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Abstract

The peptidyl prolyl cis-trans isomerase (PPlase, EC 5.2.1.8) from Bacillus stearothermophilus was extracted
from the cells treated with by lysozyme. PPlase was purified from the cell extracts by heat treatment, ammonium
sulfate precipitation, ion exchange chromatography and finally gel filtration, sodium dodecyl sulfate polyacrylamide
gel electrophoresis(SDS-PAGE). The molecular weight of the purified PPlase was estimated as 18kDa by
SDS-PAGE. The 39 amino acid residues from the N-terminus were determined by the protein sequencer. The
enzyme showed the optimum pH at 8.0 and was stable at the range of pH 7.0~8.0. The enzyme was considerably
stable after heat treatment at 60°C for 30minutes, and the enzyme was quite stable up to 65C. The presence
of the PPlase in the refolding solution accelerated the isomerization rate of the assay peptide.

PPlase gene of Bacillus stearothermophilus was screened from a genomic library by plaque hybridization using
the A-1 primer as a probe. A PPlase positive plaque contained a 3.0kb insert of the chromosomal DNA. A 3.0kb
fragment was subcloned into pUC18, resulting pPI-40. A DNA fragment encoding the N-terminal portion of the
PPlase in pPI-40 was amplified by polymerase chain reaction(PCR) method using the A-1 and B-2 primers.

The amplified fragment was cloned into the Sma I site of pUC18 and recombinant plasmid was designated
as pSN-18. The nucleotide sequence of 167bp fragment was determined. The deduced amino acid sequence of
PPlase was completely matched with the determined N-terminal amino acid sequence of PPlase B.
stearothermophilus.
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4. SDS-PAGE

ol 7195 Laemmlio] H7 o2 diglon,
SDS-PAGE:= G g o) #2443 3l AA| dijde) £
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Fig. 1. SDS-PAGE of PPlase from B. stearo-
thermophilus. Lane M, molecular weight standards;
lane 1, sample (2 ;. g) filtration(FPLC). Molecular weight
markers from top to bottom; rabbit muscle phosphorylase
(94 kDa), bovine serum albumin(67kDa), egg white
ovalbumin (43kDa), bovine carbonic anhydrase(30kDa),
soy bean trypsin inhibitor(20kDa), tysozym(14.3kDa).
Protein bands were stained with silver stain.
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S A =2 (10mM Tris-HC, pH 7. S)QE &35
o, Y &gz BN 18ln £EA Alee
DEAE-Sepharose CL-6BZ 3 A 3+ &, &4 %ﬂ‘@]—% EF
S}e] Sephadex G-75, Superose TM-12 (FPLC)EZ A-of
2 HA S THTable. 1). o] FFo)A £29 &
24 23S SDS-PAGER &1gF A7} 2212 18kDa
F2o] v W= PAH PPlasert 7 &5 A thFig.
1.

r4

> d
Mo ¢
;gu
'ggr
()

=

BE.A_.

2. PPlase®| pH EA 3! orx

A B fhol BAlEE SDS-PAGE Wil u}
21 18kDao]QiTh. o] & 71AS HrlslRl &a
Z4zte]l oA 3087 AEldt &, 10T SHS
S48ttt 18la gl #ste] =Ake A
60°Coll A 100% A, 65T A 50% o] 4Fe] BAg 8 7+
T WEl 54 Assli(Fig 2). B9 & E4
= pH 7.5~8.09) W9jo] ki Jelg fAstgo
™, 2] pHi= 8.00] L THFig. 3). T18] 3L AFA) Zo] A
Ao EAEAEE YEPA] 982 Bo] 5Ro= e
st

ﬂl

=

B. stearothermophilus Peptidyl Prolyl cis-trans Isomerase2] A 2 -2 4 107

125
- 100
X
<
2
g 75
2
(%]
©
S %
2
=
&
25
0
4 5 6 7 8 9 10 11

pH

Fig. 2. Effect of pH on the enzyme activity. The
reaction mixture (500 ul), consisting of 200 il of 60
mM potassium phosphate buffer(pH 5.5~7.5) and
60mM Tris HCI1 buffer(pH 7.0~9.0), 300 x| of the
enzyme solution(200nM), was incubated at variour pHs
at 37 for 30min and the residual activity was
assayed. The highest activity is denoted at 100 %.
Symbols; [ ], pH 4.0~5.5; A, pH 5.5~7.5; O, pH
7.0~9.0
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Fig. 3. Effect of temperature on PPlase stability.
The reaction mixture (500 pl), consisting of 400 yI
50mM Tris HCI buffer(pH 8.0) and 100 xl of the
enzyme solution, was incubated at various tempera-
ture for 30min and the remaing activity were assayed
with pNA as a substrate. The highest activity is
denoted at 100%.
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Fig. 4. The catalytic effect of PPlase on slow
protein folding of RNase T1. The refolding of
RNase T1 in the absence(A) and 200nM presence
(®) of PPlase. Refolding conditions were performed
by a 40-fold dilution of unfolded protein(RNase T1).
The refolding of RNase T1 was monitored by the
increase in spectrophotometer at 320nm.
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N-T o]t 39 2712 Al 43§ N-
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Leu-Met-Glu-Asn-Gly-Gly-Lys-Ile-Glu-Phe-Glu-Leu-
Phe-Pro-Asn-Glu-Ala-Pro-Val-Thr-Val-Ala-Asn-Phe-Glu-
Lys-Leu-Ala-Asn-Glu-Gly-Phe-Tyr.
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PPlase (periplasm: PPI a, cytoplasm: PPI b) o}w] =4k vl
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Fig. 5. Southern hybridization of phages clones
digested with Hind III. (A) Agarose gel eletropho-
resis. (B) Southern hybridized pattern from pannel
A. Lane M, A DNA digested with Hind 1II; lanes
1~7 the phage DNA prepared from positive clones.

————lly
H S NrBa Ks Ea B H
pUC19
—
1kb
PPlase activity

pPI1-40 ] +
PPL-50 L +
pPI-60 — —
pPI-70  m— _—

Fig. 6. Restraction edonuclease cleavage map of
plasmid pPI-40 and its derivatives and the activity
of PPlase production. The black region indicaties
the DNA from B. stearothermophilus. Abbreviations
used are as follows; B, Bam HI; H, Hind 111; S, Sma
I; Nr, Nar 1; Br, Bal 1 ; Ks, Kas I; Ea, Rag I; +
and - indicate PPlase activity in cell free extract of
E. coli harboring the plasmid. The arrow indicates

the coding region of the PPlase gene.

YT AMA DNAS Sau 3AIC.E FE §3) s,
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2RE A3 LeluFIy ceto|=(Pp2 FAG
DNA)E Al-&35}ed, plague hybridization © 2 PPlase-f-%
AHE ~AH3H T

o] Az}, HFHoE FHEI YA plaqueEFE
DNAS AAst, ASELE Hind E B3 &,
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Fig. 7. Construction of the recombinant plsmid
PSN-18. DNA fragment(167 bp) encoding the N-
terminal portion of the PPlase gene was amplified by
PCR(primers; A-1, B-2). The amplified fragment
was cloned into the Sma 1 site of pUC 18 and the
recombinant plasmid was designated as pSN-18.
Lane M, molecular weight markers are ladder DNA;
lane 1,2(pSN-18). Agarose electrophoresis: for each
sample, Sul from a total 50 yl reaction was run on
a 1.50% agarose gel at 75V for 1 hours. The minigel
was then stained in ethidium bromide (0.5 zzg/ml),
and DNA was visualized under UV.

A-l

1 EAAAGAAGGGTACATCCITATG GAA AAT GGC GGA AAG ATT GAATTT

1 Lys Glu Gly Tyr lie Leu Met Glu Asn Gly Gly Lys lie Glu Pbe

48 GACCTGTTTCCA AAT GAG GCG CCG GTG ACG GTG GCC AACTTT GAA AAA
16 Glu Leu Phe Pro Asa Glu Ala Pro Val Thr Val Ala Aso Phe Glu Lys

92 TAAGCG AAC GAA GGG TTT TAT AAT GGA CTG ACG I EiCCACCGGGI'CA’I'[
32 Leu Ala Asn Glu Gly Phe Try Asn Gly. Leu Thr Phe His Arg Val Ile

B-2
44  CCAGGGTTC ATG ATA CAG GGA GGA]
48  Pro Gly Phe Met lle Glz Gly Gly

Fig. 8. DNA sequence of the gene encoding
PPlase from B. stearothermophilus. The deduced
amino acid sequence is denoted below the nucleotide
sequence in the standard. The N-terminal amino acid
sequence of the PPlase determined by Edman degra-
dation is underlined. Primers A-1 and B-2 indicate
PCR primers used for the amplification of the N-termi-

nal gene.

Southern ¥-) A3}, F 3.0kb, 7.0kbol| A Blo] H.g]r}o]
=3 W= 8 HE3GuiFig 5). 283, °F 3.0kbolA]
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dE A4kt F7E Y] A R 2R E A
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