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A statlstlcally slgmficant amino acid scquencc slmllarlty IS demonstrated between the endonuclease (R) subunIt of f?ccoK restrlctlon-modlficatlon 
(K-M) enzyme, and RNA and DNA hellcases of the so-called ‘DEAD’ f’amlly It IS further shown thdt all three known sequences of lX subumts 
of type-l and type-111 R-M enzymes contain the conselvcd ammo acid sequence motifs typlcdl of the prcvlously described bellcase superfamily II 
[(1989) Nucleic Acids Res 17, 471347301 A hypothesis IS proposed that these enzymes may exert hehcase actw1ty possibly required for local 

unwmdmg of DNA m the clcnvage sites 

Ammo acid compdrlson, Scqucncc pattern, ATP-binding site Hellcase, Restrictdse 

1 INTRODLJCTION 

Type-I and type-III restnctlon-modlficatlon (R-M) 
enzymes are three- or two-subumt complexes, rcspec- 
tlvely, requiring ATP for DNA cleavage [I ,2] Type-I 
enzymes consist of S (Speclficlty), M (Modlficatlon) and 
R (Restnctlon) subunits. and type-III enzymes of S-M 
and R subunits The role for ATP m the action of these 
enzymes IS apparently dual, first mducmg a conforma- 
tional change allowmg dlscrlmlnatlon between modified 
and unmodified recogmtlon sites on DNA, and then 
providing the energy thought to be Iequued for DNA 
translocatlon through the enzyme (tvpe-I). or for en- 
zyme release from DNA (type-III) At the first step ATP 
IS replaceable by Its non-hydrolyzable analogs, whereas 
the second step requires ATP hydrolysis. ATP hydroly- 
SIS IS thus necessary for DNA cleavage but not for mo- 
dlfkatlon (for type-III enzymes, however, some clea- 
vage 1s observed in the absence of ATP hydrolysis) The 
ATP bmdtng and ATPase actlvltles have been asslgned 
to the R subunits [I] Sequcncc detcrmmatlon of 14 
genes encoding the type-1 and type-III enzyme subunits 
revealed little conscrvatlon at the ammo acid level, es- 
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WV. vdrwzlld-/oskr VIIUS, TVMV, tobdLco vcm mottlmg virus, 
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peclally among the R subunlt sequences [3-51 Impor- 
tantly, however, It has been noticed [3] that the EcoK 
R subumt sequence contained the so-called ‘A’ motif of 
the purme NTP-brndmg pattern typical of a wldc range 
of ATP- and GTP-utlllzmg enzymes [6,7] 

Here, we show that R subumts of the type-1 nnd 
type-III restnctases share a distant but reliable sequence 
slmllarlty and contain the sequence motifs characre UIC 
for superfamlly II of DNA and RNA hellcases [8] It 1s 
speculated that R subunits of type-1 and type-III restrlc- 
tases posses h&case activity which may be involved m 
local unwinding of DNA In the cleavage sites, 

2 MATERIALS AND METHODS 

2 I nrllrrzo otrd requemcr 

For sources G ~!IC sequcnccs see [7,8] except for E co/r HsdR [3], 
1’1 BP RES [4]. IFI\IPI HsdR [S]. ywit putdtwe DNA hehcase RadH 
[9], sphccosomc component PRPI6 [lo], and the putative hclicdse of 
RUBV [I I] 

The SWISSPROT ddtd bdnk vcr51on 12 v&is scdrchcd for scqucnccs 
wmldr IO J query scqucncc u51ng the progrdm QUICK, which 15 d 
module of the GENEBEL progr,im pdkigc for blopolymcr scqurncc 
dndlyw [ 121 Ammo dcld scqucncct wcrc compdrcd by the progrdm 
OPTAL d5 prcwously dcscrlbcd [13] using the dmmo dCld rcsiduc 
compdrlson mdtrlx MDM78 Proglan OPTAL, implcmcnting lhc 
Sdnkoff dtgorilbm, gcncrdtcs ~t~ul~rl~lc scqucna dlignnlCflt5 111 d rtcp- 
WISC mdrincr dnd cdlculdk$ .td~u~~l alignment scores ds lk number 
of sldflddrd dcvidttons (SD) over the mcdn ot 25 rdndom wmuldt1on5 

3 RESULT’S AND DISCUSSION 

3 1 R whtutrt cd EcoK is tvltrd lo the RN.4 urtcl DNA 
lrcltcurcr OJ rlrc ‘DEAD ’ fitnrtl~’ 

The vast class of the purinc NTP-brnding pattcrn- 
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+ ++ + 

I:EIF-4AI 68 GYDVIAQAQS GTGKTATF'AI SILQQI-ELB -------LKA ----TQA--- ---LVLAFTR 
2:P68 Il.0 GLDHVGVAQT GSK~SYLL PAIVHI-NHQ P----F-Em ----GDG--- PICLVLAPTR 
4:VASA 281 GRDLMACAQT GSGKTAAFLL PILSKL-LED P----HELEL ----GRP--- QV-VIVSPTR 
4:SmB 40 GPDVLGSAPT QAGKTAAYLL PALQHL-EDF P----R-KKS ----GPP--- RI-LILTPTR 
5:PLl0 215 KRDLMACAQT CSGKTAAFLL PILSQIYTDG PGEALRAMKE NGKYGRRKQY BESLVLAPTB 
6:MSS 142 DHDVIAPAKT GTGKTFAFLI PIFQHI-INT K--P---FDS Q---YMV--- KV-IVAAPTR 
7:RecQ 41 GRDCLVVMPT GGGKSLCYQI PAL--L-LNG -------ET- ---------- ---VVVSPLI 

at **ry** * * 0 * YIJYO iy 
8:HsdR 481 QQEILLAEIIAT GTGKTRT-AP AMMFRLIQSQ R------FK- ---------- WI-LFLVdRRL 

1:EiAQQIQKVV MA%-GDYMGA 
+ 

S ---CHACIG GTNVRAEVQK LQMEAPHIIV GTPGRVF--D MLNR-RYLSP 
2:ELAQQVQQVA AEY-CRACRL K ---STCIYG GAPKGPQIRD LER-GVEICE ATPGKf--D FLEC-GKTNL 
3:ELAIQIFNEA RKF-AFESYL K--- IGIVYG GTSFRHQNEC ITR-GCHVVP ATPGRLL--D FVDR-TFITF 
4:ELAMQVSDHA REL-AKHTHL D ----ATITG GVAYMNHAEV FSE-NQDEVV ATTGRLL--Q YIKE-ENFDC 
5:ELAVQIYEEA RKF-SYRSRV R--- PCVVYG GADIGQQIRD LER-GCHLLV ATPGRLV--D MMER-GHIGL 
6:DLALQIEAEV KKIHDMNYGL KKYACVSLVG GTDFRAAMNK HNKLRPNIVI ATPCXLI--D VLEKYSNKFF 
7:SL---MKDQV L-QANGSL M ----STQIR EQQLEVMTGC RTG-QJWLLY IAPERLMLBN FLE---HLAH 

* 0 3ir D 3y*(Io Jyo awl ryry 
8:SLGEQALGAF ED-----TRI N--- GDTFNS IFDIKGLTDK FPEDSTKIHV ATVQsLV-KR TLQSDEPMPV 

99 * 

1:KYIKMFVLDE ADEMLSR: -- iKDQ 
+ 

---1YD IFQK--LMSN --TQVVLLSA 
2:RRTTYLVLDE ADRMLDMG-- FEPQ---IRK IVDQ--IRPD --RQTLMWSA 
3:EDTRFVVLDE ADRMLDMG-- FSED---MRR IMTWV PE --WQTLMFSA 
4:RAVETLILDE ADRMLDMG-- FAQD---IEH IAGE- WR --KQTLLFSA 
5:DFCKYLVLDE ADRMLDMG-- FEPQ--- IRR IVEQDTMPPK GVRHTMMFSA 
6:RFVDYKVLDE ADRLLEIG-- FRDDLETISG ILNEKNSKSA DNIKTLLFSA 
7:WNPVLLAVDE AHCI§QWCHD FRPE---- YA ALGQLRQRFP -TLPFMALTA 

rli#fom * D ue * WIYD 
8:ARYDCIWDE ---- c -- YPLD---KEQ TEGE--LQFR --SQLDYVSA 

-28- 
-32- 
-2% 
-29- 
-28- 
-32- 
-25- 

-84- 

LEGIRQFYIN 
ILQIVDVCHD 
CSDVKQTIYE 
RKKSHQWYYR 
SENITQKWW 
HERIIxJ5wvI 
FD IRYML 

LEDDQ;SFEVA 

1:VEREEWKLDT LCDLY---ET L----TITQ- AVPFLN VDWL--T-EK MHARDFT--- ---VSAMHCD 
2:VEKDE-KLIR LMEEI---MS E ----KENK- TIVFVETKRR CDEL--T-RK MRRDGWP--- ---AMGEHGD 
3:VNKYA-KRSK LIE-I---LS E---- QADC- TIVFVETKRG ADFL--A-SF LSEXEFP--- ---TTSEHGD 
4:ADDLEHKTAL LVHLL---KQ P---- EATR- SIVFVRNRLE AVCM--SWQT GCANGIN--- ---NCYLECE 
5:VEEAD-KRSF LLDLL---NA T ----KGDSL ILVFVETKKG ADSL--E-DF LYHEGYA--- ---CTSIHGD 
6:SEKFANSIFA AVEHI ---KK QIKERDSNYK AIIFAPTVKF TSFLCSILKN EFKKDLP--- ---ILEFHGK 
7:MEKFK-PLDQ LMRYV---QE Q---- REKS- CIIYCNSRAK VEDT--A-AA LQSKGIS--- ---AAAYHAG 

I rp plffm ry 919 * * ory 
~:DFNRGLVIPA FNRAVCNELT NYLDPTCSQK TLVFCVTNAH ADHVVEELRA AFICKKYF'QLE HDAPIKITCD 

e 
l:MDQKERD-VI H-REFRSGSS R-VLITTDLL ARiIDVQQVS L;INYDL;TN RENdIHFtlb;l; GGRF 
2:KSQQERD-WV L-NEFKHGKA P-ILIATDVA SRGLDVEDVK FVINYDYPNS SEDYIWRIGR TARS 
3:RLQSQRE-QA L-RDFKNGSH K-VLIATSVA SRGLDIKNIK HVINYDMPSK IDDYVHRSCR TGCV 
4:MVQGKRN-EA I-KRLTEGRV N-VLVATDVA ARGIDIPDVS HVFNFDMPRS GDTYLHRICR TARA 
§:RSQRDRE-EA L-HQFRSGKS P-ILVATAVA ARGLDISNVK HVINFDLPSD IEEYVHFUCR TGRV 
6:ITQNKRT-SL V-KRFKKDES G-ILVCTDVG ARGMDFPNVH EVLQIGVPSE LANYIHRIGR TARS 
7:LENNVRA-DV QEQKFRDD-L Q-IWATVAF GMCINKPNVR FVVHFDIPRN IESYYQETGR AGRD 

D D IQ* 999 al u!**ff IQ 91 1 PI YI 0 
8aADKDARKVQT MITRFNKERL PNIWTvDLL TTGVDIPSIC NIVFLRKvRS RILYEQMKCA ATRL 
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csntammg protems could be dlvlded, on basts of the 
observed sequence armlarsttes, mto numerous groups of 
different ranks Each of these groups could be chasac- 
tenzcd by conservation of some additIona sequence 
motifs, besides specific forms of the two motifs constltu- 
tmg the NTP-bmdmg pattern [7] Upon screening the 
SWISSPROT data bank for smularlty to the ammo 
acid sequence of the E colt NSDB gene product (J%oK 
R subunit), conslderable snnilarlty was revealed with 
the mouse eIF-4A sequence, which is a member of the 
so- called “DEAD’ farmly of RNA and DNA hehcases 
[S,l4] Detailed sequence comparison between the R 
subumt and the ‘DEAD’ family h&cases revealed two 
segments of over 140 ammo acid residues each, display- 
mg statlstlcally slgmficant slmtlarlty (Fig 1) Of the 21 
invariant residues of the presented set of cellular prote- 
ins (one of these restdues cannot be seen m Fig 1 as It 
hes within the spacer separatmg the two stretches 
shown), 10 were fully conserved and G were replaced by 
similar residues m the endonuclease 

3.2 AN sequenced A subututs of type-l and type-III en- 
zytnes contauz the motifs specific for the hehcase 
Juperfamily II 

‘DEAD’ family 1s d subdlvlslon of the so-called heh- 
case superfamlly II whose members share 7 highly con- 
served sequence motifs [g] Thus WC searched the three 
known sequences of type-I and type-III R subunits for 
the presence of these motifs Five motifs (I, Ia, II, V and 
VI) could be readily rdentlfied m all the three sequences 
The counterparts to motif III could be confidently lden- 
tlfied only m the EcoR124/3 and .&oPl R subunit sc- 
quences, and counterpart to motif IV in that of EcoK 
(Fig 2) These results suggested that R subumts of type- 
I and type-111 R-M complex might be peripheral mem- 
bers of the hellcase superfamily II. Howevet, as wr: have 
demonstrated prcvlously that the hehcase superfamlhes 
I and II are distantly related [$I, it seemed important to 
cornpate the sequences of the R subumts to those of 
helicascs belonging to each superfamily Super posmon 
of the conserved motifs typical of the two superfamlhes 
with those found m endonucledses 1s shown in Fig. 2, 
It could be concluded that the R subunit sequcnccs 
fitted better the consensus patterns of superfamily II, 
This was particularly obvious when motifs II, III and 
VI were compared Intcrestmgly, howcvcr, m the latter 

mot$ the sequence of the Ecol24/3 R subumt encom- 
passed the remarkable replacement of the otherwise 
fully conserved throughout superfamily II Gly residue 
by Ser The signature “S/TR’ is typlsal of the respective 
segment m superfamily I (Fig 2; [16,17]) Thus the 
structure of this segment m ,!Cco124/3 might be conside- 
red mtermedlate between the two hchcasc superfamlhes 

In accord with the previous observations [3-51, and 
quite unexpectedly m view of then- functional stmllarlty, 
the R subumt sequences had little m common with each 
other, besides the conserved hehcase motifs Moreover, 
despite the more or less umform spacmg of the rnotlfs 
themselves, the relative locations of the putative hehcase 
domains encompassing them were very different in the 
three R subumts (Fig 3). Apparently, these dlsslmllar1- 
ties could accounP for the previously pubhshed erratic 
ahgnment of two R subumt sequences, m which neither 
of the hehcase motifs (unnoticed at the time) matched 
m the compared sequences [S] 

3 3 The putative lsehcase actrvrty of the R suhun~ts fnay 
be requrred for local unwinding of doubie-stranded 
DNA 

These observations allow us to hypothesize that the 
R subunits of type-1 and type-III R-M enzymes may 
possess hehcase astlvlty The most obvious role for the 
putative hehcase in restrlctlon IS local unwmdmg of 
DNA m the cleavage sites In type-1 enzymes the puta- 
tive h&case activity might also be mvolved m DNA 
translocation It IS to be noted that, although type-111 
enzymes appear to cleave DNA m the absence of ATP 
hydlolysls, this cleavage IS never complete [l], sugge- 
sting that, fol the optimal activity, the hehcasc might be 
required Type-II restrictton enzymes, which function 
separately from the respectlvc M systems, encompass 
no putative hehcase motifs (unpublished obselvatlons) 
This can be tentatively connected with the fact that the 
recognitlonlcledvagc sites for type-11 enzymes are pdlin- 
dromlc [18], whereas the cleavage sites for type-1 and 
type-111 enzymes reveal no symmetry [2] It can be 
speculated that cleavage by type-11 endonucleases oc- 
curs at transtent cross-structures m DNA, lequmng no 
local unwinding, and consequently no hehcase. Expen- 
mental search for the hehcasc actrvlty m type-l and 
type-111 R enzymes will probably shed new hght on the 
mechamsms of their dctlon 

c 
i7.g I Ahgnmcnt of E CCJ/I HsdR protan se~~ucncc with rhorc of the ‘DCAD’ Idnl~ly hcl~crl~s .uld RccQ proWi rhc ,Illgnrllclll IS composed of 
two large skctchcs, each al~pxI by program OPTAL, und scpal.ltcd by A \pdccr whcrc the xqucncc~ could not bc dligncd bccruv of dn 
dpproxmi,~~cly 58 ammo xrd rcalduc Insert in (hc HrdR protan (the numbers ofrcslducs 111 the qxcr wgmcnrs ilrc Indlcdtcd) 1 hc %zorcs fOI’CdCh 

of lhc dhgncd wqpm~s wcrc over 6 9 SD. trhrch IS mllcallvc af a gcnuinc rclationshlp ([I 3). ,Ind rcfcrcnccc therein) It hss been shown previously 
that L’ CO/I kc~ protein IS clowly rcldlcd lo the ‘DLAt)’ hchcdsc fdmily[8] dnd CXCrts bcIicdrcdc11Vily[iS] htlcri~k~ 5 dllllnO dcld rcslducr IdCWlCdl 

or wnII;Lr in HsclK dnd the proklm of ‘DEAlXtkcQ’ fdnrtly (onr cxccption ~Ilowcd). plur sign\ = Corlscrvcd rcrtducs 111 the protcms of the ldltcr 

f,milly. ,111 rcsiducs ldcnkal or =,unlldr ~1 f Id< and my al’ the other scquCnccr drr hlghhghlcd by Boldfac rhc groupmg afornino dcid rwducq 

wax 81 follows D.t,N,Q. LT. K.R: I.L.V.M.l-.C: k.Y,W 
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1 MOUSE EIF4AI 70 
2 YEAST MSS 144 
3 E.COLI SrmB 42 
4 E.C‘OLI RecQ 43 

42 
370 
36 
55 
102 
49 
39 
41 
79 
192 
? 

5 M.LUT UvrB 
6 YEAST PRP16 
4 YEAST Rad3 
8 K2P1 P4 
9 T5BP DlO 
10 VV NTPasel 
1% VV NTPase2 
12 Vzv Gp51 
13 TVMV CI 
14 YFV NS3 
15 BVDV Pl25 
Superfamily II 

Cbp?%BpISUS 

DVIAQAQSGTGKTATFAIS 11 TQALVLAPTRELAQQI 
DVIAPAKTGTGK'SFAFLIP 15 VKVIVAABTRDLALQI 
DVLgSAPTqAGKTAAYLLP 15 PRILILTPTRELAMQV 
DCLWMPTGGGKSLCYQIP 5 GLtWVsPLiSLMKDQ 
DVVLMGATGTGKSAT--tA 7 RPtLVMVqNKTLAAQL 
VVIIIGETG!XKTTQLAqD 11 KSIVVTqPRRVAAISV 
NsILEMI'SGTGKTVSL-LS 11 ~IPy~mTm$ef~K~ 
SLPVCYDvGLGKTYAAACL 8 FKVLy&mSJNs~B 
TCIINGKpGFGKTILALAL 7 QKt LYICXJESIl?.EWW 
SLLLFHETGVGKTMT-TVY 10 NWIIIILLVKKALIED~=’ 
SVLLFHImg;SGKTIIALLF 7 KKVyILVPNiNPLKIF 
VtVVRAPmGSGKTTAL-LE 9 ISVLVVseRRSFTQTL 
DIPLMGAvGSGKSTG--LP 6 G6VLLLePTRPLAENV 
TtVLDFHpGAGKTRRF-LP 10 LRtLVLAPTRVVLSEM 
FkqITLAXAGKTTE--LP 10 KRVLVLIPLRAAAESV 
+++ tg CKt * *+*++p F + 

s s k 

61 MFVLDEAd 23 
66 ykVLDEAd 3Q 
60 tLILDEAd 23 
61 LLAVDEAH 27 
261 LLVVDEsH 46 
55 CVIIDEAH 24 
148 IVPFDEAH 217 
43 LIILDEvH 23 
50 tVIVDEvX 1s 
43 CVIIDEcH 32 
48 IFIVDEAH 21 
47 VLILDEvm 27 
51 FIIFDEfH 21 
48 VIIMDEAH 23 
48 yIFLDE#f 23 

****DEah 

16 PlBP RES 7% VIdVSMETGTGKTYTYTkT 10 NKFIIIVPTlSIKAGT 98 FIIIBEpH 19 
17 E.COLI HsdR 483 EILLAMAXXGKTRTAIAM 10 KRILFLVdRRSEGEQA 59 CIVVDEAH 19 
18 IFIVPl HsdR 301 GgYIWHTTGSGKTLTSFkA 10 DKVFFVVdFXDLDYQT 57 VFIFDEcW 19 

Superfamily I 
consensus 

19 E.COLI Rep 
20 E.COLI RecB 
21 E.COLI RecD 
22 YEAST PIF 
23 YEAST RadH 
24 VZV Gp5§ 
25 BMV la 
26 TMV P126 
27 SNBV nsP2 
28 RUBV 3 
29 BNYVVl P237 
30 PVXI P166 
31 BNYVV2 P42 
32 PVX2 P25 
33 IBV 'HEL' 

16 
17 

165 
252 
29 
84 

680 

afJ s 
*** p aG GKt. 

PCLVLAGAGSGKTRVITNK 12 
ErLIEASAGTGKTFTIAAL 20 
IsVI!ZGGpGTGKTTTVAKL 12 
NIFyTGSAGTGKSILLREM 10 
GLqVTAG~T~K~VLTSR 12 
VyLISGNAGSGKSTCIQTL 3 
ISMVDGVAGCGKTTAIKDA 3 
VVLVDGVpCCGKTKEILSR 3 
TI@'IGTpG§GKSAIIKST 2 
IrVwNmAAGACKTTRILAA 2 
LeyVKGGpGTGKSFLIRSL 3 
ACVIHGAGGSGKSHAIQA 7 
VgIVLGApGVGKSTSIKNL 7 
PLVVHAVAGAGKSTALRKL 7 
RttVQGPpGSGKSHFAIGL 6 

1 

828 
181 
? 

937 
699 
128 
24 
? 

+*+* ** =b +***DE* 
RHIAAVTFTNKAAREM 146 yLLVDEyQ 19 
EELLVVTFTEAAtAEL 307 VAMIDEFQ 21 
CRIrLAAPTGKAAARL 52 VLVVDEAS 19 
ENVAVtASTGLAACNI 39 ALVVBEIS 29 
RDIIVtTFTNKAANEM 164 hVLVDEFQ 23 
IDCIILGSTRVAAQNV 116 VIVIDEAG 33 
SEdLVITANRKsAEDV 32 rLLVDEAG 18 
DEdLILVPGKQAAEMI 35 rLFIDEgL 18 
AWdLVtSGKKEnCREI 29 VLyVDEAF 19 
3EdLYVCPTNALLHEI 29 rIyIDEAF 17 
IRdLVVAPSIKLrSDy 27 IIFVDEFT 18 
5DItVVLPTNELrLDw 25 IVIFDDy§ 19 
XKMVLCLPFSQLLEGV 24 tMLVDEVT 18 
rNhtLgVPDKVsIRTr 12 FAILDEyT 9 
9RVVFtACSHAAVDAL 52 ILLVDEVS 18 1 

I IA II 

FII: 2 (for Icgcnd, xc next pngc) 
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PII PY v 

5: VVLLSATMP 56 AVIFPNTRRK 40 VLItTDLLARGIDVQQVSLVI 
2: LELFSATLD 65 AIIFAPTVKF 43 ILVCTDVgARGMDFPNVHEVL 
3: tLLFSATLE 56 sIVFVRmRLE 41 VLVATDVAARGIDPPDVSHVF 
4: FMALTATAD 52 gI1YCNSRA.K 40 IVVATVAFGMGINkPNVRFVV 
5: tVyLSATPG 45 VLVLTLTKRM 39 VLVgfNLLREGLDLPEVSLVA 
6: LIIT§ATMN 56 ILIFMTgQED 58 IIIATNIAETsLTIKGIRYVI 
7: VIITSGTPS 72 MVVFFPSYLY 50 AILLSVArGEGIDFQYgRTVL 
8: ILVITATPM 94 InAFINSIKE 71 ELLgSSVLSEsITLYRVKHLh 
9: kIgLSGTLK 31 b'LlvSDt_TE& 41 LAAAqSPFSEGISLNELSCLI 
10: MICLSA3PI 129 y~lelFKA@%wp) 109 tCVFSSSgGEGI§FFSINDIF 
11: FLLLSGSPI 159 F'kYFP!JrPQT 79 FLFsSNIMSEsyTLKEVRHIw 
12. IIAMdATVN 80 ICIFSSTLSF 34 VLVyTTVVTVGLSF-DMAHFh 
13: IIkVSATPP 43 ILVYVASYNE 40 FIVATNIIENGVTL-DVDVVV 
14. tILMTATPP 38 LAWFLPSIRA 36 FILATDIAEMGANL-CVERVL 
15: VVAMTATPA 48 MLVFVPTRNM 36 VIVATNAIE!XXTLPDLDTVI 

***r t 
YI 

++=*+t * g* * + +* 

(3 

16. IIrygATFS 142 i!LFFIDdPEG 77 FIFskWTLREGwDnPNVFQIC 6 STTSKLQEVGRgLR 433 
17. LdyVSAyRl? 121 tLVFCVTNAH 52 IVVtvDLLTTGVDIPSICNIV 6 SRILYEQMkGRAtR 243 
18: qFgFTGTP1 32 lrI..kFKVdYnrB 170 LLIVVGMFLTGFDAPTLNTLF 5 RYHGLMQAFsRtnR 342 

19: 
20: 
21: 
22, 
23: 
24. 
25: 
26: 
27: 
28: 
29: 
30. 
31: 
32: 
33: 

a 
+++*gdi g 
FTVVCDDDQ 
LLLICDPKQ 
VIFLGDRDQ 
IVCVGDFFQ 
MTPVGDPDQ 
IVCVGsPTQ 
VLAFGDTEQ 
AyVflDTQQ 
VVLCCDPMQ 
VICVGDRDQ 
IyLVGDEQQ 
VILTGBSRQ 
VICFGDPAQ 
qALFADPYQ 
VVyVCDPAQ 

* a 
24 VIKLEQNYBS 272 
22 HYTLDTNWRS 286 
40 TGTeAASLRD 183 
27 TIMLQKVFRQ 280 
25 TIILVENYRS 329 
42 WAIFINNKRC 463 
21 RDVVHKTYRC 80 
23 VETrRTTLRC 64 
23 TFYkYISRRC 60 
18 TERsRHTWRF 52 
22 THVpIMNFRN 63 
26 RYYLNATHRN 48 
16 IAECYASRRF 58 
9 FY-LETSFRV 54 

29 DIFLAKCYRC 86 

s 
* *+t+ qG+ + v ‘I=*+ 

VQLMTLHASkGLEFPYVYMVg 
VQIVTIHKSkGLEYPLVWLpF 
tWAMTVHKS EFDHaALIL 
AWsLSIHKS TLPKVKVdL 
VTIsTIHGA EWPVVFIpg 
kLA&iTIARSQGLSLEKVAICF 

hEVMTAAASQGLTrKGVYAVr 
IRAyTVREAQ6MSVGTaCIhV 
VSktTVRANQGsTYDNVVLpV 

IEsIEYSDAhGqTYDVVTIIL 
VEFVkPCQVtGLEFKVVTVVs 
LNVqTVDSSQGsEYDYVIFCV 

6 
6 
6 
6 
11 
24 
36 
6 
6 
6 
6 
13 
26 
27 
30 

19 
41 
8 
4 

49 
5 
ICI 
11 
11 
11 
9 
7 
10 
7 
8 
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VI 

NRENYIhRIGRgGR 
E!.duJYImEGRtAR 
SGDTYLhRIGRtI 
NIESYYQETGRAGR 
STTSLIQTIGRAAR 
SKANADQRsGRAGR 
AMRHAAQCLGRV1R 
NYGQ1KQSJGRAi.R 
NESLIEQLAGRVqR 
NEASLRQIVGRASR 
TFSQYNQILGRslR 
DMVSVYQSLGRVrI 
SLGERIQRFGRVGR 
SASSAAQRrGRIGR 
TVGEQAQRrGRVGR 

q *Gregg 
a 

f&tk 
*+yva+sRa 

ERRLAYVGITRAQK 
DLRLLY-VALTRsVW 
TRELVYLAV 
EKGqAYVAL 
~~MF~VAq~Y 
RLNsVYvAM%WtVS 
H~~yC~VAL~~ 
DSPhVBVALSRRTC 
TSEhVdJILTRtED 
TRDLAiVsLTRA§D 
SAELnPVALSRhRN 
SANVMYLALSRATD 
DPNVraVIL 
QSTAFYtiITRsK- 
NINrFnVALTRAKR 

41 
195 
103 
279 
129 
380 
107 
201 
59 
I.51 
180 
466 
276 
156 
? 

3% 
369 
33 
117 
447 
36 
15 
30 
37% 
? 
926 
502 
30 
9 
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FIB 2 Conwvcd motifs m the hchcdsc superfdmilics 1 dnd I1 . . and m the R subumts of typr-I x~rl type-III R-M cnzvmes For the sake ofcldrny, 
only Icplescntdtive smpltngs of the sequences of superfdmlhcs I dnd II wcrc mcluded The conserved segments dre dcslgndted I to VI nccordlng 
to [8] The numbcls of dmmo dad residues between the segments. and those between rhe ahgned rcglons dnd the protem tcrmml dre mdlcdtcd 
The conwnsus rcslducs dcfincd ds in (81 Jrc mdwtcd, the Icspcctwc posn~ons m dll scqucnccs arc hIghlIghted by boldfdce, and the devlauons from 
the consensus JIG 5how1i m IOWCI Cd% plus slgnp = conserved hydrophobic rcslducs The scgmcnts that hdVC been only tcntdtwcly ldcntnled with 

the rcspcctwc moufs ‘lrc lnghhghtcd by nahcs 
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