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from "Assaces Type-l and type-1I1 restriction-modification (R-M)

myes are three- or two-subunit complexes, respec-
»dy, requiring ATP for DNA cleavage [1,2]. Type-I
wymes consist of S (Specificity), M (Modification) and
Rev. Cel 3 | Jifastriction) subunits, and type-III enzymes of S-M
#R subunits. The role for ATP in the action of these
‘Smigel. }in aynes is apparently dual, first inducing a conforma-
:Afmd*;:" #malchange allowing discrimination between modified
ok, §swmmodified recognition sites on DNA, and then
“and Vauge SR 9ding the energy thought to be required for DNA
socation through the enzyme (type-I), or for en-
release from DNA (type-III). At the first step ATP
paceable by its non-hydrolyzable analogs, whereas

Lett. 224,282

Bourne. H3 #@®wxoond step requires ATP hydrolysis; ATP hydroly-
10543. u uﬂ.!us necessary for DNA cleavage but not for mo-
l; (5];‘83"‘" w e 0on (for type-II1 enzymes, however, some clea-

_ i;0b§erved in the absence of ATP hydrolysis). The
] . !Indmg and ATPase activities have been assigned
*® R subunits [1]. Sequence determination of hsd

59) Eur. ). Ba¥ ~ tacoding the type-I and type-I11 enzyme subunits
157 e little conservation at the amino acid level, es-
(1986) B Ry

b ons: Pl, plasmid; BP, bacteriophage; VV, vaccinia virus;
1987) ). B O flne Rictlla-z0ster virus; TVMV, tobacco vein mottling virus;
ol ‘V. fever virus; BVDV, bovine viral diarrhea virus; BMV,

B ..'Osaxc virus; TMYV, tobacco mosaic virus; SNBV, Sindbis

L V, rubella virus; BNYVYV, beet yellow vein virus; PVX,

us X; 1BV, infectious bronchitis virus; IFIVPl HsdR =

R subunit; £.coli HsdR = EcoK R subunit; PIBP RES =
 Subuni;,
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L lly significant amino acid sequence similarity is demonstrated between the endonuclease (R) subunit of EcoK restriction-modification
e, and RNA and DNA helicases of the so-called ‘DEAD” family. It is further shown that all three known sequences of R subunits
1 and type-111 R-M enzymes contain the conserved amino acid sequence motifs typical of the previously described helicase superfamily 11
B Nucleic Acids Res. 17, 4713-4730]. A hypothesis is proposed that these enzymes may exert helicase activity possibly required for local
F unwinding of DNA in the cleavage sites.

Amino acid comparison; Sequence pattern; ATP-binding site; Helicase; Restrictase

pecially among the R subunit sequences [3-5]. Impor-
tantly, however, it has been noticed {3] that the EcoK
R subunit sequence contained the so-called ‘A’ motif of
the purine NTP-binding pattern typical of a wide range
of ATP- and GTP-utilizing enzymes {6,7].

Here, we show that R subunits of the type-1 and
type-1II restrictases share a distant but reliable sequence
similarity and contain the sequence motifs characteristic
for superfamily I of DNA and RNA helicases [8]. It is
speculated that R subunits of type-1 and type-1II restric-
tases posses helicase activity which may be involved in
local unwinding of DNA in the cleavage sites.

2. MATERIALS AND METHODS

2.1 Amino acid sequences

For sources of the sequences see [7,8] except for E. coli HsdR [3];
P1BP RES [4], IFIVP] HsdR [5], yeast putative DNA helicase RadH
[9), spliceosome component PRP16 [10], and the putative helicase of
RUBV [11}.

2.2 Comparative sequence analysis

The SWISSPROT data bank version 12 was searched for sequences
similar to a query sequence using the program QUICK, which is a
module of the GENEBEE program package for biopolymer sequence
analysis [12]. Amino acid sequences were compared by the program
OPTAL as previously described [13] using the amino acid residue
comparison matrix MDM78. Program OPTAL, implementing the
Sankoff algorithm, generates multiple sequence alignments in a step-
wise manner and calculates adjusted alignment scores as the number
of standard deviations (SD) over the mean of 25 random simulations.

3. RESULTS AND DISCUSSION

3.1 R subunit of EcoK is related to the RNA and DNA
helicases of the ‘DEAD’ family
The vast class of the purine NTP-binding pattern-
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ning proteins could be divided, on basis of the
»et ed sequence similarities, into numerous groups of
’thr:“t ranks. Each of these groups could be charac-
¥ by conservation of some additional sequence
«fs. pesides specific forms of the two motifs constitu-
-~ the NTP-binding pattern [7]. Upon screening the
?flSSPROT data bank for similarity to the amino
L’S,‘,quence of the E. coli HSDR gene product (EcoK
¢ subunit), considerable similarity was revealed with
mouse elF-4A sequence, which is a member of the
o~ called ‘DEAD’ family of RNA and DNA helicases
14} Detailed sequence comparison between the R

gbunit and the ‘DEAD’ family helicases revealed two

ents of over 140 amino acid residues each, display-
“statistically significant similarity (Fig. 1). Of the 21
gvaniant residues of the presented set of cellular prote-
gs (one of these residues cannot be seen in Fig. 1 as it
s within the spacer separating the two stretches
aown), 10 were fully conserved and 6 were replaced by
emilar residues in the endonuclease.

13 All sequenced R subunits of type-1 and type-III en-
zymes contain the motifs specific for the helicase
superfamily 11

‘DEAD’ family is a subdivision of the so-called heli-
ase superfamily II whose members share 7 highly con-
ened sequence motifs [8]. Thus we searched the three
own sequences of type-1 and type-111 R subunits for

B¢ presence of these motifs. Five motifs (I, Ia, II, V and

VD) could be readily identified in all the three sequences.

e counterparts to motif I1I could be confidently iden-

. 3ed only in the EcoR124/3 and EcoPl R subunit se-

xnces, and counterpart to motif IV in that of EcoK
thig 2). These results suggested that R subunits of type-
Vand type-I11 R-M complex might be peripheral mem-
%3y of the helicase superfamily II. However, as we have

nstrated previously that the helicase superfamilies
hand 1l are distantly related [8], it seemed important to

' Smpare the sequences of the R subunits to those of

belonging to each superfamily. Superposition

= S conserved motifs typical of the two superfamilies
those found in endonucleases is shown in Fig. 2.
©uld be concluded that the R subunit sequences

™ better the consensus patterns of superfamily II.
Was particularly obvious when motifs II, III and

¢ compared. Interestingly, however, in the latter
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motif, the sequence of the Eco124/3 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 in superfamily I (Fig. 2; [16,17]). Thus the
structure of this segment in Eco124/3 might be conside-
red intermediate between the two helicase superfamilies.

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

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

These observations allow us to hypothesize that the

R subunits of type-I and type-III R-M enzymes may
possess helicase activity. The most obvious role for the
putative helicase in restriction is local unwinding of
DNA in the cleavage sites. In type-I enzymes the puta-
tive helicase activity might also be involved in DNA
translocation. It is to be noted that, although type-III
enzymes appear to cleave DNA in the absence of ATP
hydrolysis, this cleavage is never complete [1], sugge-
sting that, for the optimal activity, the helicase might be
required. Type-II restriction enzymes, which function
separately 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-II enzymes are palin-
dromic [18], whereas the cleavage sites for type-I and
type-III enzymes reveal no symmetry [2]. It can be
speculated that cleavage by type-II endonucleases oc-
curs at transient cross-structures in DNA, requiring no
local unwinding, and consequently no helicase. Experi-
mental search for the helicase activity in type-I and
type-III R enzymes will probably shed new light on the
mechanisms of their action.

L2

£ eoli R

i Alignment of E. coli HsdR protein sequence with those of the ‘DEAD’ family helicases and RecQ protein. The alignment is composed of
: N:tretches, each aligned by program OPTAL, and separated by a spacer where the sequences could not be aligned because of an

tely 50 amino acid residue insert in the HsdR protein (the numbers of residues in the spacer segments are indicated). The scores for each
Segments were over 6.9 SD, which is indicative of a genuine relationship ({13}, and references therein). It has been shown previously

“r 'RecQ protein is closely related to the ‘DEAD’ helicase family [8] and exerts helicase activity [15]. Asterisks = amino acid residues identical

in H

SdR and the proteins of ‘DEAD/RecQ’ family (one exception allowed); plus signs = conserved residues in the proteins of the latter

" fesidues identical or similar in HsdR and any of the other sequences are highlighted by boldface. The grouping of amino acid residues
was as follows: D,E,N,Q; S,T; K,R; ,LL,VM,F,C; F,Y,W.
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MOUSE EIF4AI 70  DVIAQAQSGTGKTATFAIS
YEAST MSS 144  DVIAPAKTGTGKTFAFLIP
E.COLI SrmB 42  DVLgSAPTqQAGKTAAYLLP
E.COLTI RecQ 43 DCLVVMPTGGGKSLCYQIP
M.LUT UvrB 42  DVVLMGATGTGKSAT--tA
YEAST PRP16 370  VVIIIGETGSGKTTQLAGQD
YEAST Rad3 36  NsILEMPSGTGKTVSL-LS
K2P1 P4 55  SLIVCYDvGLGKTYAAACL
TSBP D10 102  TCIINGKpGFGKTILALAL
10 VW NTPasel 49  SLLLFHETGVGKTMT-TVY
11 VW NTPase2 39  SVLLFHIMGSGKTIIALLF
12 VvZVv  GpS1 61 VtVVRAPMGSGKTTAL-LE
13 TVMV  CI 79  DIILMGAVGSGKSTG--LP
14 YFV  NS3 192  TtVLDFHpGAGKTRRF-LP
15 BVDV P125 ? FkqITLATGAGKTTE--LP
Superfamily II +++ tg GKt +
consensus s s

VOO WN =

16 PIBP RES 78  VIAVSMETGTGKTYTYTKT
17 E.COLI HsdR 483  EILLAMATGTGKTRTAIAM
18 IFIVP1 HsdR 301 GgY IWHTTGSGKTLTSFkA

Superfamily I ag s
consensus +++ g aG GKt
19 E.COLI Rep 16 PCLVLAGAGSGKTRVITNK
20 E.COLI RecB 17 ErLIEASAGTGKTFTIAAL
21 E.COLI RecD 165 IsVISGGpGTGKTTTVAKL
22 YEAST PIF 252 NIFyTGSAGTGKSILLREM
23 YEAST RadH 29 GLgVTAGpGTGKTKVLTSR
24 vzZv GpS5 84 VyLISGNAGSGKSTCIQTL
25 BMV la 680 ISMVDGVAGCGKTTAIKDA
26 TMV P126 828 VVLVDGVpGCGKTKEILSR
27 SNBV nsP2 181 TIgVIGTpGSGKSAIIKST
28 RUBV ? ? IrVWNmAAGAGKTTRILAA
29 BNYVV1 P237 937 LeyVKGGpGTGKSFLIRSL
30 PVX1 P166 699 ACVIHGAGGSGKSHAIQKA
31 BNYVV2 P42 128 VgIVLGApGVGKSTSIKNL
32 PVX2 P25 24 PLVVHAVAGAGKSTALRKL
33 IBV' 'HEL’® 7 Rt tVQGPpGSGKSHFAIGL

IA II

11 TQALVLAPTRELAQQI 61 MFVLDEAq
1S VKVIVAAPTRDLALQI 66 ykVLDEAq4
15 PRILILTPTRELAMQV 60 tLILDEAq
5 GLtVVVsPLiSLMKDQ 61 LLAVDEAj
7 RPtLVMVQNKTLAAQL 261 LLVVDEsH
11 KSIVVTQPRRVAAISV 55 CVIIDEAH
11 RKIIyCsrTmSeIEKA 148 IVIFDEAY ;
8 FKVLyLsnSINsIDNF 43 LIILDEvH
7 QKtLVICtNtSIREMW 50 tVIVDEvH
10 NWAIILLvVKKALIEDP 43 CVIIDEcH
7 KKVyILVPNINILKIF 48 IFIVDEAH
9 ISVLVVscRRSFTQTL 47 VLILDEvnm
6 GGVLLLePTRPLAENV 51 FIIFDEfH
10 LRtLVLAPTRVVLSEM 48 VIIMDEAH
10 KRVLVLIPLRAAAESV 48 yIFLDEyH
+++++p r + ++++DEah
k

ERRISRBISRRIBED

of

10 NKFIIIVPT1SIKAGT 98 FIIIDEpH 19
10 KRILFLVARRSLGEQA 59 CIVVDEAH 19
10 DKVFFVVARKDLDYQT S7 VFIFDEcH 19

++4++ ++ o+ ++++DE+
RHIAAVTFTNKAAREM 146 yLLVDEyQ 19
EELLVVTFTEAAtAEL 307 VAMIDEFQ 21
CRIrLAAPTGKAAARL 52 VLVVDEAS 19
ENVAVtASTGLAACNI 39 ALVVDEIS 29
RDIIVtTFTNKAANEM 164 hVLVDEFQ 23
IDCIItGSTRVAAQNV 116 VIVIDEAG 33

= N e
ONON

DEJLILVPGKQAAEMI 35 rLFIDEgL 18
ARALVtSGKKENCREI 29 VLyVDEAF 19
REALYVCPTNALLHEI 29 rIyIDEAF 17
IRALVVAPSIKLrSDy 27 IIFVDEFT 18
SDItVVLPTNELrLDw 25 IVIFDDyS 19
HKMVLCLPFSQLLEGV 24 tMLVDEVT 18
TNhtLgVPDKVsIRTr 12 FAILDEyT 9
ARVVFtACSHAAVDAL 52 ILLVDEVS 18

(Y
NN NWNDNDDWWLN

Fig. 2. (for legend, see next page). ~
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Fig. 3. Location of the putative helicase domains in the three R

subunits of type-I and type-III restriction-modification enzymes. The

polypeptide chains are designated by rectangles drawn to scale. The
seven conserved motifs (see text) are shown.
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II1 IV v VI
1: VVLLSATMP 56 AVIFINTRRK 40 VLItTDLLARGIDVQQVSLVI 6 NRENYIhRIGRgGR 41
23 2: tLLFSATLD 65 AIIFAPTVKF 43 ILVCTDVgARGMDFPNVHEVL 6 ELANYIhRIGRtAR 195
30 3: tLLFSATLE 56 sIVFVRnRLE 41 VLVATDVAARGIDIPDVSHVF 6 SGDTYLhRIGRtAR 103
23 4: FMALTATAD 52 gIIYCNSRAK 40 IVVATVAFGMGINKPNVRFVV 6 NIESYYQETGRAGR 279
27 5. tVyLSATPG 45 VLVtTLTKRM 39 VLVgiNLLREGLDLPEVSLVA 11 STTSLIQTIGRAAR 129
46 6: LIITSATMN S6 ILIFMTgQED 58 IIIATNIAETSLTIKGIRYVI 24 SKANADQRsGRAGR 380
24 7. VIITSGTIS 72 MVVFFPSYLY S50 AILLSVArGEGIDFQYgRTVL 36 AMRHAAQCLGRVIR 107
217 8: ILVITATPM 94 InAFINSIKE 71 ILLgSSVLSEsITLYRVKHLh 6 NYGQIKQSIGRAiR 201
23 9: kIgLSGTLK 31 VLIVSDrTEL 41 LAAAQSIFSEGISLNELSCLI 6 NESLIEQLAGRVGR 59
15 10: MICLSATPI 129 yndFKNSLRD 109 tCVFSSSgGEGISFFSINDIF 6 NEASLRQIVGRAiR 151
32 11: FLLLSGSPI 159 FKYFINrIQT 79 FLFsSNIMSEsyTLKEVRHIw 6 TFSQYNQILGRsiR 180
21 12: 1 IAMAATVN 80 ICIFSSTLSF 34 VLVYTTVVIVGLSF-DMAHFh 13 DMVSVYQSLGRVrl 466
21 13: IIkVSATPP 43 ILVYVASYNE 40 FIVATNIIENGVTL-DVDVVV 26 SLGERIQRFGRVGR 276
21 14: tILMTATPP 38 tAWFLPSIRA 36 FILATDIAEMGANL-CVERVL 27 SASSAAQRrGRIGR 156
23 15: VVAMTATPA 48 MLVFVPTRNM 36 VIVATNAIESGVTLPDLDTVI 30 TVGEQAQRrGRVGR 7
23 ++++sat +++f t +++4t + gt + + ++ q +GR+gr
tgs y s s a
16: IIrygATFS 142 tLFFIDAIEG 77 FIFskWTILREGWDnPNVFQIC 6 STTSKLQEVGRglR 433
19 17: LdyVSAyRR 121 tLVFCVINAH 52 IVVtvDLLTTGVDIPSICNIV 6 SRILYEQMKGRAtR 243
ig 18: qFgFTGTPI 32 VLKFKVAYND 170 LLIVVGMFLTGFDAPTLNTLF S RYHGLMQAFsRtnR 342
a s fgt
++++gd Q + R + ++t+ qG+ + v +++ ++yva+sRa
19: FTVVGDDDQ 24 VIKLEQNYRS 272 VQLMTLHASKGLEFPYVYMVg 19 ERRLAYVGITRAQK 32
;? 20: LLLIGDPKQ 22 HYTLDTNWRS 286 VQIVTIHKSRGLEYPLWLpF 41 DLRLLYVALTRsVW 369
19 21: VIFLGDRDQ 40 TGTeAASLRD 183 tWAMTVHKSQGsEFDHaALIL 8 TRELVYtAVIRARR 33
29 22: IVCVGDFFQ 27 TIMLQKVFRQ 280 AWsSLSIHKSQGQTLPKVKVAL 4 EKGQAYVALSRAVS 117
23 23: MTIVGDPDQ 25 TIILVENYRS 329 VTIsTIHGAKGLEWPVVFIpg 49 ERRMFFVAqQTRAKY 447
3 24: IVCVGsPTQ 42 WAIFINNKRC 463 kLAMTIARSQGLSLEKVAICF S RLNsVYVAMSRtVS 36
18 25: VLAFGDTEQ 21 RDVVHKTYRC 80 gHIKTVHEAQGISVDNVTLVr 10 HEEyC1VALTRhKK 15
18 26: AyVyGDTQQ 23 VETrRTTLRC 64 sDVhTVHEVQGeTYSDVSLVr 11 DSPhV1VALSRhTC 30
19 27: VVLCGDPMQ 23 TFYKYISRRC 60 hEVMTAAASQGLTrKGVYAVr 11 TSEhVnV1LTRtED 378
17 28: VICVGDRDQ 18 TERsSRHIWRF 52 IRAyTVREAQGMSVGTaCIhV 11 TRDLAiVSLTRASD ?
18 29: IyLVGDEQQ 22 THVpIMNFRN 63 VSktTVRANQGSTYDNVVLpV 9 SAELnlVALSRhRN 926
19 30: VILTGDSRQ 26 RYYLNATHRN 48 nDtFTYAGCQGLTKPKVQIVL 7 SANVMYtALSRATD 502
18 31: VICFGDPAQ 16 IAECYASRRF 58 IEsI1YSDAhGQTYDVVTIIL 10 DPNVraV1LTRARK 30
9 32: QqALFADPYQ 9 FY-LETSFRV 54 VEFVKPCQVtGLEFKVVTVVs 7 QSTAFYnAITRsK- 9
18 33: VVyVGDPAQ 29 DIFLAKCYRC 86 LNVQTVDSSQGSEYDYVIFCV 8 NINrFnVALTRAKR 28
fg2 Conserved motifs in the helicase superfamilies 1 and I and in the R subunits of type-I and type-II1 R-M enzymes. For the sake of clarity,
Tepresentative samplings of the sequences of superfamilies I and II were included. The conserved segments are designated I to VI according
The numbers of amino acid residues between the segments, and those between the aligned regions and the protein termini are indicated.
Sonsensus residues defined as in [8] are indicated; the respective positions in all sequences are highlighted by boldface, and the deviations from
®asensus are shown in lower case; plus signs = conserved hydrophobic residues. The segments that have been only tentatively identified with
the respective motifs are highlighted by italics.
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