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Endonuclease (R) subunits of type-I and type-III restriction-modification
enzymes contain a helicase-like domain
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A statistically significant amino acid sequence similarity 1s demonstrated between the endonuclease (R) subumt of EcoK restriction-modification

(R-M) enzyme, and RNA and DNA helicases of the so-called ‘DEAD’ famuly It 1s further shown that all threc known sequences of R subunits

of type-1 and type-IT11 R-M enzymes contain the conserved amino acid sequence motifs typical of the previously described helicase superfamuly 11

[(1989) Nucleic Acids Res 17, 4713-4730] A hypothesis 1s proposed that these enzymes may exert helicase activity possibly required for local
unwinding of DNA 1n the clcavage sites

Amino acid comparnison, Scquence pattern, ATP-binding site Hehicase, Restrictase

1 INTRODUCTION

Type-1 and type-IIl restriction-modification (R-M)
cnzymes are three- or two-subunit complexes, respec-
tively, requiring ATP for DNA cleavage [1,2] Type-I
enzymes consist of S (Specificity), M (Modification) and
R (Restriction) subunmits. and type-111 enzymes of S-M
and R subunits The role for ATP 1n the action of these
enzymes 1s apparently dual, first inducing a conforma-
tional change allowing discrimmation between modified
and unmodified recognition sites on DNA, and then
providing the energy thought to be 1equired for DNA
translocation through the enzyme (tvpe-I), or for en-
zyme release from DNA (type-1II) At the first step ATP
1s replaceable by 1ts non-hydiolyzable analogs, whereas
the second step requires ATP hydrolysis. ATP hydroly-
s1s 1s thus necessary for DNA cleavage but not for mo-
dification (for type-III enzymes, however, some clea-
vage 1s observed 1n the abscnce of ATP hydiolysis) The
ATP binding and ATPase activities have been assigned
to the R subumts [1] Sequence determination of hsd
genes encoding the type-I and type-IIl enzyme subumts
revealed hittle conservation at the amino acid level, es-
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pecially among the R subunit sequences [3-5] Impor-
tantly, however, 1t has been noticed [3] that the EcoK
R subunit sequence contamed the so-called ‘A’ motif of
the purine NTP-binding pattern typical of a wide range
of ATP- and GTP-utihizing enzymes [6,7]

Here, we show that R subunits of the type-I and
type-III restrictases share a distant but reliable sequence
stmilarity and contain the sequence motifs characieiisuc
for superfamily I of DNA and RNA helicases [8] It1s
speculated that R subunits of type-I and type-IlI restric-
tases posses helicase activity which may be involved n
local unwinding of DNA 1 the cleavage sites.

2 MATERIALS AND METHODS

2 1 Amino aad sequences

For sources ui ihe sequences see [7,8] except for £ colt HsdR [3],
P1BP RES [4]. IFIVPI HsdR [5]. yeast putative DNA helicase RadH
(9], sphiccosome component PRP16 {10], and the putative helicase of
RUBV [11]

2 2 Comparative sequence analysis

The SWISSPROT datd bank version 12 was searched for sequences
similar to 4 query sequence using the program QUICK, which 15 4
module of the GENEBEEL program package for hiopolymer sequence
analysis [12] Amuno aad sequences were compared by the progrdm
OPTAL as previously described [13] using the amino dad residue
companson matnx MDM78 Program OPTAL, mmplementing the
Sankoff algorithm, generates multiple sequence dhignments 1h d step-
wise manner and caleulates adjusted alignment scores as the number
of standard deviattons (SD) over the medn ot 25 random simulations

3 RESULTS AND DISCUSSION

31 R subumit af EcoK s related to the RNA and DNA
helicases of the '"DEAD' fumily
The vast class of the purine NTP-binding pattern-
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containing protemns could be divided, on basis of the
observed sequence similarities, into numerous groups of
different ranks Each of these groups could be charac-
terized by conservation of some additional sequence
motifs, besides specific forms of the two motifs constitu-
ting the NTP-binding pattern [7] Upon screeming the
SWISSPROT data bank for similarity to the ammo
acid sequence of the E coli HSDR gene product (EcoK
R. subunit), considerable similarity was revealed with
the mouse eIF-4A sequence, which is a member of the
so- called ‘DEAD’ family of RNA and DNA helicases
[8,14] Detailed sequence comparison between the R
subunit and the ‘DEAD’ family helicases revealed two
segments of over 140 anuno acid residues each, display-
ing statistically significant similanty (Fig 1) Of the 21
invariant residues of the presented set of cellular prote-
ins (one of these residues cannot be seen 1n Fig 1 as it
lies within the spacer separating the two stretches
shown), 10 were fully conserved and 6 were replaced by
similar residues in the endonuclease

3.2 All sequenced R subunuts of type-I and type-III en-
zymes contain the moufs specific for the helicase
superfaruly IT

‘DEAD’ famuly 1s a subdivision of the so-called heh-
case superfanuly I whose members share 7 highly con-
served sequence motifs [8] Thus we searched the three
known sequences of type-I and type-I1I R subumts for
the presence of these motifs Five motifs (1, Ia, 11, V and

V1) could be readily 1dentified 1n all the three sequences

The counterparts to motif Il could be confidently 1den-

tified only in the EcoR124/3 and EcoPl R subumt sc-

quences, and counterpart to motif IV in that of EcoK

(Fig 2) These results suggested that R subunits of type-

I and type-111 R-M complex might be peripheral mem-

bers of the hehicase superfarmily I1. However, as we have

demonstrated previously that the helicase superfamilies

I and 11 are distantly related [8], 1t seemed 1important to

compate the sequences of the R subunits to those of

helicases belonging to each superfamily Superposition
of the conserved motifs typical of the two superfamilies

with those found in endonucleases s shown m Fig. 2,

It could be concluded that the R subunit sequences

fitted better the consensus patterns of superfammly II

This was particularly obvious when motifs 11, 1II and

VI were compared Intcrestingly, however, in the latter
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motif, the sequence of the £co124/3 R subunit encom-
passed the remarkable replacement of the otherwise
fully conserved throughout superfamily II Gly residue
by Ser The signature ‘S/TR’ is typical of the respective
segment 1n superfamily I (Fig 2; [16,17]) Thus the
structure of this segment 1n Eco124/3 might be conside-
red mtermediate between the two helicase superfamihes

In accord with the previous observations [3-5], and
quite unexpectedly 1n view of their functional similanty,
the R subunit sequences had Iittle in common with each
other, besides the conserved helicase motfs Moreover,
despite the more or less umiform spacing of the motifs
themselves, the relative locations of the putative hehcase
domains encompassing them were very different n the
three R subunits (Fig 3). Apparently, these dissimilar-
ties could account for the previously published erratic
alignment of two R subumt sequences, 1n which neither
of the helicase moufs (unnoticed at the ume) matched
in the compared sequences [5]

33 The putative helicase activity of the R subunits may
be requuied for local unwinding of double-stranded
DNA

These observations allow us to hypothesize that the

R subunits of type-1 and type-11I R-M enzymes may
possess helicase activity The most obvious role for the
putative helicase 1n restriction 1s local unwinding of
DNA 1n the cleavage sites In type-I enzymes the puta-
tive helicase activity might also be involved in DNA
translocation It 1s to be noted that, although type-1II
enzymgcs appear to cleave DNA 1n the absence of ATP
hydiolysis, this cleavage 1s never complete [1], sugge-
sting that, fo1 the optimal activity, the helicasc might be
required Type-II restriction enzymes, which function
sepatately from the respective M systems, encompass
no putative helicase motifs (unpublished observations)
This can be tentatively connected with the fact that the
recognition/cleavage sites for type-1I enzymes are palin-
dromic [18], whereas the cleavage sites for type-I and
type-IlI enzymes reveal no symmetry [2] It can be
speculated that cleavage by type-lI endonucleases oc-
curs at transient cross-structures in DNA, requiring no
local unwinding, and consequently no helicase, Experi-
mental search for the helicase activity i type-l and
type-II1 R enzymes will probably shed new hight on the
mechanisms of their action

G~

Fig | Alignment of £ coli HsdR protein sequence with those of the *DEAD' lamily helicases and RecQ protens The dhignment 15 composed of
two large stretches, each aligned by program OPTAL, and separated by a spacer where the sequences could not be aligned bewduse of an
approximately 50 amino acid residue insert in the HsdR protemn (the numbers of residues 1n the spacer segments are indicated) The scores forcach
of the aligned segments were over 6 9 SD. which 15 ndicative of a genuine relationship ({13}, and references theran) It has been shown previously
that £ calt RecQ protein s closely related to the ‘DEAD" helicase family [8] and exerts helicase acuvity {15] Asterisks = amino acid residues identical
or sumlar m HsdR and the proteins of *DEAD/MReeQ’ Fanily (one exception allowed). plus signs = conserved residues in the protems of the latter
farmuly, all residues identical or simular in HydR and any of the other sequences are highhghted by boldfuwe The grouping of amino aeid residues
was as follows D.LN.Q. ST K. R LLVMIFC bYW
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I IA II
1 MOUSE EIF4A1 70 DVIAQAQSGTGKTATFAIS 11 TQALVLAPTRELAQQI 61 MFVLDEAd 23
2 YEAST MSS 144 DVIAPAKTGTGKTFAFLIP 15 VKVIVAAPTRDLALQI 66 ykVLDEAd 30
3 E.COLI SrmB 42 DVLgSAPTQAGKTAAYLLP 15 PRILILTPTRELAMQV 60 tLILDEAd 23
4 E.COLI RecQ 43 DCLVVMPTGGGKSLCYQIP S5 GLtVVVsPLiIiSLMKDQ 61 LLAVDEAH 27
5 M.LUT UvrB 42 DVVLMGATGTGKSAT--tA 7 RPtLVMVGNKTLAAQL 261 LLVVDEsH 46
6 YEAST PRP16 370 VVIIIGETGSGKTTQLAGD 11 KSIVVTIGPRRVAAISY 55 CVIIDEAH 24
7 YEAST Rad3 36 NsILEMPSGIGKTVSL-LS 11 RKIIyCsrTmSeIEKA 148 IVIFDEAH 217
8 K2P1 P4 55 SLIVCYDVGLGKTYAAACL 8 FKVLyLsnSINsIDNF 43 LIILDEvH 23
9 TS5BP D10 102 TCIINGKpGFGKTILALAL 7 QKtLVICtNISIREMW S0 tVIVDEVHA 135
10 VW NTPasel 49 SLLLFHETGVGKTMT-TVY 10 NWAIILLVKKALIEDP A3 CVIIDEcH 32
11 VWV NTPase2 39 SVLLFHIMGSGKTIIALLF 7 KKVyILVPNINILKIF 48 IFIVDEAH 21
12 vav GpS51 61 VEVVRAPmMGSGKTTAL=-LE 9 ISVLVVseRRSFTQTL 47 VLILDEvm 27
13 TVMV ClI 79 DITLMGAvVGSCGKSTG--LP 6 GGVLLLePTRPLAENV 51 FIIFDEfH 21
14 YFV NS3 192 TtVLDFHpGAGKTRRF-LP 10 LRtLVLAPTRVVLSEM 48 VIIMDEAH 23
15 BVDV P125 ? FkqITLATGAGKTTE--LP 10 KRVLVLIPLRAAAESV 48 yIFLDEyH 23
Superfamily 11 Fte tg GKt + ++444p 1 ¥ ++++DEah
consensus s s k
16 P1BP RES 78 VIAVSMETGTGKTYTYTkT 10 NKFIIIVPTISIKAGT 98 FIIIDEpH 19
17 E.COLI HsdR 483 EILLAMATGTGKTRTAIAM 10 KRILFLVARRSLGEQA 59 CIVVDEAH 19
18 IFIVP1 HsdR 301 GgYIWHTTGSGKTLTSFkA 10 DKVFFVVARKDLDYQT 57 VFIFDEcH 19
Superfamily I ag s
consensus +++ g alc GKt 4+ ++ 4 ++++DE+
19 E.COLI Rep 16 PCLVLAGAGSGKTRVITNK 12 RHIAAVTFTNKAAREM 146 yLLVDEyQ 19
20 E.COLI RecB 17 ErLIEASAGTGKTFTIAAL 20 EELLVVTFTEAAtAEL 307 VAMIDEFQ 21
21 E.COLI RecD 165 IsVISGGPGTGKTTTVAKL 12 CRIrLAAPTGKAAARL 52 VLVVDEAS 19
22 YEAST PIF 252 NIFyTGSAGTGKSILLREM 10 ENVAVtASTGLAACNI 39 ALVVDEIS 29
23 YEAST RadH 29 GLgVTAGpGTGKTKVLTSR 12 RDIIVtTFTNKAANEM 164 hVLVDEFQ 23
24 Vev Gp55 84 VyLISGNAGSGKSTCIQTL 3 IDCIItGSTRVAAQNV 116 VIVIDEAG 33
25 BMV la 680 ISMVDGVAGCGKTTAIKDA 3 GEJLVITANRKSAEDV 32 rLLVDEAG 18
26 TMV Pl126 828 VVLVDGVpGCGKTKEILSR 3 DEJLILVPGKQAAEMI 35 rLFIDEgL 18
27 SNBV nsP2 181 TIgVIGTpGSGKSAIIKST 2 ARJILVtSGKKEnCREI 29 VLyVDEAF 19
28 RUBV ? ? IrVWuNmAAGAGKTTRILAA 2 REALYVCPTNALLHEI 29 rlyIDEAF 17
29 BNYVV1 P237 937 LeyVKGGpGTGKSFLIRSL 3 IRALVVAPSIKLrSDy 27 IIFVDEFT 18
30 PVX1 P166 699 ACVIHGAGGSGKSHAIQKA 7 SDItVVLPTNELrLDw 25 IVIFDDyS 19
31 BNYVV2 P42 128 VgIVLGApGVGKSTSIKNL, 7 HKMVLCLPFSQLLEGV 24 tMLVDEVT 18
32 PVX2 P25 24 PLVVHAVAGAGKSTALRKL 7 TNhtLgVPDKVSIRTr 12 FAILDEyT 9
33 1IBV "HEL® 7 Rt tVQGPpGSCGKSHFAIGL. 6 ARVVFtACSHAAVDAL. 52 ILLVDEVS 18
Fig 2 (for legend, scc next page)
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Fig 3 Location of the putiative helicase domains i the three R

subumts of type-1 and type-Il1 restriction-modification enzymes The

polypeptide chaing ore dessgnated by rectangles drawn o seale The
seven consarved motifs (see text) are shown
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