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ABSTRACT. The Sfil restriction enzyme binds to DNA as a tetramer holding two usually distant DNA
recognition sites together before cleavage of the four DNA strands. To elucidate structural properties of
the Sfi-DNA complex, atomic force microscopy (AFM) imaging of the complexes under noncleaving
conditions (C&" instead of M@* in the reaction buffer) was performed. Intramolecular complexes formed
by protein interaction between two binding sites in one DNA molecule (cis interaction) as well as complexes
formed by the interaction of two sites in different molecules (trans interaction) were analyzed. Complexes
were identified unambiguously by the presence of a tall spherical blob at the DNA intersections. To
characterize the path of DNA within the complex, the angles between the DNA helices in the proximity
of the complex were systematically analyzed. All the data show clear-cut bimodal distributions centered
around peak values corresponding t6 @dd 120. To unambiguously distinguish between the crossed
and bent models for the DNA orientation within the complex, DNA molecules with different arm lengths
flanking the Sfil binding site were designed. The analysis of the AFM images for complexes of this type
led to the conclusion that the DNA recognition sites within the complex are crossed. The anglés of 60
or 120" between the DNA helices correspond to a complex in which one of the helices is flipped with
respect to the orientation of the other. Complexes formed by five different recognition sequeénces (5
GGCCNNNNNGGCC-3, with different central base pairs, were also analyzed. Our results showed that
complexes containing the two possible orientations of the helices were formed almost equally. This suggests
no preferential orientation of the DNA cognate site within the complex, suggesting that the central part
of the DNA binding site does not form strong sequence specific contacts with the protein.

Restriction enzyme Sfil belongs to a family of type Il interacting sites for the intramolecular than for the intermo-
restriction endonucleases that bind simultaneously and cutlecular situation 1, 6). Looped DNA structures are formed
two cognate sites (type IIf, e.g., réfand references therein). when the recognition sites are in cis; the protein can
A few type lIf enzymes have been analyzed (Bse634l, efficiently cut sites separated by as few as 104 Bp8j
Cfr10l, NgoMIV, Nael, and Sfil), and some details of their with substantially higher affinity for supercoiled DNA
mechanisms of action have been revealed. Sfil has beensubstrates in the case of short distances between the regions.
studied extensively by Halford and co-workers [a recent However, there are no data on the SIDNA complex
paper R) and references therein]. Crystallographic data have structure, so the organization of the two DNA regions within

been obtained for Bse6343), NgoMIV (4), and Cfr10I b). the protein-DNA complex is not known. Although the
Sfil binds as a homotetramer to two recognition sites on DNA sequences at the ends of the recognition region are palin-
duplexes at the recognition sequenc&&SCCNNNNANGG- dromic, the middle region need not be symmetric. Therefore,

CC-3 (N denotes any base andmarks a cleavage position) the questions of whether the regions are oriented in a
prior to cleavage®). The recognition regions can be in one particular way, or whether a DNA orientation preference
DNA molecule or in two different molecules (cis and trans exists within the binding regions of the protein tetramer, also
binding modes). The reaction rate is greater for the cis moderemain unanswered. These questions are addressed in this
because of the higher effective local concentration of the paper.
We applied atomic force microscopy (AFMip directly
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AFM Analysis of the Sfi-FDNA Complex

of 60° and the two different relative orientations of the
recognition sites are equally populated in the SBINA
complexes.

EXPERIMENTAL PROCEDURES

Materials.Restriction enzymes Sfil, Nspl, and HindlIl are
from New England Biolabs (Beverly, MA). The concentra-
tion of Sfil was determined by densitometric scanning of
SDS-PAGE gels stained with Coomassie Blue after the
electrophoretic runs of commercial Sfil against known
quantities of bovine serum albumif)(

DNA Design and ManipulationsPlasmids pEOZ200,
pEOF353, and pEOF504 are derivatives of the pUC8 plasmid
with two Sfil recognition sites introduced by site-directed
mutagenesis. Briefly, to introduce the first Sfil site, the entire
pUC8 was PCR amplified with two overlapping outward-
directed primers containing the Sfil sequence. After Sfil
digestion, the linear plasmid with the Sfil sticky ends was
circularized with T4 DNA ligase. The new plasmid, with
one Sfil site, was PCR amplified with two other overlapping
primers containing a Sfil sequence, in which the five central
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Fragment “O”

o1 02 03
156 g5 504 s4 193 bp
Fragment “P”

Pt P2 P
257 g1 200 gp  291bp

Fragment “M”
M1 M2

129 g1 257 bp
Fragment “L”
L1 L2
184 g3 307 bp

Ficure 1: Design of DNA fragments used in this paper. The Sfil
recognition sites are indicated with open rectangles. The-aita

and intersite distances are given in base pairs. DNA fragments are
obtained from plasmids pEO200, pEOF353, and pEOF504 which
are derivatives of the pUC8 plasmid with Sfil recognition sites
introduced by site-directed mutagenesis.

of 2 M Tris-HCI, and the complex was purified by filtration
through a UFC7 Millipore column. The filtrate was collected
in 20 uL of reaction buffer, and 23 uL was deposited onto

base pairs were selected to match the Xhol sequence. Afte/APS mica.

Xhol digestion, the linear plasmid that had the Xhol sticky
ends adjacent to the two Sfil half-sites was circularized.
Sequences of the Sfil recognition sites (underlined) are
listed: plasmid pEO200 (siteS1, 5-TTGGCCACCCCG-
GCCTT-3, andS2 5-TCGGCCTCGAGGGCCTC-3are
separated by 200 bp), plasmid pEOF353 (Si&% 5-
GTGGCCTTGTGGGCCGA-3 and S4, 5-GGGGCCTC-
GAGGGCCAT-3, are separated by 353 bp), and plasmid
pEOF504 (site$S5 5-CCGGCCGCGTTGGCCGA-3and
S4,5-GGGGCCTCGAGGGCCAT-3are separated by 504
bp).

Linear DNA fragments with two Sfil sites were obtained
by digestion of the plasmid with Nspl endonuclease as
recommended by the supplier. Double digestion of the
plasmid with Nspl and HindlIll releases two DNA fragments
with one Sfil recognition site per fragment. Reactions were
carried out as follows: 34 ug of plasmid in 50uL of
NEBuffer2 (provided by the supplier) first was incubated
with 10 units of Hindlll far 1 h atroom temperature, and
then 5 units of Nspl was admixed in the reaction volume,
followed by the second incubation rfdl h at 37 °C.
Restriction fragments were purified from a 1.8% agarose gel

Atomic Force MicroscopyProcedures for mica modifica-
tion with 1-(3-aminopropyl)silatrane (APS-mica), the sample
preparation, and imaging have been described previously
(20). Briefly, APS-mica was prepared by treatment of freshly
cleaved mica with a 164M water solution of APS. DNA
samples (35 uL) were placed onto APS-mica for 2 min;
then the sample was rinsed with deionized water (Labconco
Co., Kansas City, MO) and dried with argon. Images were
acquired in air using a MultiMode SPM NanoScope IV
system (Veeco/Digital Instruments, Santa Barbara, CA)
operating in tapping mode. Tapping Mode Etched Silicon
Probes (TESP; Veeco/Digital Instruments, Inc.) with a spring
constant o~42 N/m and a resonant frequency-e820 kHz
were used. Image processing and the cross-section, contour
length, and angle measurements were performed using
Femtoscan (Advanced Technologies Center, Moscow, Rus-
sia).

Data AnalysisThe size of the protein in the complex was
obtained from the volume datall). The complex was
approximated by a hemisphere with a diameter measured at
half-maximal height of the protein measured from the cross-
section analysis1@). Streptavidin-DNA complexes were

using the QIAquick gel extraction kit (Qiagen Inc., Valencia, US€d for the conversion of the volume data into the protein

CA), ethanol precipitated, and diluted in HE buffer [10 mM  SiZ€ Using the volumg value for the streptavidin tetramer (60

HEPES and 1 mM EDTA (pH 7.5)]. The DNA concentration KD&) bound to a biotin-labeled DNALE, 14).

was determined by absorption at 260 nm using the NanoDrop Angles between DNA duplexes at the crossovers decorated

DE). The complete set of DNA fragments studied in this Procedure. A 10 nm long DNA segment (an almost straight
work is shown in Figure 1. section of a DNA filament) just outside the complex was

; . ; ; d for the angle measuremeni$)( A line was drawn
Preparation of SfirDNA ComplexesA typical reaction use . ;
mixture contained a 1:1 ratio of the protein tetramer per over the middle of the DNA filament, and the angle between

recognition site: 60 fmol of Sfil tetramer and 60 fmol of E:r?lrrespondlng? Ilnesthwastmgasgred as ??ﬁwn n F'g”rz %ﬁ
DNA fragment (with one recognition site) in 10L of € mean values, the standard efror of tneé mean, and the

reaction buffer A [10 mM HEPES (pH 7.5), 50 mM NaCl, number of measured molecules are given in the histograms
2 mM CaCh, 0.1 mM EDTA, and 1 mM DTT]. The mixture ~ @nd tables.

was incubated for 15 min at room temperature followed by
mixing with 10uL of 0.5% glutaraldehyde [1:1 ratio (v/v)]
to cross-link the complex. After cross-linking was carried
out for 5 min, the reaction was terminated by addinglL1

RESULTS AND DISCUSSION

DNA Design DNA fragments used in this paper (Figure
1) were obtained by cutting out a selected DNA section from
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Ficure 2: AFM images and results of AFM analysis for the Sfil complex in cis with fragment O. (a) AFM image of the 560 500

nm area with six molecules in the field. A model of the DNA fragment is shown below the image. All molecules on the image have a loop.

(b) Histograms of contour length (short arm O1, red; long arm O3, green; and a circumference of the loop O2, blue). (c) Histogram of Sfil
volume measurements. The height and diameter at a half-maximal height were obtained from cross-section analysis, and the protein shape
was approximated by a hemisphere to calculate the voldr®)e To convert the Sfil volume data into protein size, the streptavi@iNA

complex was used as a standard with the volume value for the streptavidin tetramer (60 kDa) bound to a biotin-label&8 DNA()

Scheme illustrating the procedure for measurement of the @&@dletween DNA strands in which 10 nm long DNA segments (an almost
straight section of DNA) just outside the complex were used for angle measurem®n{g) Histogram of the angles between DNA arms

outside the loop. (f) Histogram of the angles between DNA strands inside the loop.

V.ariouls plasmids. Fragmer)ts O and P contained two recogni-taple 1: Data for Angles between DNA Strands in the Cis Type of
tion sites per fragment with 504 and 200 bp between the Sfil—-DNA Comple»
sites, respectively, and fragments M and L containined one complex angle between  angleinside  no. of complexes

recognition site per fragment. The distances between the ends type arms (deg) the loop (deg) analyzed )
of the molecules_, and the closest protein bindi_ng site (_terme.d 0. cis 50+ 2 (49%) 58+ 2 (48%) 559
arms) and the distances between two recognition regions (in 117+ 2 (51%) 117+ 2 (52%)
base pairs) are indicated for each fragment. P, cis 65+ 3 (44%) 64+ 2 (57%) 61
AFM Analysis of cis-SfitDNA Complexes The Sfil 125+4(56%) 116+ 1 (43%)
complexes were obtained in reaction buffer containing 2 mM 2 Relative occurrences of conformations with acute or obtuse angles
CaCb instead of MgCJ to prevent DNA cleavagelf). Sfil between specific DNA helices for each construct are given in

complexes with fragment O are shown in Figure 2a. All DNA Parentheses.
molecules on this image have clear-cut looped morphology
with a bright spot at the crossover. The looped DNA number of synaptic type complexes. The histogram for the
structures were the predominant morphologies for this type volume measurements (Figure 2c) provides a mean value of
of complex, and they comprised 85% of the DNA molecules 238+ 8 nn? (N = 136). We used our AFM data obtained
that were observed. Other morphologies observed were nakedor the streptavidin tetramer (60 kDa) bound to biotinylated
DNA (12%), a complex of protein bound to one recognition sites on DNA (.3) to convert the Sfil volume into molecular
site on the DNA fragment{2%), and a trans type complex mass. Using the streptavidin tetramer volume (122)nthe
with Sfil bound to two DNA fragments~1%). For the calculated molecular mass of Sfil in complex with DNA is
looped structures, the data for measurements of the arml17 kDa, which is very close to the expected mass of a
length and the circumferences of the loop are given in Figure protein tetramer (124 kDa)6( 17). This finding suggests
2b. The measured arm lengths were 52.0.7 and 64.3t that the tetramer organization of the protein remains un-
1.0 nm, and the loop size was 18%71.5 nm (N = 80). changed upon preparation of the sample for AFM.
These numbers are in a good agreement with expected values Images of the molecules in Figure 2a show that the angle
53, 66, and 171 nm, respectively, calculated from the between the same DNA helices varied. For example,
sequence data using parameters for B-DNA (0.34 nm permolecules 4 and 5 have an acute angle between DNA arms,
base pair), suggesting that specific synaptic complexeswhereas a similar angle for molecules 2 and 6 is obtuse,
formed with high efficiency. suggesting that the DNA helices can be oriented differently
To estimate the size of Sfil in the complex with DNA, within the complex. DNA segments adjacent to the protein
we measured the volumes of the protein particles for a large 10 nm in length (these are normally almost straight sections
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Ficure 3: Sfil complex with fragment M. AFM image (a) and histograms for the angle between short arms (b) and long arms (c). The
model of the DNA fragment is shown under the image.
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Ficure 4: Models of the possible arrangements of DNA strands in the synaptic[3fA complex. (a) Models for the cis type complex
with the uncrossed (left) and crossed (center) orientations of the strands. (b) Models for the arrangement of two M fragments within a
synaptic complex for uncrossed (left) and crossed DNA strands (center).

of a DNA filament) were used for angle measurements (see(ca. 60) and an obtuse angle (ca. P2(etween DNA
schematics in Figure 2d). The data for the angles inside andhelices are relatively equally represented.

outside the loops are given in panels e and f of Figure 2, AEM Analysis of trans-SfitDNA Complexedn addition
respectively. Both data sets show a bimodal angle distribution g ¢js complexes, we analyzed the geometry of DNA within
with mean values in subpopulations of 592° and 117+ trans complexes which are formed by two DNA fragments
2° for the angles inside the loop and 582° and 117+ 2° with one recognition region per fragment. The image of Sfil
for angles between DNA arms outside the loop. The numbers complexes formed by fragment M is shown in Figure 3a.
of molecules with acute and obtuse angle values measuredrygns type complexes of Sfil with two DNA molecules
inside and outside of the loop are quite similar (49 and 48% comprised 99% of the complexes that were observed. The
for the acute angle vs 51 and 52% for the obtuse angle, sfij—DNA complexes containing only one DNA fragment
respectively). were very rare €1%). The complexes have a symmetric
Similar analysis was performed for fragment “P” with a structure with a protein bound to a specific position ap-
200 bp distance between the recognition sites. The valuesproximately one-third from one end of the DNA fragment.
of the angles within the loop and between the arms were 64 As for observations for cis type complexes, we found that
+ 2° (57%) and 116t 1° (43%) for the intraloop and 6% the angles between the short and long arms varied. Two
3° (44%) and 125t 5° (56%) for the interarm measurements, molecules in the image (Figure 3a) have acute angles,
respectively. These angles are very close to those obtainedvhereas two other have obtuse angles between similar-length
for the larger loop design, as are the population distributions DNA arms. The results of the angle measurements for short
of the two conformational states. The data for angle and long arms are shown as histograms in panels b and c¢ of
measurements with the cis type of the complex are sum-Figure 3, respectively. As for the cis type SfIDNA
marized in Table 1. These data suggest that two distinctcomplexes, a clear bimodal distribution centered around
relative orientations for DNA strands within the Sfil tetramer ~60° and ~120° was observed. The populations of mol-
are possible. Importantly, the orientations with an acute angleecules with acute and obtuse angles were almost equal. They
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a

Fragment "M" Fragment “L" Table 2: Data for Angles between DNA Strands in the Trans Type
M1 M2 L1 L2 of Sfil—DNA Complex
129 257 bp complex  angle between angle between no. of molecules
type short arms (deg) long arms (deg) analyzed i)
MM, trans 62+ 1 (47%) 63+ 2 (45%) 132
116+ 1 (53%) 119+ 2 (55%)
LL, trans 64+ 1 (67%) 61+ 3 (56%) 83
130+ 1 (33%) 127+ 3 (44%)
ML, trans 63+ 2 (54%) 58+ 2 (53%) 105

Lushnikov et al.

115+ 1 (46%)

119+ 2 (47%)

a Relative occurrences of conformations with acute or obtuse angles
for each construct are given in parentheses.

to distinguish between these. Images of heterocomplexes
(ML) are shown in Figure 5b. Like the data described in the
previous sections, these images reveal two classes of
protein—DNA complexes: complexes with an obtuse angle
between the short DNA arms (L1 and M1) (top row) and
those with an acute angle between the short arms (bottom
row). The statistics for the angle measurements between the
short and long arms in the heterodimer ML are given in
Figure 5c,d. As for the cis complex, the distribution is
bimodal with mean values of 68 2° and 115+ 1° for the
angle between the shorts arms and$5&° and 119+ 2°

for the angle between the long arni$=€ 105). The fractions

Al= B3+ 2deg
o] AZ=115+1deg d
20+ N=105 20

Al= 58+2deg
A2 =119+ 2 deg
N =105

Number of Molecules
=
=
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Ficure 5: (a) Models of DNA fragments. (b) Selected AFM images

)~ : of molecules with the acute or obtuse angles are ap-
?ggﬁ]x‘l{;y(ﬁ)ve, ;?]rgpg.x 2f;esm&lle da% S,\f,'llzw'g:]slvff 'gﬁ(rjerll_tzmgﬁa proximately equal. This observation is also fully consistent

assigned according to their length measurements. (c and d)With the results shown above. The angle measurements were
Histograms of the angles between the short arms M1 and L1 andperformed for homocomplexes LL and MM as well. A
the long arms M2 and L2, respectively. complete set of data for the angle measurements in all trans

complexes is given in Table 2. In summary, these measure-
were 47 and 53% for the angle between the short DNA arms ments are consistent with the bimodal distribution for the
and 45 and 55% for the angle between the long arms, interarm angles and relatively equal distribution of both types
respectively. of complexes.

Model of the Synaptic CompleXAlthough the data Importantly, the data for DNA fragments with different
obtained clearly indicate the existence of two types ofSfil  lengths and different positions of the recognition site in trans
DNA synaptic complexes, they cannot distinguish between (ML heterocomplex) allow us to distinguish between the
two different models for the DNA path in the complex. In  crossed or bent models. Indeed, each arm of the ML
one model for the cis complex, shown schematically in heterodimers was identified by length measurements. The
Figure 4a (left), DNA is severely bent, whereas an alternative images in Figure 5b show molecules with an unambiguous
model (Figure 4a, center), in which the DNA helices cross alternating order of arms of different lengths (mixed orienta-
each other, does not require such a bend. The same ambiguityion), e.g., MEL2—M2—L1 for molecule 1 and M*L1—
arises for the MM trans type complex as shown in Figure M2—L2 for molecule 3 in the top row. These data support
4b. The path inside the synaptic complex of DNA helices the crossed orientation model of the DNA helices within the
for identical molecules (indicated as M and eannot be Sfil—DNA complex (Figure 4b, middle), as this pattern
determined unambiguously by AFM. Indeed, as for the would not be expected for the bent model.
schematics for the cis complex, the left model in Figure 4b  \we found that 80% of all ML type complexes have this
corresponds to the arrangement of uncrossed DNA helicesajternating pattern of arm orientation. Another 20% of
with an M1-ml-m2-M2 pattern of arm arrangement molecules represent equally two types of complexes;M1
(clockwise), and the MEm1-M2—m2 arrangement (Figure  p2—L1—L2 and M1-M2—L2—L1, that can be assigned to
4b, center) corresponds to the model with crossed helices. the uncrossed model in Figure 4b. We suggest a possible
Note that the lengths of the DNA helices beyond the protein explanation for the appearance of the two types of AFM
contour (shown as a circle) are identical in the two models jmages of the heterocomplexes and for the finding that the
and that AFM images, as shown at the right, cannot complex with a crossed orientation of the arms prevails over
distinguish between them. the alternative orientation. We should take into consideration

To resolve this problem and ascertain which of the two the three-dimensionality of the synaptic complex formed by
models is correct, we analyzed synaptic complexes formeda large protein tetramer and consider different projections
by two fragments with significantly different lengths (386 of the complex on a plane that are good approximations for
bp, fragment M, and 491 bp, fragment L; see Figure 5a). flat AFM images. Let us, for simplicity, approximate the
The use of two different DNA substrates should result in a protein as a cylinder with DNA bound to the top and bottom
mixture of synaptic homocomplexes (MM and LL) and a sides of the cylinder (Figure 6). The DNA helices, according
heterocomplex (ML). We used contour length measurementsto our data, are crossed at & &hgle; therefore, we arrange

o_
150 18C O 30 60 a0 120 150 180
Angle, deg
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M1 L1 M2 L1

L2 M2 L2
L1 M1 L1
L2 M2 L2 M1

Ficure 6: Three-dimensional models for SiDNA complexes
with DNA fragments M and L. The protein is shown as a thick
disk with DNA bound to the both sides of the disk. In the top row,
an acute angle between short arms L1 and M1 is shown on the left
in which the DNA “binding” planes are parallel to the surface plane.
The same orientation of the complex relative to the plane, but with
the orientation of the fragment M flipped (top right), exhibits an
obtuse angle between arms L1 and M1. The bottom row shows the
orientation of the top complexes in a way that the cylinder’s planes
(the DNA “binding” planes) are perpendicular to the surface plane.

the DNA helices on the top and bottom planes of the cylinder
according to the crossed model and consider two relative
orientations of the DNA helices, MiL1-M2—L2 and M1-
L2—M2—L1 (Figure 6, top). If this complex approaches the
surface with any of its cylinder sides, we will obtain the
projections with the alternating orientation of the arms, i.e.,
M1-L1-M2-L2 and M1-L2—M2—L1. However, if we
consider a projection in which the sides of the cylinder are
perpendicular to the plane (9@otation, Figure 6, bottom),
the DNA duplexes will be parallel and the arms can adopt
the L1-M1—M2—L2 or L1-M2—M1—L2 orientation when
the molecule flattens on the plane. Given the relatively high
rigidity of the DNA helix, these projections will be less
favorable. This prediction is consistent with our results
supporting the model with a crossed orientation of the duplex
for the Sfil-DNA complex. We cannot exclude the pos-
sibility that the DNA helices within the complex are distorted
in such a way that they are not straight. This distortion will
lead to additional nonplanar geometry in the complex that
in turn may facilitate the formation of projections of the arms
in an L1-M2—M1-L2 arrangement. In addition, we cannot
formally exclude the possibility that drying of the sample
during the 2 min following deposition will also increase the
yield of complexes in this orientation.

What is the reason for the bimodal distribution of the angle
between the arms? Is this due to the existence of two different
conformations of the Sfil tetramer? We found that the
bimodal character of the angle distribution is a general
property of the complex regardless of the type of complex
(cis or trans) or the sequence in the center of the recognition
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the spacer 18). If two recognition slots on the protein
surfaces crossed at a fixed angle€ ,gdsimple change in the
relative orientation of the DNA helices will change the
interarm angle from 60to 120 (Figure 6, top schemes).
Therefore, the change in the helix orientation will lead to a
bimodal angle distribution as observed experimentally. The
protein recognition sequence for Sfil has the dyad symmetry
only at the flanks; therefore, our data suggest that the middle
part of the DNA binding region (at least for the sequences
studied in this work) is not essential for the recognition, and
very likely plays primarily the role of a spacer required to
keep the GGCC/CCGG flanks at a specific distance.

An interesting prediction from the proposed model for the
Sfil—DNA complex can be drawn for the cis type of synaptic
complex. The flip between 680and 120 orientations can
also change the shape of DNA loop in cases when the loop
size is relatively small and comparable with DNA persistence
length. In the case of the acute orientation of the helices,
the loop is elongated along one axis. In the alternative
orientation with the obtuse angle, the loop is deformed along
a perpendicular axis making it wider. The difference in loop
shape can affect the mobility of the complex in the gel.
Indeed, two types of looped DNASfil complexes with
different gel mobilities have been observes). (However,
we cannot exclude the possibility that a change in DNA
topology can also contribute to the gel mobility of the two
conformers as discussed previousdy.

Given a homotetramer composition of Sfil within the
functional complex with DNA, the finding that the DNA
helices are arranged at a°6@ther than orthogonal angle is
seemingly counterintuitive. Indeed, the orthogonal orientation
of DNA helices was assumed previous8).(However, from
crystallographic data available for three type IIf restriction
enzymes, Bse63413), Cfrl (5), and NgoMIV @), the
orientations of the monomer units within the tetramer are
far from being orthogonal, suggesting that DNA helices can
be arranged in a nonorthogonal orientation as well. Moreover,
Deibert et al. 4) recently showed that inside the NgoMIV
complex the DNA helices are bound to two distant protein
binding clefts located at the protein surface with a relative
orientation of the helices of ca. &0The coincidence of the
orientation pattern for this protein and Sfil is remarkable.
Although both proteins operate as tetramers, the recognition
site for NgoMIV (5-GCCGGC-3) is much shorter than that
of Sfil. Moreover, unlike NgoMIV that binds to a continuous
hexameric site, the recognition site for Sfil conwi 5 bp
spacer, the sequence of which is not essential for the
recognition, suggesting loose contacts, if any, between the
protein moieties and the DNA bases in the middle part of
the DNA cognate site. Additional structural studies of these
proteins are needed to elucidate the mechanisms of their
actions and their mechanistic similarities and differences.
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region. Therefore, this observation can be explained assumingor stimulating discussion about the data and the critical

that recognition of the GGGG - - -GGCC inverted repeats
within the binding site is important in complex formation.
This assumption is supported by the observation that the
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