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To examine whether bacterial RNases H2 have a substrate binding domain, which is different from
hybrid-binding domain (HBD) of RNase H1 and TATA-box binding protein (TBP)-like domain of RNase H3, the
amino acid sequences of various RNases H2 were compared with one another. HBD and TBP-like domain have
been shown to be important for substrate binding, activity and/or stability of RNase H1 and RNH3 respectively.
None is known for substrate binding domain of RNases H2. In this study, only the bacterial RNase H2 sequences
were compared, because eukaryotic RNases H2 are heterotrimeric and their catalytic subunits require other two
subunits for activity. The result indicates that some bacterial RNases H2 have an N- or C-extension, which shows
little amino acid sequence similarity to HBD or TBP-like domain, suggesting that these extensions are folded into
a unique structure. N-extensions of bacterial RNases H2 show significant amino acid sequence similarities with
one another (at least 20%), suggesting that they share a similar structure. In contrast, C-extensions of bacterial
RNases H2 vary in size and amino acid sequences, suggesting that they have various structures. None of the
crystal structures of N-extensions has been determined. In contrast, the crystal structure of C-extension of
Thermotoga maritima RNase H2 (TmaRNH2) has been determined as that of TmaRNH2-substrate complex.
According to this structure, C-extension is present as a part of the C-terminal domain, is folded into a hairpin
helix structure (TmaHH), and does not directly contact the substrate. In this study, Bacillus stearothermophilus
RNase H2 (BstRNH2), T. maritima RNase H2 (TmaRNH2), and Aquifex aeolicus RNase H2 (AaeRNH2) were
chosen as representatives of bacterial RNases H2 containing N-extension, C-extension, and neither extension
respectively, and characterized. AaeRNH2 was as active as and more stable than other two enzymes, suggesting
that it does not require an additional domain for activity and stability. To analyze the role of N- and C-extensions,
BstRNH2 lacking N-extension (BstRNH2AN) and TmaRNH2 lacking C-extension (TmaRNH2AC) were
constructed and characterized. These proteins exhibited decreased activities and substrate binding affinities as
compared to those of their intact partners. The far-UV CD spectra of these proteins were similar to those of their
intact partners, suggesting that the removal of these extensions does not significantly alter their protein
structure. Because C-extension of TmaRNH2 does not contact the substrate and is present as a part of the
C-terminal domain, this extension is probably required to make the conformation of the C-terminal domain
functional. N-extension of BstRNH2 probably exists as a domain with unique structure (N-terminal domain,
BstNTD) and functions as a substrate binding domain. In addition, when BstNTD was attached to the N-terminus
of TmaRNH2AC, BstNTD partly restored its activity. This result supports the hypothesis that BstNTD functions
as a potent substrate binding domain. To examine whether the attachment of a substrate binding domain of
bacterial RNases H to the N-terminus of RNHHIV restores its activity, N-extension of BstRNH2 and HBD of T.
maritima RNase H1 (TmaRNH1) were attached to the N-terminus of RNHHIV, We did not construct the fusion
protein, in which TBP-like domain is attached to the N-terminus of RNHHIV, because TBP-like domain binds to
substrate in a similar manner to that of HBD. TmaHBD-RNHHY and BstNTD-RNHHLV greatly increased the
activity and substrate binding affinity of the isolated RNase H domain of HIV-1 reverse transcriptase (RNHHIV)
when they were attached to the N-terminus of RNHHIV, RNHHIV ig nearly inactive and binds to substrate very
weakly. The attachments of TmaHBD and BstNTD increased the Mn2*-dependent activity of RNHHIV by 500- and
13-fold respectively. They also increased the substrate binding affinity of RNHHIV, These results suggest that
N-extensions of bacterial RNases H2 function as a substrate binding domain, and substrate binding domains of
RNases H can be used as a tag for binding of heterologous proteins to RNA/DNA hybrid.
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AFMSCIE, B HI K RNase H1 & RNase H2 0 N KGR C RIGICIFET D R AL » OFENDONTHFERELIZ LD TH
V. UTFIRT LIS, Fi, R 2 B, BLORE» OB SN TS, F—F (Fi) TiE, RNaseH 05, £
FRRERE, A AREEHHE 2 LI 5 ZHE TOMEE £ & 5 &, MIEHK RNase H1 @ N KI#IZF4E$ 5 Hybrid
binding domain (HBD) <CHfEHi>% RNase H3 0 N KUl fF/ES % TATA-box binding protein-like domain (TBP-like
domain) OFIE & HAEICE L CINE TITON TEMEOE RICAlnN, RFFKOHMEBREFBRNTND, F 8
TlX, k% 7B K RNase H2 7 X BBRESI A9 5 Z LI KV | RNase H2 (X, Bacillus stearothermophilus
i3k RNase H2 (Bst-RNH2) 7¢ & N REmlZfifRfEE (N-extension) ZHT 54D, Thermotoga maritima 3 RNase H2

(Tma-RNH2) 72 & C KimlZfEaE (C-extension) #HT 25 H D, Aquifex aeolicus HI RNase H2 (Aae-RNH2) &
£ 912 N-extension & C-extension bFHERNE D, D IFIATHAIND Z L EH LT LTS, F72, Bst-RNH2
? N-extension RIZEFIRR Tma—RNH2 D C-extension RIEZLMIRAMEE L, BERIEME, BERORE. LM Z M
% Z LTk v, Bst-RNH2 @ N-extension & Tma—RNH2 0> C-extension (% Mn*{FAE T 361) B BERTEMECTLE O GIWr(7
BB EE TRV, Mg 171E NICk T DBERIR M, RERG . ZEMCIIEZETH L Z L 2H 6 M LTV D,
S HIZ, Aae-RNH2 23 @V iEMERS L OMEWEZ R4 2 & 025, 37T RNase H2 7% N-extension X C-extension & {&fE
RZEMICHEL T LD TIERNT EEZREL TN D, #=F TIL, Bst-RNH21 @ N-extension (BstNID) = 7.
maritima 3% RNase H1 (TmaRNH1) ¢ HBD (TmalBD) % HIV-1 i85 BEEEFE D RNase H K A A > N KAt 5 Lzt é
Z Ry BRI, BERIEN, ERAE, ZEMEMITT 5 2 LICk Y HIV-1 iR 5 R D RNase H KA A 1%
DNA RY AT —F RAAL DB EES D & FBEREAREZ RV, EMEZ KD 2 & BstNID X TmallBD % & DEHIZ
59252 Eilck by, EEEKARBEE L, ¥ 77 E FICBIT BRIEEDRES M ET L2 2B LI LTINS,
F7-. INDHOFEFICIE-SE | BstNTD X TmaHBD 78 hybrid binding tag & LCHJHTE D Z EZMEL TS, F
T O(KFE) Tik. AAFZETHE S N7 fEFICTE-D & RNase H2 @ N-extension =0 C-extension OBE|, & 52Tk~ 2tk
BHEA RAA ORI X % RNase H DS FEEEMEICOWTEET L L L HIC, SBROBEZEICHOWTIRRTNS,

PALED LS 12, AFHCIT RNase H2 0 N KR C RIGICAAET 2 MR IR OLENC R U TS AW AR 22 8L D ET
TR % RNE LT R TRBR, Lo TR LG E LTlifEdH 5 D LD 5,




