liberated by these transfected cells (21). The
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* 990 v
AGC.CAC.AGC.AGT.AAG.GTG.GCC.GCC.GAC.AGT.AAC.GGC.GAA.TTT.AGC.GAT.AAA.TAT.GTC.AAG
§$gggis-Ser-Ser-Lys-Va1-Ala-Ala-Asp-Ser-Asn-Gly-Glu-Phe-Ser-Asp-Lys-Tyr-Va1-Lys
CTG.ACC.CCC.ACC.ACC.GTC.AAC.CAG.CAG.GTA.AGC.ATG.CGC.TTC.CCG.CAT.CTC.GCC.AGC.TAT
2$?;§hr-Pro-Thr-Thr-Va1-Asn-G1n~G1n-Val-Ser-Met-Arg-Phe-Pro-His-Leu-Ala-Ser-Tyr
_ Hpal
CCA.GCC.TTT.AAA.CTG.CCG.GAT.GAT.GTT.AAC.GTC.GAT.GAA.TTG.CTG.CAG.GGC.GAC.GAC.GGT
Pro-Ala-Phe-Lys-Leu-Pro-Asp-Asp-Val-Asn-Val-Asp-Glu-Leu-Leu-Gln-Gly-Asp-Asp-Gly
*1170 ‘ BamHI
GGG.ATC.GCG.GAA.AGC.GAT.GGG.ATC.CTG.AGC.CTC.AGC.CAC.CCA.GGT.GCA.GAC.CGC.CGG.CGT
f%gsgle-Ala-Glu-Ser-Aspacly-I1e~Leu-Ser-Leu-Ser-His-Pro-Gly-Ala-Asp—Arg-Arg-Arg
GCT.GGA.CGA.TAC.CTA.TGC.CGC.CGC.GCC.GAG.GCG.CTG.AGC.TAT.GGC.GCC.CAG.CTA.ACC.GAT
Q%g;gly-Arg-Tyr-Leu-Cys-Arg-Arg-Ala-Glu-Ala-Leu-Ser-Tyr-Gly-Ala-Gln-Leu-Thr-Asp
AGC.GGC.GTG.ACC.TTC.CGC.GTC.TGG.GCG.CCC.ACG.GCG.CAG.CAG.GTC.GAG.CTG.GTG.ATC.TAT
§$§gcly-Val-Thr-Phe-Arg-Va1-Trp-Ala-Pro-Thr-Ala-Gln-Gln—Val-Glu—Leu-Val-Ile-Tyr
0
AGC.GCG.GAC.AAG.AAA.GTG.ATA.GCC.AGT.CAC.CCG.ATG.ACC.CGC.GAC.AGC.GCC.TCC.GGC.GCC
ie:;Ala-Asp-Lys-Lys-Val-Ile-Ala-Ser-His-Pro—Met-Thr-Arg-Asp-Ser-Ala-Ser-Gly-Ala
1410
TGG.TCC.TGG.CAG.GGG.GGA.AGC.GAC.CTG.AAG.GGC.GCC.TTC.TAC.CGC.TAC.GCG.ATG.ACG.GTC
Efg;Ser-Trp-Gln-Gly-Gly-Ser-Asp-Leu-Lys-Gly-Ala-Phe-Tyr-Arg-Tyr-Ala~MetaThr-Va1
0
TAC.CAC.CCG.CAG.TCG.CGT.AAA.GTC.GAG.CAG.TAC.GAA.GTG.ACC.GAT.CCC.TAC.GCC.CAC.AGT
Tyr-His-Pro-Gln-Ser-Arg-Lys-Val-Glu-Gln-Tyr-Glu-Val-Thr-Asp-Pro-Tyr-Ala-His-Ser
*1530 Sall
TTG.TCG.ACC.AAC.TCG.GAG.TAC.AGC.CAG.GTG.GTC.GAT.CTC.AAC.GAC.AGC.GCG.CTG.AAG.CCG
Leu-Ser-Thr-Asn-Ser-Glu-Tyr-Ser-Gln-Val-Val-Asp-Leu-Asn-Asp-Ser-Ala-Leu-Lys-Pro
*1590
GAA.GGC.TGG.GAC.GGG.CTG.ACG.ATG.CCG.CAC.GCG.CAG.AAA.ACC.AAA.GCC.GAT.CTG.GCG.AAA
Glu-Gly-Trp-Asp-Gly-Leu-Thr-Met-Pro-His-Ala-Gln-Lys-Thr-Lys-Ala-Asp-Leu-Ala-Lys
*1650
ATG.ACG.ATT.CAC.GAA.TCG.CAT.ATT.CGC.GAT.CTC.TCC.GCC.TGG.GAT.CAA.ACC.GTG.CCT.GCG
Met-Thr-Ile-His-Glu-Ser-His-Ile-Arg-Asp-Leu-Ser-Ala-Trp-Asp-Gln-Thr-val-Pro-Ala
*1710
GAG.CTG.CGC.GGT.AAG.TAT.CTG.GCG.CTC.ACC.GCC.:CAG.GAA.AGC.AAT.ATG.GTC.CAG.CAT.CTG
Glu-Leu-Arg-Gly-Lys-Tyr-Leu-Ala-Leu-Thr-Ala-Gln-Glu-Ser-Asn-Met-Val-Gln-His-Leu
*1770
AAA.CAG.CTG.TCG.GCC.TCG.GGC.GTG.ACC.CAT . ATT.GAG.CTG.CTG.CCG.GTC.TTC.GAT.CTG.GCG
Lys-Gln-Leu-Ser-Ala-Ser-Gly-Val-Thr-His-Ile-Glu-Leu-Leu-Pro-Val-Phe-Asp-Leu-~Ala
*1830
ACG.GTC.AAT.GAG.TTC.AGC.GAC.AAG.GTC.GCC.GAT.ATT.CAG.CAG.CCG.TTC.AGC.CGC.CTG.TGC
Thr-Val-Asn-Glu-Phe-Ser-Asp-Lys-Val-Ala-Asp-Ile-Gln-Gln-Pro-Phe-Ser-Arg-Leu-Cys
*1890
GAG.GTC.AAT.AGC.GCG.GTG.AAG.AGC.AGC.GAG. TTT.GCG.GGC.TAT.TGC.GAC.AGC.GGT. TCG.ACG
Glu-Val-Asn-Ser-Ala-Val-Lys-Ser-Ser-Glu-Phe-Ala-Gly-Tyr-Cys-Asp-Ser-Gly-Ser-Thr
*1950
GTT.GAA.GAG.GTG.CTG.ACT.CAG.CTG.AAG.CAG.AAC.GAC.AGC.AAG.GAT.AAC.CCG.CAG.GTG.CAG
Val-Glu-Glu-vVal-Leu-Thr-Gln-Leu-Lys-Gln-Asn-Asp-Ser-Lys-Asp-Asn-Pro-Gln-Val-Gln

labeled fragments were separated by polyacrylamide gel
electrophoresis under denaturing conditions. To eliminate
the G-C band compression, several fragments shown in Fig.
1 were reanalyzed by the modification method with
methoxyamine and bisulfite (1) and with deoxy-7-
deazaguanosine triphosphate (9). Computerassisted se-
quence analysis was carried out with GENETYX programs
(SDC Software Development Co. Ltd., Tokyo, Japan).

A 4,130-base-pair fragment of pPB174 DNA containing the
pulA gene is shown in Fig. 2. We found an open reading

Figure continued on following page

frame of 3,288 bases, with the ATG initiation codon at
position 330 and the TGA termination codon at position
3618. A possible Shine-Dalgarno ribosome-binding site (17)
with the sequence AGGGA was located 8 bases upstream of
the initiation codon. Potential —35 and —10 promoter re-
gions were detected at positions 230 (GGATGA) and 260
(TCTAAT). The Xhol site, which was suggested by deletion
analysis (19) to be near the 3’ end of the pulA gene in a region
essential for pullulanase activity, was 36 bases upstream
from the stop codon TGA. Furthermore, 150 bases down-
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*2010
GCG.TTG.AAT.ACG.CTG.GTG.GCG.CAG.ACC.GAC.TCC.TAT.AAC.TGG.GGC.TAC.GAT.CCG.TTC.CAC
Ala-Leu-Asn-Thr-Leu-Val-Ala-Gln-Thr-Asp-Ser-Tyr-Asn-Trp-Gly-Tyr-Asp-Pro-Phe-lis
*2070 Kpnl BamHI

TAC.ACG.GTA.CCG.GAA.GGA.TCC.TAC.GCC. ACC.GAT.CCG.GAA.GGC.ACA.GCG.CGT.ATT.AAA.GAG
Tyr-Thr-val-Pro-Glu-Gly-Ser-Tyr-Ala-Thr-Asp-Pro-Glu-Gly-Thr-Ala-Arg-Ile-Lys-Glu
*2130 ‘
TTC.CGC.ACC.ATG.ATT.CAG.GCG.ATC.AAG.CAG.GAT.CTG.GGA.ATG.AAC.GTC.ATT.ATG.GAC.GTG
Phe-Arg-Thr-Met-Ile-Gln-Ala-Ile-Lys-Gln-Asp-Leu-Gly-Met-Asn-Val-Ile-Met-Asp-Val
*2190
GTG.TAC.AAC.CAC.ACC.AAC.GCC.GCC.GGC.CCG.ACC.GAT.CGC.ACC.TCG.GTA.CTG.GAT.AAG.ATC
Val-Tyr-Asn-His-Thr-Asn-Ala-Ala-Gly-Pro-Thr-Asp-Arg-Thr-Ser-Val-Leu-Asp-Lys-1Ile
*2250
GTC.CCC.TGG.TAC.TAC.CAG.CGT.CTG.AAC.GAA.ACC.ACC.GGC.AGC.GTG.GAA.TCG.GCT.ACC.TGT
Val-Pro-Trp-Tyr-Tyr-Gln-Arg-Leu-Asn-Glu-Thr-Thr-Gly-Ser-val-Glu-Ser-Ala-Thr-Cys
*2310 HindIII
TGC.TCC.GAC.TCG.GCG.CCA.GAG.CAC.CGG.ATG.TTC.GCC.AAG.CTT.ATC.GCC.GAT.TCA.CTG.GCG
Cys-Ser-Asp-Ser-Ala-Pro-Glu-His-Arg-Met-Phe-Ala-Lys-Leu-Ile-Ala-Asp-Ser-Leu-Ala
*2370 . »
GTA.TGG.ACC.ACC.GAT.TAT.AAG.ATCsGAT.GGC.TTC.CGC.TTC.GAC.CTG.ATG.GGC.TAC.CAC.CCG
Val-Trp-Thr-Thr-Asp-Tyr-Lys-Ile-Asp-Gly-Phe-Arg-Phe-Asp-Leu-Met-Gly-Tyr-His-Pro
*2430 , ECORV
AAA.GCG.CAG.ATC.CTC.TCG.GCC.TGG.GAA.CGC.ATT.AAA.GCG.CTG.AAC.CCG.GAT.ATC.TAC.TTC
Lys-Ala-Gln-Ile-Leu-Ser-Ala-Trp-Glu-Arg-Ile-Lys-Ala-Leu-Asn-Pro-Asp-Ile-Tyr-Phe
*2490
TTT.GGC.GAA,.GGC.TGG.GAT.TCC.AAC.CAG.AGC.GAT.CGC.TTT.GAA.ATT.GCC.TCG.CAA.ATC.AAT
Phe-Gly-Glu-Gly-Trp-Asp-Ser-Asn-Gln-Ser-Asp-Arg-Phe-Glu-Ile-Ala-Ser-Gln-Ile-Asn
*2550
CTC.AAA.GGC.ACC.GGG.ATC.GGC.ACG.TTC.TCC.GAT.CGT.CTG.CGC.GAC.GCC.GTG.CGC.GGC.GGC
Leu-Lys-Gly-Thr-Gly-Ile-Gly-Thr-Phe-Ser-Asp-Arg-Leu-Arg-Asp-Ala-Val-Arg-Gly-Gly
*2610 _ v _
GGG.CCG.TTC.GAC.TCC.GGT.GAC.GCA.TTA.CGC.CAG.AAC.CAG.GGC.GTG.GGC.AGC.GGG.GCT.GGC
Gly-Pro-Pheé-Asp-Ser-Gly-Asp-Ala-Leu-Arg-Gln-Asn-Gln-Gly-Val-Gly-Ser-Gly-Ala-Gly
*2670
GTT.CTG.CCG.AAT.GAG.CTG.ACC.ACC.CTG.AGC.GAC.GAT.CAG.GCG.CGT.CAC.CTC.GCC.GAT.CTG
Val-Leu-Pro-Asn-Glu-Leu-Thr-Thr-Leu-Ser-Asp-Asp-Gln-Ala-Arg-His-Leu-Ala-Asp-Leu
*2730
ACC.CGT.CTC.GGC.ATG.GCC.GGT.AAC.CTT.GCG.GAC.TTT.GTG.CTG.ATC.GAC.AAA.GAC.GGC.GCG
Thr-Arg-Leu-Gly-Met-Ala-Gly-Asn-Leu-Ala-Asp-Phe-Val-Leu-Ile-Asp- Lys-Asp-Gly-Ala
*2790
GTG.AAG.AGA.GGC.AGC.GAG.ATT.GAT.TAT.AAC.GGC.GCG.CCA.GGC.GGC.TAT.GCG.GCT.GAT.CCG
Val-Lys-Arg-Gly-Ser-Glu-Ile-Asp-Tyr-Asn-Gly-Ala-Pro-Gly-Gly-Tyr-Ala-Ala-Asp-Pro
*2850
ACG.GAA.GTC.GTG.AAC.TAT.GTG.TCA.AAA.CAC.GAT.AAC.CAG.ACG.CTG.TGG.GAC.ATG.ATC.AGC
Thr-Glu-vVal-vVal-Asn-Tyr-Val-Ser-Lys-His-Asp-Asn-Gln-Thr-Leu-Trp-Asp-Met-Ile-Ser
*2910
TAT.AAA.GCC.GCT.CAG.GAG.GCG.GAT.CTC.GAT.ACC.CGC.GTC.CGG.ATG.CAG.GCG.GTG.TCG. CTG
Tyr-Lys-Ala-Ala-Gln-Glu-Ala-Asp-Leu-Asp-Thr-Arg-val-Arg-Met-Gln-Ala-Val-Ser-Leu
*2970
GCG.ACG.GTG.ATG.CTC.GGC.CAG.GGG.ATC.GCC.TTT.GAC.CAG.CAG.GGC.TCG.GAG.CTG.CTG.CGC
Ala-Thr-val-Met-Leu-Gly-Gln-Gly-Ile-Ala-Phe-Asp-Gln-Gln-Gly-Ser-Glu-Leu-Leu-Arg

stream from the C-terminal codon of pullulanase was a
palindromic sequence (AG, —20.9 kcal/mol [ca. —87.4
kJ/mol]) that might act as a transcription terminator (15). We
also detected the promoter signals of malX at positions 174
(GAATGA) and 146 (TATGAT) in the opposite orientation
to pulA, as shown in Klebsiella pneumoniae (3). The func-
tion of the malX gene is unknown, but it is controlled by
malT (3). ,

The amino acid sequence deduced from this reading frame
showed that a 19-amino-acid signal peptide could precede

the mature pullulanase sequence, with a glycine residue at
the potential cleavage site where processing of the precursor
would occur to yield the mature pullulanase of K. pneumo-
niae (3, 14). This sequence was followed by a cysteine
residue, which was modified by palmitate and probably
becomes the amino terminus of the mature protein (14). We
also found that both intracellular and extracellular
pullulanases of K. aerogenes were labeled with [*H]palmi-
tate (Y. Murooka, N. Takizawa, and N. Katsuragi, Proc.
14th Int. Congr. Microbiol., p. 298, 1986). The sequence
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*3030

TCT.AAA.TCC.TTT.ACC.CGC.GAT.TCG.TAT.GAT.TCC.GGC.GAC.TGG.TTT.AAC.CGC.GTG.GAC.TAC
igg;gys-Ser—Phe—Thr-Arg-Asp-Ser-Tyr-Asp-Ser-Gly—Asp-Trp-Phe—Asn—Arg-Val-Asp-Tyr
TCC.CTG.CAG.GAC.AAC.AAC.TAC.AAC.GTC.GGT.ATG.CCG.CGC.AGC.AGC.GAT.GAT.GGC.AGC.AAT
Ser-Leu-Gln-Asp-Asn-Asn-Tyr-Asn-Val-Gly-Met-Pro-Arg-Ser-Ser-Asp-Asp-Gly-Ser-Asn
*3150 SmaI
TAT.GAC.ATT.ATC.GCC.CGG.GTG.AAA.GAC.GCG.GTG.GCT.ACT.CCG.GGT.GAA.ACG.GAG.CTC.AAG
Tyr-Asp-Ile-Ile-Ala-Arg-vVal-Lys-Asp-Ala-Val-Ala-Thr-Pro-Gly-Glu-Thr-Glu-Leu-Lys
*3210
CAG.ATG.ACC.GCG.TTT.TAT.CAG.GAG.CTG.ACC.GCG.CTG.CGT.AAA.TCG.TCT.CCG.CTG.TTT.ACC
Gln-Met-Thr-Ala-Phe-Tyr-Gln-Glu-Leu-Thr-Ala-Leu-Arg-Lys-Ser-Ser-Pro-Leu-Phe-Thr
*3270
CTC.GGC.GAC.GGC.GCG.ACG.GTG.ATG.AAG.CGC.GTG.GAC. TTC.CGC.AAT.ACT.GGC.GCC.GAT.CAG
Leu-Gly—Asp-Gly-Ala-Thr-Va1-Met-Lys-Arg—Val-Asp-Phe-Arg-Asn-Thr-Gly-Ala-Asp-Gln
*3330 ClaI
CAG.ACG.GGT.CTG.CTG.GTG.ATG.ACC.ATC.GAT.GAC.GGG.ATG.CAG.GCT.GGC.CGC.CAG.TCT.GGA
Gln-Thr-Gly-Leu-Leu-Val-Met-Thr-Ile-Asp-Asp-Gly-Met-Gln-Ala-Gly-Arg-Gln-Ser-Gly
*3390 Sall
CAG.CCG.TGT.CGA.CGG.CAT.CGT.GGT.GGC.GAT.CAA.CGC.CGC.GCC.GGA.AAG.CCG.GAC.GCT.GCA
Gln-Pro-Cys-Arg-Arg-His-Arg-Gly—Gly-Asp-Gln-Arg—Arg-Ala-Gly-Lys-Pro-Asp-Ala-Ala
*3450
GGA.CTT.CGC.CGG.CAC.ATC.GCT.CCA.GCT.GAG.CGC.TAT.TCA.GCA.GGC.GGC.GGG.CGA.CCG.GTC
Gly-Leu-Arg-Arg-His-Ile-Ala—Pro-Ala-Glu-Arg—Tyr-Ser—Ala-Gly-Gly-Gly-Arg-Pro-Va1
*3510
GCT.GGC.GAG.CGC.GTG.CAG.GTT.GCC.GCT.GAC.GGT.TCG.GTC.ACG.CTG.CCG.GCC.TGG.TCG.GTT
Ala-Gly-Glu-Arg-Val-Gln-Val-Ala-Ala-Asp-Gly-Ser-Val-Thr-Leu-Pro-Ala-Trp-Ser-Va1
*3570 XhoI
GCC.GTT.CTC.GAG.TTG.CCG.CAG.GCG.AGT.CGC.AGG.GCG.CTG.GCC.TGC.CGG.TGA.GCAGTAAATAA
Ala-Val-Leu-Glu-Leu-Pro-Gln-Ala-Ser-Arg-Arg-Ala-Leu-Ala-Cys-Arg-***
*3690
CATAACGTAGGGCGCCCGTAAGCGTCTGGCTGATGACAAACCTGTTTCGTTATTGTGCTCGCCTTTCTGTCGGGTGGCG
*3750

GCTTTCGCTTACCCGGCCTACGAAAGATTGCAATTTCAAACAGTTATGCAGTTATCTGTAGGCCCGCGCAAGTAGCGCG

*3810 > * -
CCGGCCACTTCCTGAAGATTGCACTTTGTCAGCAGTCTGGGGCATCCGTAAGGGCGCCTTCTCGTTATCGTGAGGGAAC
*3870 *3930
AGGAGACGGTGGATGTCGGATAAGTGCATGAAACAGTATGCAGTATCTGTAGCCGCCAACGGTACGCCGCCGGGACTTC

*3990
CTGAAGATTGCACTTTGTCAGCAGTCTGGGGCATCCGTAAGGGCGCCTTCTCGTTATCGTGAGGGAACAGGAGACGGAT
*4050
TGAGTATGATTGTTCGTGATGACAGTGAAAAGCATCCGCCTCTGGTCGCATCAGCCGCCGTCCTCGCTGGATGATCGCC
*4110

GGTGAGCCGCGGTCGGATGGTGCAGATC

upstream from the cysteine residue (Leu-Leu-Ser-Gly) is the earlier (4). The values deduced from the DNA sequence for

same as the consensus sequence for the bacterial
prelipoprotein cleavage site (6, 10-12, 14).

The extracellular pullulanase of K. aerogenes was previ-
ously shown by Eisele et al. (4) to be a single polypeptide
chain molecule with a molecular weight of about 143,000,
whereas Ohba and Ueda (13, 20) estimated the molecular
weights of extracellular and intracellular enzymes of the
same organism to be about 70,000 and 80,000, respectively.
The translated sequence shows that the precursor
pullulanase contained 1,096 amino acid residues, giving a
molecular weight of 119,334, and that the predicted mature
protein contains 1,077 amino acids, giving a molecular
weight of 117,258. Thus, we conclude that pullulanase is a
monomeric protein.

The amino acid compositions of the precursor and mature

proteins deduced from the DNA sequence were compared .

with our amino acid analysis data and with data reported

each residue agree closely with those determined for the
analyzed intracellular and extracellular enzymes. The pref-
erential codon usage for the pulA gene is generally similar to
that demonstrated for several genes of E. coli (5; data not
shown). The hydropathy plot (7) showed that several regions
in the precursor form of the pullulanase contained a rela-
tively high concentration of hydrophobic amino acids. The
first region was in the signal peptide at the extreme N-
terminal end of the molecule. The other hydrophobic regions
were dispersed throughout the mature pullulanase molecule
(data not shown).

The transcription regulatory signals for the pulA gene are
identical to those reported by Chapon and Raibaud (3), who
sequenced the promoter regions of pulA and malX of K.
pneumoniae ATCC 15050 and demonstrated the transcrip-
tional startpoints. We found about 75% homology between
our DNA sequence and the 5’ end of the K. pneumoniae
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1 10
K. aerogenes MetLeuArgTyrThrCysHisAlaLeuPheLeuGlySerLeuValLeu
x K* x Kk K K X *x kx * * *x k *
K. pneumoniae MetLeuArgTyrThrCysAsnAlaLeuPheLeuGlySerLeulleLeu

20

30

LeuSerGlyCysAspAsnSerSerSerSerSerThrSerGlySerProGlySerProGlyAsnPro

* x  *x *x * *x *x *x *x *x %

LeuSerGlyCysAspAsnSerSerSerSerSer -

40

* *x % * *x %

- - SerSerGLYSerProAspAsnPro

GlyAsnProGlyThrProGlyThrProAspProGlnAspValValValArgLeuProAspValAla

*x % x % x * *x Xk * Kk *x *x Kk Kk K
GlyAsn - - - - - - ProAspAsnGlnAspValValValArgLeuProAspValAla
70 80

ValProGlyGluAlaValGlnAlaSerAlaArgGlnAlaVallleHisLeuValAsplle

* * * * * * * *

*

* *

ValProGlyGluAlaValMetAlaThrAlaAsnGlnAlaVal
FIG. 3. Comparison of the N-terminal sequences of the pulA gene products from K. aerogenes W70 and K. pneumoniae ATCC 15050 (3).

DNA sequence (674 base pairs) (3). Although 25 of 27 amino
acid residues of the N-terminal hydrophobic regions of K.
aerogenes and K. pneumoniae are identical, parts of the
N-terminal region of predicted mature proteins of K. pneu-
moniae were deleted (Fig. 3). Thus, at least the deleted parts
of the N-terminal region of the mature enzyme of K. aero-
genes were not necessary for the enzyme activity.
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