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The gene encoding ribonuclease HI1 from Bacillus stearothermophilus was cloned and ex- 
pressed in Escherichia coli. The overproduced protein, Bst-RNase HH, was purified and biochem- 
ically characterized. Bst-RNase HII, which consists of 259 amino acid residues, showed the high- 
est amino acid sequence identity (50.2%) to Bacilfus subtifis RNase HII. Like B. subtiiis RNase 
HH, it exhibited Mn*‘-dependent RNase H activity. It was, however, more thermostable than B. 
subtilis RNase HH. When the Bst-RNase HI1 amino acid sequence is compared with that of Ther- 
mococcus kodakaraensis RNase HII, to which it shows 29.8% identity, 30 residues are observed to 
be truncated from the C-terminus and there is an extension of 71 residues at the N-terminus. The 
C-terminal truncation results in the loss of the a9 helix, which is rich in basic amino acid residues 
and is therefore important for substrate binding. A truncated protein, A59-Bst-RNase HII, in 
which most of the N-terminal extension was removed, completely lost its RNase H activity. Sur- 
face plasmon resonance analysis indicated that this truncated protein did not bind to the sub- 
strate. These results suggest that the N-terminal extension of Bst-RNase HI1 is important for sub- 
strate binding. Because B. subtilis RNase HII has an N-terminal extension of the same length and 
these extensions contain a region in which basic amino acid residues are clustered, the Bacillus en- 
zymes may represent a novel type of RNase H which possesses a substrate-binding domain at the 
N-terminus. 
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Ribonuclease H (RNase H) cleaves the P-03’ bond of the 
RNA portion of DNA/RNA hybrids (1). The enzyme, which 
is universally present in diverse organisms, is thought to be 
involved in the removal of RNA primers from Okazaki 
fragments and of R-loops associated with transcription, but 
its physiological functions are not yet fully understood (2). 
Based on differences in their amino acid sequences, RNases 
H are classified into two major families, Type 1 and Type 2 
(3, 4). The Type 1 enzymes can be further divided into bac- 
terial RNases HI, eukaryotic RNases HI, and the RNase H 
domains of reverse transcriptases, among which Escheri- 
chiu coli RNase HI (5, 6) and the RNase H domain of HIV- 
1 reverse transcriptase (7) have been most extensively stud- 
ied in terms of their structures and functions. The Type 2 
enzymes can be tirther divided into bacterial RNases HII 
and HIII, eukaryotic RNases H2, and archaeal RNases HII, 
among which the crystal structures of some archaeal 
RNases HI1 have thus far been determined (8-10). Because 
these structures highly resemble one another, we selected 
and studied the RNase HI1 from Thermococcus kodukara- 
ensis as a representative of the archaeal RNases HII. De- 
spite having poor amino acid sequence similarity, 7: kodu- 
karuensis RNase HI1 (8) and E. coli RNase HI (11, 12) 
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share a main chain fold consisting of a five-stranded P-sheet 
and two a-helices. Also, the geometrical arrangement of the 
four acidic active-site residues (Asp7, Glu8, AsplO5, and 
Asp135 for 7: kodukuruensis RNase HII; AsplO, Glu48, 
Asp70 and Asp134 for E. coli RNase HI) is similar in these 
two proteins. These findings strongly suggest that the Type 
1 and Type 2 enzymes share a common catalytic mecha- 
nism. According to a general acid-base mechanism pro- 
posed for E. coli RNase HI (5), one divalent metal cation is 
required for activity and the hydroxyl ion, which attacks the 
phosphate group for the RNA cleavage, is activated by an 
amino acid residue. 

Because of similarities in their amino acid sequences and 
biochemical properties, bacterial and archaeal RNases HI1 
are envisaged to share a common three-dimensional struc- 
ture (13). However, RNases HII from mesophilic bacteria 
have relatively long N-terminal extensions as compared to 
their archaeal counterparts (4). For example, the N-terminal 
of Bacillus subtilis RNase HII, which has the longest known 
extension, is extended by 71 residues as compared to 7: 
kodukuruensis RNase HII. In contrast, RNases HI1 from 
thermophilic bacteria, such as Aquifex ueolicus and Ther- 
motoga maritima, do not have such long extensions. These 
findings may indicate that the absence of a large N-terminal 
extension is related to the functional adaptation of RNase 
HI1 enzymes to a thermophilic environment. Hence, it will 
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be informative to examine whether RNases HII from ther- 
mophilic Bacillus strains have an N-terminal extension sim- 
ilar in length to that of B. mhtifis RNase HII. 

Bacillus stearothermophilus is a thermophilic Bacillus 

strain that grows optimally at 60°C. In the work reported 
here, we cloned the gene from this strain that encodes 
RNase HII, expressed it in E. cd’, and purified and bio- 
chemically characterized the overproduced protein (Bst- 

RNase HII). We found that Bst-RNase HII contains an N- 
terminal extension similar to that of B. suhtilis RNase HII. 
Construction and examination of a truncated protein with 
most of this N-terminal extension removed, followed by 
biochemical characterization, suggest that the N-terminal 
extension is important for substrate binding. 

MATERIALS AND METHODS 

Cells and plasmids B. stearothermophill~ls CU2 I was previ- 
ously isolated (14). The rnhA mutant strain E. coli MIC3009 [F-, 

supE44, supF58, lacYI or A(laclZy)ti, trpRS5, galK2. galT22, 
metB1, /&RI4(r,-m,), rnhA339::cat] (15) was kindly donated 
by M. Itaya. Competent cells of/Z. co/i HB 101 [F , hsdS20(r,-m, ), 
recA13, aru-13, proA2, lacYI, galK2, rpsLZO(Sm’), x$-S, d-1. 
supE44, h-1 and the plasmid pUC I8 were obtained from Takara 

Shuzo (Kyoto). The plasmid pJLA503 was constructed by 

Schauder et al. (16). E. coli transformants were grown in Luria- 

Bertani medium containing 0. I g/l ampicillin. 
Gene cloning The genomic DNA of B. stetrrorllermophillus 

CU2 I was prepared as previously described (I 7) and used as a 

template to amplify a part of the gene (Bst-mhB) encoding Bst- 
RNase HII by PCR. The sequences of the PCR primers were 5’- 
GACGAGGTCGGCCGGGGGCC-3’ for the 5’-primer and 5’- 

CGGTCCCTCGTCACTTTTGC-3’ for the 3’-primer. PCR was 

performed with the GeneAmp PCR System 2400 (Perkin-Elmer, 

Tokyo) using a KOD polymerase (Toyobo, Kyoto) according to the 
procedures recommended by the supplier. The amplified DNA 

fragment was used as a probe for Southern blotting and colony hy- 
bridization to clone the entire Bst-r&B gene. These procedures 

were carried out using the AlkPhos Direct system (Amersham 

Pharmacia Biotech, Tokyo) as recommended by the supplier. The 

DNA sequence was determined by a Prism 310 DNA sequencer 

( Perkin-Elmer). 
Plasmid construction The cloned B.st-mhB gene was ampli- 

fied by PCR performed twice using a 5’-primer (5’-AGGGAGAG 

ACATATGAAGGAGTA-CACG-3’), 3’-primer (5’-GCGGTCGAC 
TGTCCGCTTGACTGCCTGCA-3’), 5’-mutagenic primer (5’-CC 

CCGCCACATGGGTTAC-3’), and 3’-mutagenic primer (5’-GTAA 

CCCATGTGGCGGGC-3’) as described previously for the con- 
struction of mutant E. coli RNase HI proteins (I 8). In the above 

sequences, underlined bases show the positions of the NdrI (5’- 

primer) and SalI (3’-primer) sites. The 5’-mutagenic primer, which 

is complementary to the 3’-mutagenic primer, was designed to si- 
lently eliminate the ,vdeI site encompassing the sequences coding 

for His’?‘-Met’?“. After digestion by Ndel and SalI, the PCR frag- 

ment was ligated into the !vdel-Sail sites of plasmid pJLA503 to 

generate plasmid pJALSOOST, in which the transcription of the 

Bsr-mhB gene is controlled by the bacteriophage iL P, and P, pro- 
moters. 

The truncated Bst-rnhB gene, encoding A59-Bst-RNase HI1 in 
which 59 N-terminal residues are removed, was constructed by 

PCR using a 5’-primer (5’-GTTGGGAGGAGCATATGCGCTATG 
AGCGTG-3’: the underlined bases show the position of the Aide1 
site) and the 3’-primer mentioned above. Plasmid pJAL8OOST was 
used as a template. After digestion by Ndel and S~rfl. the PCR frag- 

ment was ligated into the Mel-Sal1 sites of plasmid JLA503 to 

generate plasmid pJAL680ST. 

Overproduction and purification Overproducing strains were 

constructed by transforming E. coli MIC3009 with pJAL800ST or 

pJAL680ST. Overproduction was achieved by shifting the cultiva- 

tion temperature from 30°C to 42°C in the logarithmic growth 

phase, as described previously for E. coli RNase HI (19). Cells 

were then harvested by centrifugation at 5000 xg for IO min and 

purified as follows. 

Bst-RNase HI1 and A59-Bst-RNase HII were purified from E. 

coli MIC3009 cells transformed with pJAL800ST and pJAL680ST, 

respectively. by identical procedures, which were all carried out at 

4°C. Cells were suspended in IO mM Tris-HCI (pH 7.5) containing 

I mM EDTA (TE-buffer), disrupted by sonication with a sonifier 

(model 450; Branson Ultrasonic, Danbury, CT, USA), and centri- 

fuged at 30,OOOxg for 30 min. The supernatant was pooled and 

fractionated with ammonium sulfate precipitation. The precipitates 

obtained at 30-60% saturation of ammonium sulfate were col- 
lected by centrifugation at 10,OOOxg for 20 min and dissolved in 

TE-buffer. The resultant solution was dialyzed against the same 

buffer and applied to a column of Hitrap Q (Amersham Pharmacia 

Biotech, Piscataway, NJ, USA) equilibrated with the same buffer. 

The pass-through fraction was applied to a column of Hitrap hep- 

arin (Amersham Pharmacia Biotech) equilibrated with the same 

buffer. The enzyme was eluted from the coiumn at an NaCl con- 

centration of 0.3 M by linearly increasing the NaCl concentration 

from 0 to 0.5 M. The fractions containing the enzyme were com- 

bined and used for further analyses. The purity of the enzyme was 

analyzed by SDS-PAGE on a 12% polyacrylamide gel (20), fol- 
lowed by staining with Coomassie brilliant blue R250. 

Biochemical characterization The molecular mass of the 

protein was estimated by gel filtration chromatography using a col- 

umn (I .6x 60 cm) of Superdex 200 (Amersham Pharmacia Bio- 

tech) equilibrated with IO mM Tris-HCI (pH 7.5) containing 150 

mM NaCI. Bovine serum albumin (67 kDa), ovalbumin (43 kDa), 

chymotrypsinogen A (25 kDa), and RNase A (I 3.7 kDa) were used 

as standard proteins, 

The far-UV CD spectra were measured at 30°C in 50 mM Tris- 

HCI (pH 8.0) on an automatic spectropolarimeter (5725; Japan 
Spectroscopic, Tokyo). The protein concentration was -0. I mg/ml 

and a cell with an optical path of2 mm was used. The mean resi- 

due ellipticity, 8 (deg cm2 dmoll’). was calculated using an average 

amino acid molecular mass of I IO Da. 

Enzymatic activity The RNase H activity was determined at 

30°C for I5 min in IO mM Tris-HCI (pH 8.0) containing 10 mM 

MnCI,, 50 mM NaCI, 1 mM 2-mercaptoethanol, and 10 ug/ml bo- 

vine serum albumin, by measuring the radioactivity of the acid- 
soluble digestion product from the substrate, a ‘H-labeled Ml3 

DNA/RNA hybrid, as previously described (2 I ). One unit was de- 

fined as the amount of enzyme producing 1 nmol of acid-soluble 

material per min at 30°C. The specific activity was defined as the 

enzymatic activity per mg of protein. The protein concentration 

was determined from the UV absorption with AZ801) “’ values of 

0.91 for Bst-RNase HII and 0.66 for A59-Bst-RNase HII. These 
values were calculated by using E values of 1576 M-’ cm -I for Tyr 

and 5225 Mm’ cm-’ for Trp at 280 nm (22). 

Binding analysis Interaction between the protein and sub- 

strate was analyzed with a BIAcore instrument (Biacore, Tokyo) 
using a sensor chip on which a 36-bp DNA/RNA hybrid was 

immobilized, as described previously (23). The sensorgrams were 
analyzed using BlAevalution software (Biacore) to estimate the as- 
sociation constant K,. 

3D modeling The amino acid sequences of Bst-RNase HI1 
and 7: kodakaraensis RNase HI1 were aligned based on the sec- 

ondary structures of Bsr-RNase HII predicted by the EMBL Pre- 
dictprotein server. This alignment and the coordinates from the 
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crystal structure of the 7: kodakavaensis RNase Hll were used to 
build a 3D model of Bst-RNase HI1 by satisfying spatial restraints 
(24-28) using the Modeller-4 program. Energy minimization and 
simulated annealing were carried out with the CNSsolve package 
version 1 .O (29). The stereochemistry and geometry of the model 
at all stages of refinement were checked using the PROCHECK 
program (30). 

RESULTS AND DISCUSSION 

Cloning of the Bst-rnhB gene When the amino acid 
sequences of various bacterial RNases HII are compared, 
the sequences DEVGRGP and AKVTRDR, which respec- 
tively correspond to Asp78-ProRJ and Ala’OO-Arg’oh of B. sub- 
tifis RNase HII, are observed to be highly conserved (4). On 
the assumption that the nucleotide sequence of the B. sub- 
filis RNase HII gene is conserved in the Bst-mhB gene in 
the regions where the amino acid sequences are conserved, 
DNA oligomers with the sequences encoding Asp’*-Pro8” 
and Ala”“‘-Arg’“h of B. subtilis RNase HI1 were synthesized 
and used to amplify a part of the Bst-rnhB gene. PCR using 
the genomic DNA of B. sfearothermophilus CU2 1 as a tem- 
plate produced only a 386-bp DNA fragment encoding a 
part of the Bsf-RNase HI1 sequence. Southern blotting and 
colony hybridization using this DNA fragment as a probe 
indicated that a 2.0-kb BamHI fragment of the CU21 ge- 
nome contains the entire Bst-mhB gene (data not shown). 
Determination of the nucleotide sequence of the Bst-rnhB 
gene revealed that Bst-RNase HI1 is composed of 259 
amino acid residues with a calculated molecular mass of 
28,892 Da and an isoelectric point of 8.6. A potential Shine- 
Dalgarno (SD) sequence (5’-GGAG-3’), which is comple- 
mentary to the 3’-terminal sequence of 16s rRNA from 
CU2 1, is located six nucleotides upstream of the initiation 
codon for translation. The nucleotide sequence of the Bst- 
rnhB gene has been deposited in DDBJ with accession num- 
ber AB073670. 

Comparison of amino acid sequences The amino acid 
sequence of Bst-RNase HI1 deduced from the nucleotide 
sequence showed the highest identity (50.2%) to B. subtilis 
RNase HII. In Fig. 1, these sequences, as well as the amino 
acid sequences of RNases HI1 from A4ethanococcusjannav 
chii and T. kodakaraensis, for which the crystallographic 
structures are available, are aligned based on the elements 
of their secondary structures. Both Bst-RNase HI1 and B. 
subtilis RNase HI1 have a 7 1 -residue extension at the N-ter- 
minus, as compared to the sequences of M. jannuschii and 
7: kodakaraensis RNases HII. Without this N-terminal ex- 
tension, Bsr-RNase HI1 would have amino acid sequence 
identities of 26.0% to A4. jannaschii RNase HI1 and 29.8% 
to 7: kodukaruensis RNase HII. The four acidic amino acid 
residues involved in divalent cation binding and catalytic 
function, which are fully conserved in the various RNase 
HI1 sequences, are also conserved in the Bst-RNase HI1 
sequence. These residues are Asp78, Glu79, Aspl70, and 
Asp187. In addition, several conserved sequence motifs, 
such as GRGP and DSK, are conserved in the Bst-RNase 
HII sequence. These features suggest that Bst-RNase HI1 
resembles other RNases HI1 both structurally and function- 
ally. 

Biochemical properties of recombinant Bst-RNase HII 
Upon induction, Bst-RNase HI1 accumulated in E. coli cells 
in a soluble form. Its production level was roughly 5 mgll 
culture. The protein was purified to give a single band on 
SDS-PAGE with a yield of -20% (data not shown). The mo- 
lecular mass of the protein was estimated to be 31 kDa by 
both SDS-PAGE and gel filtration column chromatography, 
which is comparable to the calculated value. These results 
strongly suggest that like B. subtilis (3) and 7: kodakaraen- 
sis (31) RNases HII, Bst-RNase HI1 exists in a monomeric 
form. 

Bsr-RNase HII requires a divalent metal cation for activ- 
ity. Like B. subtilis (3) and E. coli (32) RNases HII, it pre- 
fers Mn’+ to Mg’+, and shows the highest RNase H activity 
at pH 8 in the presence of 10 mM MnCl, and 50 mM NaCl. 
The temperature dependence of the Bst-RNase HI1 activity 
was not analyzed because the substrate is unstable at high 
temperatures. The specific activity of Bst-RNase HI1 was 
determined to be 20+4 unitsimg at 30°C (average of val- 
ues obtained from two independent experiments), which is 
25- and 15-fold lower than those of B. subtilis and E. coli 
RNases HIl, respectively. 

When Bst-RNase HI1 and B. subtilis RNase HI1 (0.1 
mg/ml) were incubated at various temperatures for 10 min 
in 10 mM Tris-HCl (pH 7.5) containing 1 mM EDTA, 0.1 M 
NaCl, and 10% glycerol and the residual activities were de- 
termined at 3O”C, Bsf-RNase HI1 and B. szrbtilis RNase HI1 
lost half their activity at incubation temperatures of -60°C 
and -40°C respectively. These results suggest that the ther- 
mostability of Bst-RNase HI1 is higher than that of B. sub- 
tilis RNase HII. Thus, an absence of long N-terminal exten- 
sions in the amino acid sequences of RNases HI1 from ther- 
mophilic sources seems to be unrelated to the adaptation of 
these enzymes to high temperatures. The factors that make 
Bst-RNase HI1 more stable than B. subtilis RNase HI1 re- 
main to be determined. 

Properties of A59-Bst-RNase HI1 By analyzing the 
biochemical properties of truncated proteins of T kodakaru- 
ensis RNase HI1 in which 15, 21, 25, and 30 residues were 
removed from the C-terminus, it has previously been shown 
that the ct9 helix of this enzyme is important for substrate 
binding (8). Because this helix is rich in basic amino acid 
residues, it may bind to the negatively charged DNA/RNA 
substrate through electrostatic interaction. However, Bsf- 
RNase HI1 lacks most of the amino acid residues that form 
this helix. The question thus arises as to whether Bst-RNase 
HI1 possesses an alternative substrate binding domain. Be- 
cause basic amino acid residues are clustered at positions 
41-55 within the N-terminal extension of Bst-RNase HII, it 
was thought that this extension may function as a substrate 
binding domain in this protein. To verify whether this is the 
case, the truncated protein A59-Bst-RNase HII, in which 59 
N-terminal residues were removed, was constructed and its 
biochemical properties were analyzed. This truncated pro- 
tein was overproduced in E. coli cells and purified to give a 
single band on SDS-PAGE, as was the intact protein. The 
truncated and intact proteins gave almost identical far-UV 
CD spectra (data not shown), suggesting that the protein 
conformation was not seriously changed upon N-terminal 
truncation. Nevertheless, A59-Bsf-RNase HI1 completely lost 
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Bst 1 MKEYTVKEIE ALLPELGGED DPRWEMLRRD ERKSVQALLA RFVKQKEREK 

BSU 1 MNTLTVKDIK DRLQEVKDAQ DPFIAQCEND PRKSVQTLVE QWLKKQAKEK 

Bst 61 

Bsu 61 

Mja 1 

Tko 1 

Bst 117 

Bsu 117 

Mja 50 

Tko 5c 

Bst 166 

Bsu 166 

Mja 108 

Tko 101 

Bst 206 

Bsu 206 

Mja 168 

Tko 154 

Mja 223 KQTKLIIE (230) 

Tko 209 ESEKKAEERQ ATLDRYFRKV (228) 
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DENS LPKLEE VR 

a2 B3 a3 a4 

EKLNIRDDEI 
VKI--____I 

a5 

RRYGITPEHR RSFAP EAA GVEN (259) 

PMYGFEKNK AAYGPTELHR KTFAP 

EIIDYYKKI G----DIGS PSDPKTIKF LEDYFKKHKK LPD-IARTHW KTCKRILDKS 

PSDPRTRiF LENYYREHGE FPP-I#RKGW KTLKKIAEKV 

a8 a9 

I’I(i. I. Alignment of amino acid sequences of KNases HII. The amino acid sequence of Bst-RNase HII (Bst) is compared with those of 
KNases HII rrom B. .whri/i.s (Bsu) (genomc data bank entr!: Bsu: rnh). M. jtrnrwsclrii (Mja) (GenBank, 1767470) and 7: kodukuruerz.si.s KODI 
(Tko) (DDBJ, AB012613). Gaps arc denoted by dashes. Amino acid residues conscwed in at least three different enzymes are shown by whim let- 
ters on a black background. The four acidic catalytic residues arc marked bq black circles. Numbers indicate the positions of the amino acid resi- 
dues. which start from the initiator methioninc for each enzyme. The ranges ofthe nine a-helices and tive P-strands of 7: kodukuruensis (8) and M. 
jonntrwhii (9) RNases HI1 arc shown belo\% the sequences. The position at which the N-terminal extension is truncated to create A59-B.+RNase 
HI1 is indicated by a black inverted triangle. 

its RNase H activity. important for substrate binding. 
To examine whether N-terminal truncation seriously Substrate binding domain 7: kodakavaensis RNase 

affects substrate-binding affinity, interaction between the HII and E. co/i RNase HI share a main chain fold termed 
protein and substrate was analyzed using surface plasmon the “RNase H fold” (8). This fold is conserved in all mem- 
resonance. The sensorgrams obtained for the interaction be- bers of nucleotidyltransferase superfamilies (33). However, 
tween the intact protein and the substrate are shown in Fig. these two enzymes differ in the location of the domain in- 
2A. The responses increased with increasing protein con- volved in substrate binding. In 7: kodakaraensis RNase HII, 
centration. From the plot of RU,,/C as a function of RU,, it occurs as an extra C-terminal domain (8) whereas in E. 
shown in Fig. 2B, the association constant K, was estimated coli RNase HI it is as an internal domain termed the “basic 
to be (2.15*0.43)x lo7 (mean+S.E., n=7). In contrast, the protrusion” (34). Our findings indicate that Bst-RNase HII 
sensorgrams for the interaction between the truncated pro- may represent a novel type of RNase H that differs from 7: 
tein and the substrate did not give such positive signals. The kodakavaensis RNase HII and E. co/i RNase HI in its sub- 
response did not increase beyond the background level at strate binding domain location. Because the N-terminal ex- 
any protein concentration examined, indicating that A59- tension of bacterial RNases HII differ greatly in length, it 
Bst-RNase HII does not bind to the substrate. These results remains to be determined whether other bacterial RNases 
suggest that the N-terminal extension of Bst-RNase HII is HII. including that of E. coli, also have a substrate binding 
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FIG. 2. BlAcore analysis of interaction between the protein and 
substrate. (A) Sensorgrams for the interaction between Bs&RNase HI1 
and the 36-bp DNA/RNA hybrid. The protein was dissolved in 10 mM 
Tris-HCI (pH 8.0) containing 50 mM NaCI, I mM EDTA, I mM 2- 
mercaptoethanol, and 0.005% Tween P20 at concentrations ranging 
from IO to 100 nM. The sample was injected at 25°C with a flow rate 
of 30 plimin onto the surface of the sensor chip on which the 36-bp 
DNA/RNA hybrid was immobilized. (B) Plot for determining the 
equilibrium association constant K, using equilibrium sensor re- 
sponses (RU,,). The RU,,/C values were plotted ~er.szcs the RU,, val- 
ues shown in (A). Linear transformation of the plot gives the associa- 
tion constant KA. 

domain at their N-termini. In contrast, none of the amino 
acid sequences of archaeal RNases HII so far available con- 
tain an N-terminal extension, suggesting that archaeal 
RNases HII possess a substrate binding domain at their C- 
termini. To understand the role of the N-terminal extensions 
of Bacillus RNases HII, it will be necessary to determine 
their crystal structures. 

3D modeling The fact that the amino acid sequence of 
Bst-RNase HI1 at the core region does not contain large 
insertions when compared to that of 7: kodakaraensis 
RNase HI1 (Fig. 1) allowed us to build a model of the three- 
dimensional structure of the Bst-RNase HI1 core region. 
Comparison of this 3D-model with the crystal structure of 
7: kodukuraensis RNase HI1 suggests that the Bst-RNase 
HI1 structure is similar to that of 7: kodakuruensis RNase 
HI1 (Fig. 3). The steric configurations of the four acidic cat- 
alytic residues are well conserved in the two structures. 
However, the former lacks the a5 helix and most of the a9 
helix. This difference reflects the large internal deletion and 
C-terminal truncation in the amino acid sequence of Bst- 

FIG. 3. Schematic depictions of 3D-model of Bsf-RNase HII (left) 
and crystal structure of T kodukaraen.si~ RNase HII (right). N and C 
represent the N- and C-termini of the proteins. The side chains of the 
four fully conserved acidic residues that have been shown to be re- 
quired for activity of 7: kodukaraensi.~ RNase HI1 (8), as well as those 
of the five basic residues, which are located in the a9-helix of T 
kodukaruensis RNase HI1 and envisaged to be involved in substrate 
binding (8), are indicated. The broken line represents the N-terminal 
extension of Bst-RNase HII. The positions of the a5 and a9 helices, 
which are absent or mostly absent in the Bsr-RNase HII structure, are 
indicated. The structures were drawn with Molscript and Raster3D. 

RNase HI1 (Fig. 1). 
According to the crystal structure of 7: kodakaruensis 

RNase HII, the a5 helix is located in the vicinity of a cata- 
lytic site and forms a hydrophobic core with a central p- 
sheet (Fig. 3). Because bacterial RNases HII prefer Mn’+ to 
Mg” for activity (13), whereas 7: kodakuraensis RNase HI1 
exhibits its activity almost equally in the presence of Mn2+ 
and Mg’+, this helix may be related to the metal ion prefer- 
ence of the enzyme. 

I. 

2. 

3. 

4. 

5. 

6. 
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