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Abstract – Activation-induced cytidine deaminase (AID) starts immunizer broadening procedures by 

deaminating immunoglobulin groupings. Since translation of target genes is needed for deamination in 

vivo and AID solely transforms single-stranded DNA (ssDNA) in vitro, AID has been proposed to 

transform interpretation bubbles. On the other hand, since ssDNA created by interpretation can gather 

different structures, it is unfamiliar which of the aforementioned are focused in vivo. Here we analyze the 

enzymatic and tying lands of AID for diverse DNA structures. We report that AID has insignificant action 

on stem-circle structures and specially deaminates five-nucleotide bubbles. We thought about AID action 

on cytidines set at different removes from the single-stranded/double-stranded DNA intersection of air 

pocket substrates and discovered that the optimal target comprises of a solitary-stranded NWRCN theme. 

We moreover show that heightened-natural inclination tying is needed for yet does not indispensably 

accelerate powerful deamination. Utilizing nucleotide analogues, we indicate that AID's WRC inclination 

(W = An or T; R = An or G) includes the distinguishment of a purine in the R position and that the 

carbonyl or amino side chains of guanosine adversely impact specificity at the W position. Our outcomes 

show that AID is liable to target short-tract locales of ssDNA generated by interpretation prolongation and 

that it needs a completely single-stranded WRC theme. 

---------------------------♦----------------------------- 
 

INTRODUCTION 

Substantial hypermutation and Class Switch 
Recombination (CSR) are normal for the optional 
invulnerable reaction. Physical hypermutation, CSR, 
and immunoglobulin gene transformation all need the 
catalyst initiation-incited cytidine deaminase (AID). AID 
presumable launchs the aforementioned courses of 
action by deaminating cytidine to uridine solely inside 
Single-Stranded DNA (ssDNA) areas (. In spite of the 
numerous developments made throughout the final 
few years in the field of counter acting agent 
broadening, numerous inquiries still exist noticing the 
regulation and biochemical instrument of AID, 
specifically its target determination.  

AID action is accepted to be managed through 
connection with cofactors and through 
posttranslational change. Furthermore, the 
fundamental enzymatic lands of AID itself are likewise 
urgent determinants of its movement. To start with, we 
and others discovered that filtered AID specially 
changes cytidines in WRC themes (W is An or T; R is 
An or G). Discoveries that CSR breakpoints happen at 
WRC themes and that this specificity is quite saved 
contend that the grouping inclination innate to AID 
plays a huge biotic part. Second, AID deaminates 
ssDNA processively in vitro, and confirm for this sort 

of action has been reported for mice. Third, we not 
long ago indicated that AID ties single-stranded or 
bubble-sort DNA substrates with heightened natural 
inclination and a long half-life, independent of 
nucleotide succession.  

The component that targets AID to immunoglobulin 
(Ig) genes is not known. Even though cis-acting 
groupings that live inside the Ig locus have long been 
suspected to exist, information in backing of this 
thought are at present inadequate. Later 
infrastructures have prescribed that proteins that tie 
to e-box themes or the Ig promoter itself encourage 
confine AID to Ig groupings. To be sure, it has been 
generally recorded that AID-produced transformation 
rates connect with the transcriptional rate of target 
genes and that translated Double-Stranded DNA 
(dsDNA) is liable to AID movement in Escherichia 
coli, in mammalian cell lines, and in vitro. In spite of 
this solid correspondence with translation, the exact 
nature of the in vivo AID substrate is obscure. It has 
been hypothesized that AID enactments 
straightforwardly on the ssDNA of translation air 
pockets or on R-circles framed between as far back 
as anyone can remember-existed RNA-DNA 
mixtures. In backing of this thought, deoxyuridines 
have been accounted for to be produced specially in 
the nontranscribed strand, as might be expected 
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because of the "security" offered by the beginning 
RNA strand. Nonetheless, different gatherings 
discover that both strands are give or take 
transformed correspondingly in vivo and in vitro. 
Diversely, positive supercoiling affected downstream 
of the transcriptional apparatus can create stem-circle 
or G4 DNA structures, while negative supercoiling 
affected upstream of the RNA polymerase can 
additionally create neighborhood unwinding of the 
DNA, making ssDNA structures. In this way, since 
interpretation can produce numerous DNA structures, 
it is not clear which of the aforementioned are the in 
vivo focuses of AID. Moreover, the structural 
necessities of WRC specificity have not been 
examined in portion. Case in point, while it is realized 
that AID transforms cytidines in ssDNA, it is not known 
if just the cytidine or the whole WRC theme is obliged 
to be single-stranded to be deaminated by AID. This 
qualification is especially vital, since some DNA tying 
proteins display nucleotide grouping specificity in the 
setting of dsDNA while others do so on ssDNA (e.g., 
NF-GMb and H16). To address the aforementioned 
issues, we measured the reactant inclination and tying 
energy of AID for different DNA structures. 

ENZYME DIGESTION  

To confirm the double-stranded nature of the triangle 
prism, enzyme digestion using Mung Bean nuclease 
was conducted. To ensure the enzyme activity and to 
determine the optimal conditions under which single-
stranded DNA can be completely digested, the single-
stranded DNA before annealing was digested by 
different amounts of Mung Bean nuclease. Two 
picomoles of DNA were added into 1× Mung Bean 
reaction buffer (300 mM sodium acetate (pH 4.6), 500 
mM NaCl, 10 mM zinc acetate and 0.1% Triton X-100) 
with 0.5, 1.0 units of Mung Bean nucleaseand 
incubated at 37 °C for 1 hour. The mixture of the 
single-stranded DNA before and after annealing was 
analyzed by Mung Bean nuclease under the same 
enzymatic digestion. Two picomoles of DNA were 
digested by 1.0 units of enzyme in 15 μL of 1× Mung 
Bean reaction buffer at 37 °C for 1 hour. The digested 
products were analyzed by native 12% PAGE in 
1×TAE/Mg2+ buffer. 

STM IMAGING  

All the STM experiments were carried out with 
constant current mode (bias voltage V= +3.0 V, 
tunneling current I = 0.02 nA.) at 77 K using a 
commercial ultra-high-vacuum low-temperature (UHV 
LT-STM) system (Omicron Nanotechnology). Under 
such extreme conditions, the disturbances occurred in 
ambient STM, e.g., dust contamination, moist, thermal 
fluctuation or tip instability caused artifacts are greatly 
minimized. In recent years, several groups have 
demonstrated that UHV LT-STM can be used to verify 
the structures of biological systems.S1-S3 It is 
worthwhile to compare STM with cryo-electron 
microscopy (cryo-EM) technique. The later one 
detects electron beam signal transmitted through a 3D 

object at a specific projection. Because of the low 
contrast of biological spices and the low-level electron 
does in order to minimize the radiation damage, the 
signal-to-noise ratio of the resulting images is very 
low, so that multiple copies of a structure must be 
averaged.S4-S5 In contrast, STM reveals the 
topography of 3D objects adsorbed on a substrate 
with appreciable signal-to-noise ratio. As the objects 
frequently adsorb in different configuration or 
conformation, averaging STM data will result in 
distorted topography. So, we do not average the STM 
data.  

The substrate used in our study was gold film coated 
on mica and cleaned by sputtering of Ar+ and post 
annealing treatment. A 1 μL drop of DNA sample with 
a typical concentration of 20 nM was injected onto the 
Au (111) surface in N2 atmosphere which was quickly 
pumped away afterwards. Small current (0.02 nA) 
and high bias voltage (+3.0 V) were applied for a 
stable scanning in order not to disturb the DNA 
nanostructures.  

If the demineralization was too much for the DNA 
solution or the prepared sample was kept at room 
temperature for a long time (over three days, even in 
UHV), the morphology could be quite different for the 
sample. Large clusters with a size of ~8 nm and a 
height of ~1.5 nm were all over the surface. 
According to their dimension, we thought that these 
clusters should be an aggregation of DNA molecules 
and fragments. It could be caused by the lack of salts 
in the solution preventing the nanostructures from 
decompositionor the temperature influence resulting 
in the unwinding of DNA molecules, which was also 
observed in the AFM experiments. 

METHODOLOGY 

AID sanitization : The sanitization of Glutathione S-
Transferase (GST)-AID has been formerly depicted. 
Briskly, GST-AID interpretation was instigated in E. 
coli Bl21(DE3), accompanied by hatching for 16 h at 
16°C. GST-AID was filtered from the supernatant of 
lysed Cells utilizing a section of Glutathione 
Sepharose elevated-exhibition dabs (Amersham) 
according to maker's suggestions. GST-AID was 
filtered on Glutathione Sepharose dots (Amersham) 
according to producer's suggestions and saved in 20 
mM Tris-Cl pH 7.5, 100 mM NaCl, 1 mM 
dithiothreitol.  

Substrate readiness: The air pocket substrates are 
comparative to those formerly depicted. 5′ marking 
was finished utilizing [γ-32P]dATP and 
polynucleotide kinase finished by decontamination 
smaller than expected-Quick turn DNA sections 
(Roche). A 2.5-pmol sum of the marked strand was 
intermingled with no less than a twofold abundance 
of the icy strand in a volume of 25 μl and 
strengthened by moderate cooling from 94°C. The 
stem-circle substrates were marked and filtered in a 
comparable way, however self-strengthening was 
finished in a 125-μl volume by warming to 95°C and 
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snap-cooling. With a specific end goal to verify their 
structure, 20 fmol of stem-circle substrate was 
processed with 1 U of BamHI in a volume of 20 μl for 
1 h at 37°C. A specific-stranded oligonucleotide 
holding a BamHI site was utilized to guarantee that 
any BamHI cleavage was because of the presence of 
a twofold-stranded distinguishment succession.  

AID deamination measure : The UDG-based 
deamination measure has been portrayed awhile ago. 
Briskly, 0.1 to 500 fmol of named substrate was 
hatched with 0.3 to 0.9 μg GST-AID for 30 to 90 min at 
37°C in 50 mM Tris (pH 7.5), 100 mM NaCl, and 2 μM 
MgCl in a volume of 10 μl. AID was then deactivated 
for 15 min at 75°C. The volume was then expanded to 
20 μl, and 1 U uracil DNA glycosylase and cushion 
(NEB) was included for a 60-min hatching time of 
37°C so as to extract the uracil, emulated by hatching 
at 95°C for 8 min in a last [NaOH] of 100 mM to sever 
the soluble base-labile abasic site. Examples were 
electrophoresed on 14% denaturing acrylamide gels, 
envisioned utilizing a PhosphorImager (Molecular 
Dynamics). ImageQuant 5.0 (Molecular Dynamics) 
was utilized for band quantitation. Feature 
arrangement velocities were figured at every 
information substrate focus for a given sum of AID in 
an unit of time. Every line on a commonplace chart 
was acquired from no less than two free examinations, 
for each of which no less than two free gels were 
quantitated.  

EMSA : Recognition of AID tying utilizing an 
electrophoretic versatility move measure (EMSA) has 
been awhile ago portrayed. Briskly, named substrate 
was hatched with 0.3 to 1 μg GST-AID in 50 mM Tris 
(pH 7.5), 2.0 μM MgCl, 50 mM NaCl, and 1 mM 
dithiothreitol in a last volume of 10 μl at 25°C for 45 
min. Specimens were then UV cross-interfaced 
(Stratagene) on ice at a separation of 2 cm from the 
UV source with 100 mJ and a light time of 50 s. 
Specimens were electrophoresed at 4°C on 8% local 
gels and envisioned utilizing a PhosphorImager 
(Molecular Dynamics). Gel quantitation was finished 
utilizing ImageQuant 5.0 programming (Molecular 
Dynamics). Copy gels were utilized to acquire 
faultless normal qualities of bound and liberate 
divisions at every substrate fixation. Information were 
plotted as bound and liberate portions of the 
substrate. Graphpad Prism 5.0 programming was 
utilized to fit the information to the comparison inferred 
from the law of mass movement, [bound] = 
([boundmax] × [free])/(Kd + [free]) (where [bound] is 
the convergance of bound division, [free] is the 
amassing of unhindered division, [boundmax] is the 
most extreme convergance of bound part, and Kd is 
the coupling fondness of AID for the substrate) for the 
determination of rough half-immersion values. The 
determination of intricate half-life qualities was 
performed as awhile ago said. Quickly, tying 
responses were set up utilizing 10 fmol of 

radioactively named substrate and brooded for 45 min 
to take into account complex framing. A thousandfold 
abundance (10 pmol) of unlabeled substrate was 
added to the coupling mixture, accompanied by 
brooding for different periods of time to take into 
consideration separation of AID from the marked 
substrate preceding UV cross-joining of the response. 
Graphpad Prism 5.0 was utilized to fit the information 
to an exponential-rot demonstrate for the 
determination of mind boggling half-life values.  

MBN medicine of air pocket substrates : Named air 
pocket-sort substrate (50 fmol) was brooded with 0.1 
or 1 U of mung bean nuclease (MBN) (NEB) in a 
cushion holding 50 mM sodium acetic acid derivation, 
30 mM NaCl, 1 mM ZnSO4 (pH 5.0) for 2 to 5 min at 
37°C in a last volume of 10 μl. Responses were 
halted by the expansion of 200 mM EDTA-10 mM 
ATP, pH 9.0, electrophoresed on denaturing 
acrylamide gels, and envisioned utilizing a 
PhosphorImager (Molecular Dynamics). 

DISCUSSION 

Special deamination of modest-air pocket substrates: 
It has been recommended that AID may focus on the 
translation air pocket itself or other ssDNA structures 
produced upstream or downstream of the extension 
complex. Along these lines, to addition knowledge 
into the in vivo substrate of AID, we examined its 
necessities in vitro. We contemplated that AID is 
liable to have an in vitro design of movement that is 
reflective of its in vivo focuses on, a relationship that 
is watched for numerous catalysts. In backing of this 
reason, we and others have demonstrated that 
different lands of AID, for example WRC specificity, 
when measured in vitro, intimately match the design 
of problem area-transformations in vivo. As a different 
generally-examined illustration of immunological 
applicability, the plan of RAG1/2 cleavage and tying 
to distinctive immunoglobulin recombination indicate 
groupings in vitro corresponds with the utilization of 
gene portions in vivo.  

We discovered that deamination was optimal on 5-nt 
bubble substrates, imperceptible or extremely 
powerless on 1-to 3-nt bubble substrates or stem-
circle substrates of 3 to 13 nt, and diminished on 
greater meanders of 9 to 13 nt. Our discovering that 
7-nt bubbles held temporarily ssDNA at the dsDNA 
intersections proposes that 3-nt air pockets might 
moreover be liable to this impact and therefore the 
underprivileged however measurable action on 3-nt 
air pockets could essentially reflect AID's deamination 
of "breathing" 3-nt bubbles. This might show that the 
insignificant DNA binding/catalytic space for AID is 
presumable more excellent than 3 nt in length. In 
spite of the fact that our work contends against AID 
deaminating stem-circle structures in vivo, we can't 
bar the conceivability that greater stem-circles or R-
circles may be followed by AID. Nonetheless, in view 
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of the effects indicated here, air pocket, stem-circle, or 
R-circle structures more stupendous than 7 nt in 
length are most likely distinguished by AID as less 
proficiently ssDNA and than humble bubbles, likely 
because of the more unbending structure of the 
recent. A previous report demonstrated that the 
optimal substrate for AID action was a 9-nt bubble 
substrate, an error that we recommend may be 
because of distinctive arrangements of AID or different 
response conditions. Moreover, we discovered that 
AID movement levels might seem comparative at flat 
substrate focuses and distinctions might end up being 
clear just when enzymatic velocities are examined 
over an extensive variety of substrate fixations, which 
can moreover demonstrate this error. We recommend 
that since translation air pockets are recommended to 

be ∼ 18 nt long, with the dominant part of their length 

possessed by the extension complex, the inclination of 
AID for deamination of WRC themes in 5-nt-long 
bubbles reflects its streamlining for focusing on the 
approachable locales of the translation air pocket. 
Diversely, AID might have advanced to respond with 
humble locales of translation-affected denatured DNA, 
as was as of late watched for hypermutating genes. 

As specified in the presentation, current literary works 
has not tended to if the WR theme must moreover be 
completely single stranded. That is, critical information 
indicate that AID can respond with WRC themes in 
ssDNA however don't decide out that AID can respond 
with a WRC theme which is just part of the way placed 
in ssDNA, for example might happen at the edges of 
DNA crevices or translation bubble intersections in 
vivo. To this close, we examined if the WR theme 
might be distinguished in dsDNA and ssDNA. By 
utilizing air pocket substrates within which the position 
of the target cytidine was fluctuated and additionally 
substrates in which the WR theme was put in the stem 
as opposed to the air pocket area, we demonstrated 
that the most powerful deamination target comprised 
of a WRC theme flanked by ssDNA. This 
consequence demonstrates that rather than 
succession-particular dsDNA distinguishment catalysts 
(e.g., confinement endonucleases and translation 
elements), AID is not equipped for recognizing 
nucleotide emphasizes in dsDNA.  

The hugeness of coupling natural inclination for AID 
movement : To comprehend why certain structures are 
specially deaminated over different substrates, we 
examined if AID tying natural inclination corresponds 
with deamination action. In the first place, we 
discovered that stem-circle substrates, which were 
crudely deaminated by AID, were likewise bound by 
AID with more level liking than was the situation with 
optimal substrates (i.e., 5-to 7-nt bubble substrates). 
The remarkable contrast in AID tying between a 7-nt 
bubble and a 7-nt stem-circle substrate infers that AID 
can perceive particular shape distinctions, perhaps 
because of DNA curving. Second, we discovered that 
2-or 3-nt bubbles, which were defectively deaminated 
by AID, show remarkably lessened boundmax 
esteems regardless of just marginally lessened liking 

contrasted with that for bub7. This demonstrates 
heterogeneity in the substrate or the compound pool, 
such that a more diminutive division of the substrate is 
bound. As talked about above, since the air pocket 
substrates hold ss/dsDNA intersections which are 
"inhaling," we accept that the easier boundmax 
esteems got with 3-nt air pockets are because of AID 
connecting with "opened-up" air pockets that exist at a 
consistent however flat focus in respect to the "shut" 
3-nt length bubbles. By and large, our information 
propose that elevated-proclivity tying of AID to DNA 
substrates is needed for proficient deamination in 
vitro. Complete affirmation of this idea might need in 
vitro and in vivo information associating substrate 
natural inclination with movement utilizing mutants of 
AID.  

Our discovering that AID ties ssDNA with elevated 
partiality gives a demonstration for AID processivity. 
That is, since AID ties quickly and separates 
tediously, it is less averse to tie the same substrate 
particle after separation, in this way elucidating the 
short-track processivity of AID. Substrate "hopping" 
has likewise been indicated to explain the 
processive-such as conduct of some confinement 
endonucleases, as opposed to substrate "sliding," 
which explains the processivity of polymerases. 
Regardless, formal verification is failing to offer that 
AID processivity is indispensible for organic role, and 
this may be fulfilled by the trials.  

Target prerequisites for WRC inclination: Since 
immediate investigation of the AID reactant site is not 
yet plausible because of the absence of a X-beam 
gem structure, we expected to increase knowledge 
into the instrument of WRC specificity by 
comprehension the particular nucleotide side chains 
that are of criticalness for the distinguishment of a 
WRC by AID. By utilizing the purine analogues 
inosine and 2-aminopurine in the −1 position in 
fusion with a regular W (An or T) in the −2 position 
with respect to the target cytidine, we indicated that 
both analogues underpin proficient deamination. This 
demonstrates that AID lean towards any purine at 
the −1 position. Be that as it may, as noted in 
Results, the nucleotide inclination of AID at the −2 
position is confusing. We discovered that when set in 
the −2 position in blending with common R 
nucleotides (i.e., An or G) in the −1 position, both 
inosine and 2-aminopurine worked comparably to a 
G, instead of A. This demonstrates either that the 
amino moiety of An is distinguished by the reactant 
site of AID in this position or that the carbonyl and 
amino moieties of G are a block to distinguishment. 
The past model might foresee that G, inosine, and 2-
aminopurine might all be proportionally wasteful at 
supporting deamination. Be that as it may, our 
perception that in the −2 position G is marginally less 
powerful than either inosine or 2-aminopurine, each 
of which conveys one singular of its side chains, 
helps the last model. For the most part, the come 
about that no trinucleotide synthesis with a simple 
was a fundamentally preferable deamination 
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substrate over common WRC themes shows that the 
synergist site of AID is improved for its regular focuses 
in vivo. We recommend that the synergist site of AID 
owns two distinguishment pockets for the −2 position, 
one that fits the purine An and one that fits the 
pyrimidine T. Since any purine could uphold proficient 
deamination in the −1 position, this recommends that 
cooperations between AID and DNA may happen on 
imparted assemblies between purines by means of 
contribution of amino acids for example Asn, Gln, Ser, 
Thr, Tyr, Arg, and Lys, all of which are thought to 
shape hydrogen bonds with the pentamer or hexamer 
spine of purines. Notwithstanding, our discovering that 
AID's inclination for a nucleotide in the −1 position 
hinged on which nucleotide was available in the −2 
position (i.e., inclination for T2C over TIC however 
inclination for AIC over A2C) infers that distinctive 
amino harsh corrosive side chains of the −1 pocket of 
AID incline toward diverse purine side chains, such 
that hinging on which −2 pocket is possessed, either a 
carbonyl or an amino side chain bearing purine is 
favored in the −1 position. We note that this model 
acts for the most effortless situation for an AID 
reactant site good with the momentum in vitro 
information yet that elective models are plausible, 
since stacking face to face times between adjoining 
nucleotides and the re 

REFERENCES 

 Iancu, V. & Hla, S. W. Realization of a four-
step molecular switch in scanning tunneling 
microscope manipulation of single chlorophyll-a 
molecules, Proc. Natl. Acad. Sci. USA 103, 13718-

13721 (2006).  

 Gross, L., Mohn, F., Moll, N., Meyer, G., Ebel, 
R., Abdel-Mageed, W. M. & Jaspars, M. Organic 
structure determination using atomic-resolution 
scanning probe microscopy, Nature Chemistry 2, 821–

825 (2010)  

 Tanaka, H., & Kawai, T. Partial sequencing of 
a single DNA molecule with a scanning tunnelling 
microscope, Nature Nanotechnology 4, 518-522 

(2009)  

 Frank, J. Single-particle imaging of 
macromolecules by cryo-electron microscopy, Annual 
Review of Biophysics and Biomolecular Structure, 31, 
303-319 (2002)  

 Frank, J. Cryo-electron microscopy as an 
investigative tool: the ribosome as an example, 
BioEssays 23, 725-732 (2001)  

 H. Tanaka, T. Kawai Visualization of detailed 
structures within DNA, Surface Science 539, L531-

L536 (2003) 

 Bransteitter, R., P. Pham, M. D. Scharff, and 

M. F. Goodman. 2003. Activation-induced cytidine 
deaminase deaminates deoxycytidine on single-
stranded DNA but requires the action of RNase. Proc. 
Natl. Acad. Sci. USA 100:4102-4107. 

 Chaudhuri, J., C. Khuong, and F. W. Alt. 2004. 
Replication protein A interacts with AID to promote 
deamination of somatic hypermutation targets. Nature 
430:992-998. 

 Duquette, M. L., P. Handa, J. A. Vincent, A. F. 
Taylor, and N. Maizels. 2004. Intracellular transcription 
of G-rich DNAs induces formation of G-loops, novel 
structures containing G4 DNA. Genes Dev. 18:1618-
1629. 

 Gaillard, C., and F. Strauss. 1990. Sequence-
specific single-strand-binding protein for the simian 
virus 40 early promoter stimulates transcription in 
vitro. J. Mol. Biol. 215:245-255. 

 Harris, R. S., J. E. Sale, S. K. Petersen-
Mahrt, and M. S. Neuberger. 2002. AID is essential 
for immunoglobulin V gene conversion in a cultured B 
cell line. Curr. Biol. 12:435-438. 

 Longerich, S., A. Tanaka, G. Bozek, D. 
Nicolae, and U. Storb. 2005. The very 5′ end and the 
constant region of Ig genes are spared from somatic 
mutation because AID does not access these 
regions. J. Exp. Med. 202:1443-1454. 

 Martin, A., P. D. Bardwell, C. J. Woo, M. Fan, 
M. J. Shulman, and M. D. Scharff. 2002. Activation-
induced cytidine deaminase turns on somatic 
hypermutation in hybridomas. Nature 415:802-806. 

 Pham, P., L. Chelico, and M. F. Goodman. 
2007. DNA deaminases AID and APOBEC3G act 
processively on single-stranded DNA. DNA Repair 
(Amsterdam) 6:689-692. 

 Rada, C., G. T. Williams, H. Nilsen, D. E. 
Barnes, T. Lindahl, and M. S. Neuberger. 2002. 
Immunoglobulin isotype switching is inhibited and 
somatic hypermutation perturbed in UNG-deficient 
mice. Curr. Biol. 12:1748-1755. 

 Stanford, N. P., M. D. Szczelkun, J. F. Marko, 
and S. E. Halford. 2000. One- and three-dimensional 
pathways for proteins to reach specific DNA sites. 
EMBO J. 19:6546-6557.  

 


