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ABSTRACT: The c-kit gene encodes a receptor tyrosine kinase, whose engagement by its ligand triggers
signals leading to cell proliferation. c-kit activity is elevated in gastrointestinal stromal tumors (GISTS),
and its therapeutic inhibition by small molecules such as imatinib is clinically validated. We identified a
putative quadruplex forming 21-nucleotide sequence upstream of the c-kit transcription initiation site
(c-kit21), on the G-rich strand, which occupies a site required for core promoter activity. Here, we show
by nuclear magnetic resonance (NMR), circular dichroism (CD), and ultraviolet (UV) spectroscopic methods
that c-kit21 forms quadruplexes under physiological conditions. Mutational analysis of c-kit21 has provided
insights into its structural polymorphism. In particular, one mutated form appears to form a single quadruplex
species that adopts a parallel conformation. The quadruplex-forming sequence shows a high level of
sequence conservation across human, mouse, rat, and chimpanzee. The small variation in sequence between
the quadruplex in human/chimpanzee as compared to the rat/mouse was examined more closely by
biophysical methods. Despite a variation in the sequence and length of loop 2, the quadruplexes showed
both comparable CD spectra, indicative of parallel quadruplexes, and also similar thermal-stability profiles,
suggesting conservation of biophysical characteristics. Collectively, the evidence suggests that this
guadruplex is a serious target for a detailed functional investigation at the cell-biology level.

It was first proposed over 4 decades ago that guanine basegxistence of several telomeric quadruplex-binding proteins,
can associate in a cyclic arrangement to form planar which include RAP 114, 15) and the3 subunit ofOxytricha
arrangements of four guanines, G-quart&jsiq which each  telomere-binding proteinl§). Recently, it was demonstrated
guanine is bonded to two neighboring guanines via hydrogenthat telomere end-binding proteins in the cili&tylonychia
bonds ). These G-quartets enable DNA sequences rich in can bind and regulate the formation of G-quadruplex
guanines to form complex-folded structures, “quadruplexes”, structures in cells. Furthermore, quadruplex formation was
that are further stabilized by cations. The biological relevance ynder the control of a cell-cycle-dependent phosphorylation
of quadruplexes is now being intensively investigated, largely eyent (7). Quadruplex-binding proteins are also found in
as a consequence of the identification of quadruplex-forming gjyerse organisms including humans, ye&stherichia colj

sequences in the genome. Tandem-repeat sequences in thg,q thearabidopsisplant (L8). The discovery of quadruplex-
telomeres of humans3), Oxytricha (4), and Tetrahymena  pinding proteins irE. coli, which lacks telomeres and has a

E}E’) havle beben shown to Lor_m _quadrupllexb_struct_LtJrﬁs. Thesecircular chromosome, implies that quadruplex structures may
6ave _?h$r?h eggnp'ﬁﬁ?sﬁo dg}.gzrgnogos IrIIHf/WIRCN Aeegmns exist in the double-stranded circular chromosomeg). (
(6), within hu immu iciency virus (HIV) 3 Studies using electron microscopy suggest that plasmids

as well as in a variety of RNA and DNA aptamer8).( T X
Quadruplexes in the promoter region of genes have beencontamlng mammalian sequences form G-quadruplex struc-

proposed for Ki-rasg), c-myc (L0, 11), VEGF (12), and tures during transcription of the C-rich s.trarﬂ:BX. . .
HIF-1o (13). Quadruplexes can be broadly categorized as either inter-
Biophysica| evidence exists in support of quadrup|ex or intramolecular and further classified according to the
formation for a small number of sequences in vitro. The orientation of the strands, which may be parallel or antipar-
evidence for quadruplex existence in cells is indirect and allel. Nuclear magnetic resonance (NMR) spectroscopy and
more limited but increasing. There is evidence of the X-ray crystallography are robust methods for elucidating
quadruplex topology but to date have only succeeded in
* To whom correspondence should be addressed. E-mail: sb10031@e€lucidating a small number of quadruplex structures. Bio-
cam.ac.uk. physical techniques such as circular dichroism (CD) spec-

- Department of Chemistry, University of Cambridge. troscopy 20) and ultraviolet (UV) thermal difference spectra
§ University of London.

IIMRC Cancer Cell Unit, Hutchison/MRC Research Centre, Uni- (21—23) can also provide valuable insights into quadruplex
versity of Cambridge. conformation.
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A Fragment essential for maximal core promoter activity

-163 CCkCGGGCGGGCGCGAGGGAGGGGAGGCGAGGAGGGGCGTGGCCJGGCGCGC -113

c-kit21 Sp1 binding site
B °* Human 5’ CCC GGG C GGG CGCGA GGG A GGG GAGG 37 (-137)
¢« Chimpanzee 5 CCC GGG C GGG CGCGA GGG A GGG GAGG 37 (-137)
*  Mouse 5" CCC GGG C GGG AGAA GGG A GGG GCGT 37 (-98)
* Rat 5 CCC GGG C GGG AGAA GGG A GGG GCAT 3 (-98)
C ckit21 5> C GGG C GGG CGCGA GGG A GGGG 3
c-kit18T 57 C GGG C GGG CGCGA GGG AT GGG 3
c-kit21T 57 CGGG C GGG CGCGA GGGAGGGT 3

Ficure 1: (A) Positions of the putative quadruplex sequence (c-kit21) and the Spl-binding DNA sequences within the G-rich strand of the
kit promoter. The numbering is relative to the transcription start sitg) ((B) Conservation of the DNA sequence in human, chimpanzee,
mouse, and rat. (C) DNA sequences of the native putative quadruplex oligonucleotide c-kit21 and the mutated oligonucleotides c-kit18T
and c-kit21T.

A putative promoter quadruplex reported for the c-myc  On the basis of the literature and biophysical studies of
oncogene 10) has recently received considerable attention. quadruplex-forming sequences carried out in our laboratory,

The 27 base-pair nuclease hypersensitive elemariNHE algorithms have been developed that can screen sequences
Ill;) of the c-myc promoter controls 8®0% of c-myc within genomes that may form quadruplex8s,(34). Two
transcription 10). It has been suggested that the NHE Ill  such sequences have been identified by us within the c-kit

element equilibrates between transcriptionally active and promoter region, one positioned betwee@7 and—109 bp
silenced forms and that the silenced form corresponds to aand the other positioned betweenl40 and —160 bp
qguadruplex 24, 25). Expression of c-myc can be suppressed upstream of the transcription initiation site. The former has
with quadruplex-stabilizing molecule4 ). This is a proof been shown by us to fold into a quadruplex in vit&b)

of concept that expression of genes can be downregulated We have now analyzed in detail this second putative
by the formation of quadruplexes in the promoter region of quadruplex-forming sequence, d(CGGGCGGGCGCGAGG-
the gene, at least in a model system. The proposed quadruGAGGGG) (c-kit21). There are two features of c-kit21 that
plexes in VEGF and HIF-d gene promoters overlap with  lead us to believe it is likely to have biological function.
binding sites for transcription factordZ, 13). This raises First, it occupies a region within a 42-base fragment essential
the possibility of ligand-mediated stabilization of quadru- for core promoter activity 31) (Figure 1A). Second, this
plexes to prevent the binding of transcription factors and putative quadruplex sequence is highly conserved in human,
potential regulation of gene expression. mouse, rat, and chimpanzee (Figure 1B). The four tracts of

We report here a putative promoter quadruplex for the c-kit 3G each are unchanged, with the main variations being
oncogene, which codes for a tyrosine kinase recef@@y. (  Presentin the sequence of loop 2. Furthermore, the location
c-kit function is pivotal for relaying an extracellular signal Of the putative quadruplex, relative to the transcription
in response to the binding of its ligand, stem cell factor initiation site, is identical in human and chlmpa_nzee (137
(SCF). When activated, kit stimulates proliferation, dif- Pases upstream) and close (98 bases upstream) in mouse and
ferentiation, migration, and survivalT). Kit is similar in rat.
structure to other receptor tyrosine kinases and highly Until now, kinase-targeted cancer therapies such as
expressed in haematopoietic stem cells, mast cells, melanoGleevec (an inhibitor that has activity against the c-kit kinase
cytic cells, germ cells, and interstitial cells of Cajais). as well as the abl kinase3) all inhibit the kinase protein
Specific mutations in the c-kit gene lead to ligand- after it has been expressed rather than control its expression.
independent activation or constitutive activation of the c-kit The positioning of this putative quadruplex makes it a
protein, which results in uncontrolled cell proliferation. This Potentially attractive target to be exploited for the regulation

is considered the primary pathogenic event in gastrointestinalof c-kit at the transcriptional level. We report here studies
stromal tumors Z8). with a range of biophysical techniques to probe the structure

The human c-kit promoter lacks both a TATA baady and stability of this conserved putative c-kit quadruplex
and a CCAAT box 80). It contains several potential Sp1- element.
binding sites 26), of which a sequence stretqh ;ituz_at_et_j from MATERIALS AND METHODS
—121 to —130 bp upstream of the transcription initiation
site (Figure 1A) is essential for core promoter activig) Sample PreparationThe DNA oligonucleotide samples
Promoter deletion assays have shown that the sequence from(CGCG;CGCGAGAG,) (c-kit21), d(CGCGCGCGAG-
—120 to —161 bp upstream of the transcription initiation ATG3z) (c-kitl8T), and d(CGCGCGCGAGAG3T) (c-
site is crucial for maximal core promoter activity in a kit21T) were synthesized on an applied Biosystems DNA
nontissue-specific mannes). Transcriptional regulation of ~ synthesizer using solid-phagecyanoethylphosphoramidite
c-kit expression is complex, involving several activators and chemistry. The oligonucleotides were deprotected and cleaved
repressors3?). from the solid support by immersing the resin in concentrated
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degassed ammonia solution at 8D overnight. The crude
oligonucleotides were purified using HPLC on a BioCAD
workstation with an Oligo R3 column (PerSeptive Biosys-
tems, Inc.). The oligonucleotides were then lyophilised and
dialyzed against double-distilled water and lyophilised again
to produce a final purified oligonucleotide. Absorbance of
1:100 diluted samples in distilled water was measured at 260
nm to determine the concentration.

NMR SpectroscopiNMR experiments were performed on
a 500 MHz Bruker Avance spectrometer ke 5 mmTriple
Resonance Inverse (TCI) cryoprobe. Water suppression was N

achieved using the Watergate W5 pulse sequence. Samples
were prepared to a final oligonucleotide concentration of 1
mM in 20 mM potassium phosphate buffer (pH 7.0) and 10%
D,0 containing varying KCI concentrations up to 100 mM.
The samples were heated to @ for 10 min, annealed over
a period of 14 h at a rate of 0°C/min down to 4°C, and
maintained at £C overnight. Spectra were recorded at 27,
35, and 43°C. Temperatures above £& could not be
reached because of limitations in the cryoprobe.

UV SpectroscopyAll UV experiments were performed
on a Cary Varian UV/vis spectrophotometer. The thermal M
melting curves were obtained at 295 nm. Samples were
prepared to final oligonucleotide concentrations 640 uM TS e
in 10 mM Tris-HCI (pH 7.0) containing 100 mM KCI. The
DNA samples were annealed by heating at@For 10 min
and slow cooling to 4C at a controlled rate of 0.9C/min.
Samples were degassed for 1 min, and 400 was
transferred to a clear cuvette of 1 cm path length. Data were
recorded every 0.83C during heating and cooling, which
were carried out at a rate of 0.2&/min. Dependent upon
whether the UV thermal melting curves are superimposable

(reversible folding and unfolding) or not (nonreversible
folding and unfolding), the equilibriurfi, or half-transition WML J
temperatureTy) were determined respectively using van't A

Hoff (21) and first derivative methods. 2“"1 f("’) k2 ( | k g d?C)
; : : Ficure 2: *H NMR spectra of (A) c-kit21, (B) c-kitl8T, an
UV thermal difference spectra were obtained by carrying c-kit21T sequences taken in 20 mM potassium phosphate buffer
out a wavelength scan from 340 to 220 nm above (@% (pH 7.0) at 43°C.

and below (20°C) the thermal transition temperature and

plotting the difference in absorbance at each wavelength. Thethe formation of specific hydrogen bonds to 06 of adjacent
data were then normalized relative to the highest positive guanines. The one-dimensional (1) NMR spectrum of
peak. c-kit21 in 90% HO and 10% DO (Figure 2A) displays a
CD SpectroscopyCD spectra were obtained on a Jasco broad envelope with some fine structure between 10.5 and
J-810 spectropolarimeter. The wavelength was varied from 12 ppm. While a single quadruplex intramolecular conforma-
220 to 320 nm at a rate of 50 nm/min. Measurements weretion can display sharp imino resonan@8)( the spectrum
made at 20°C using a quartz cell, with a path length of 1 shown in Figure 2A is more suggestive of multiple inter-
cm. Each spectrum reported is an average of five scans. Theconverting quadruplex conformations39j, where the
samples were prepared to a final oligonucleotide concentra-interconversion rate is comparable to the NMR time scale.

tion of 4 uM in 10 mM Tris-HCI (pH 7.0) and 100 mM UV Thermal Difference Spectrum and Melting Analysis.
KCI. Annealing was done the same as for UV samples. For hiramolecular G-quadruplex structures exhibit characteristic
each experiment, a CD spectrum of the buffer was recordedyatierns in the UV differential spectra, which can indicate

and s_ubtracted _from the spectrum obtained for the DNA- {0 presence of quadruplexe1{23). The difference
containing solution. spectrum obtained for c-kit21 exhibits two positive maxima
RESULTS at 240 and 277 nm, a shoulder at 255 nm, and a negative
minimum at 296 nm (Figure 3), which is comparable to
NMR Study on the Nate c-kit21 SequenceNMR thermal difference spectra obtained for other known qua-

spectroscopy has been used extensively to confirm thedruplexes 22, 23).

presence of the quadruplex structure in nucleic acdds. ( The stability of G-quadruplexes can be determined by
In particular, the imino protons of guanines involved in conducting UV thermal melts at 295 nm, where melting is
G-tetrad formation have characteristic resonances that appeaaccompanied by a hypochromic shiglj. The Ty, or T
between 10.5 and 12 ppm intld NMR spectrum, owing to  values relate to the stability of the folded quadruplex, and
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1.0 —.d c-kit21T, and c-kit18T sequences taken in 10 mM Tris-HCI (pH
7.0) containing 100 mM KCI.
1]
E 05 Table 1: Half-Transition Temperature§f) for c-kit21 with
2 7 Different Cations at 100 mM Concentrations
§ 1 /\ cation T12(°C) cation Ti2(°C) cation Ti2(°C)
E 0.0 K+ 70+1 Na 50+1 Li+ 4541
2
& stabilization in the order K> Na" > Li*, which is typical
E-o.s- of cation preference for quadruplexel).
S CD Study of c-kit21CD spectroscopy can provide insights
into the strand orientation of quadruplexes, where parallel
'1'0220 " .40 | 260 280 300 320 and antiparallel orientations are known to result in charac-

teristically distinct spectra2(). Parallel-stranded quadru-

Ficure 3: Normalized UV thermal difference spectra of (A) pIexe: typ'lcall?/ Tg\ﬁ)a posﬁve 5|gtr;1al att260 m andd a
c-kit18T, c-kit21T, and c-kit21 sequences and (B) mouse/rat c-kit 1€9ative signal a nm, whereas the anliparallel quadru-

compared with human c-kit21. All spectra were taken in 10 mM Plexes exhibit a positive signal at 295 nm and a negative
Tris-HCI (pH 7.0) containing 100 mM KCI. signal around 260 nm. Sequences capable of forming both

conformations, or indeed a mixed conformation, can produce
the nature of the melting and cooling spectra can provide a hybrid of parallel and antiparallel spectra often with
insights into the folding/unfolding kinetics and intra/ maxima at both 260 and 295 nm. The spectrum produced
intermolecular nature of the quadrupleXl). The melting by the c-kit21 sequence (Figure 5) appears to have a strong
and cooling curves for c-kit21, in Kbuffer (Figure 4), show  signal peak at 263 nm with a weak peak at 295 nm. This
a single transition with &,,, of 70+ 1 °C. This Ty, is higher indicates a predominant parallel conformation with the
than that of the human telomeric sequence (H-telo) of 58 possibility of a small proportion of antiparallel structure(s).
°C in Na and 63°C in K* (40) under comparable conditions Reducing Heterogeneity by Mutatiofi$he native c-kit21

but is lower than that for the c-myc quadruplek,(> 80 sequence has four G-tracts, of which the first three each
°C) (38). contain three guanines, whereas the fourth G-tract contains

four guanines, suggesting some potential ambiguity as to
which guanines in the fourth tract participate in tetrad

formation. We reasoned that systematic replacement of a
guanine from either end of the fourth G-tract may reduce

Wavelength (nm)

UV thermal melting analysis was conducted with a wide
range of oligonucleotide concentrations from 1 to /4
(see the Supporting Information). The results indicate that

the Ty, of the c-kit21 quadruplex is independent of the strand ; .

concentration, which is consistent with an intramolecular the heterogeneity of quadruplexes formed. Therefore, guanine
k to thymine mutations were made at positions 18 (c-kit18T)

quadruplex. and 21 (c-kit21T) of the c-kit21 sequence (Figure 1C).

The effect of the K concentration on th&:, was also c-kit18T Is Less Heterogeneous than c-kitZhe G18T
investigated. It is apparent from the data (see the Supportingmutation not only restricts the number of guanines but also
Information) that the quadruplex becomes more stable with fixes the length of the third loop to two nucleotides. This
increasing K concentration, with stability saturating at'K had a consequence on the NMR and CD spectra and also
concentrations above 100 mM. This*Kdependence is  the T, value. The 1D'H NMR spectrum of the c-kit18T
consistent with the pattern of stabilization observed for other derivative (Figure 2B) shows improved resolution and is
quadruplexes that include the human telomefl&) (and devoid of the broad envelope in the imino proton region
c-myc (38) quadruplexes. The dependence of cation type on compared to the native sequence spectrum, suggesting the
stability is indicated in Table 1, where thg, values suggest  presence of fewer conformers in equilibrium. UV thermal
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Ta — 21 275, and 295 nm) (Figure 3A). In addition, the close
40 —s resemblance of c-kit21 and c-kit21T spectra could indicate

l similarities in quadruplexes formed by their sequences. The
304 CD spectra (Figure 5A) antl/Ty, values of c-kit21 (70t

1°C) and c-kit21T (68t 1 °C) also support this argument,
with the c-kit21T CD spectrum almost superimposing the
spectrum produced by c-kit21 afig/T1, values being close
to one another.

CD and UV Properties of the Mouse/Rat c-kit Quadruplex.
The corresponding putative quadruplex sequence in mouse/
rat does show some differences in loop 2, which is only four

[
o
1 N

o

Ellipticity (mdeg)
S

=10 4

nucleotides long, rather than five, and also a quite different

20 sequence comprised entirely of purines. We have recently
220 240 260 280 300 320 found that loop Igngthé(l) and also loop sequenc@&) can

Wavelength (nm) have a profound influence on quadrgplex formation. 'There-

fore, we analyzed the mouse/rat c-kit quadruplex using UV
404 B melting analysis and CD spectroscopy. These biophysical
] experiments suggest that the mouse/rat c-kit motif also folds

30 into a quadruplex (Figures 3B and 5B). The UV thermal

melting analysis carried out at differenttikconcentrations
gives a stability profile that is indistinguishable from that of
the human native c-kit sequence (c-kit21) (see the Supporting
Information). At 100 mM K concentration, th&@y,, values

for human c-kit21 and mouse/rat quadruplex sequences were
70+ 1 and 69.5+ 1 °C, respectively. The thermal difference

] spectrum (Figure 3) exhibits positive and negative peaks
centered around typical values for quadruplex23 @3).

L]
L=]
1 L

-

Ellipticity (mdeg)
°

104 The CD spectrum demonstrates a signature similar to that
2 1 shown by the human c-kit21, which consists of strong parallel
220 | 240 280 280 300 320 and weak antiparallel signals (Figure 5).

Wavelength (nm) DISCUSSION
Ficure 5: (A) CD spectra of the c-kit18T, c-kit21T, and c-kit21

sequences. (B) Mouse/rat c-kit compared with human c-kit21. All The combined data obtained from NMR. CD. and UV
spectra were taken in 10 mM Tris-HCI (pH 7.0) containing 100 . ! !
mM KClI at 20°C. spectroscopic analyses show that the genomic DNA sequence
c-kit21 folds into quadruplex structures under near physi-
melting of c-kit18T shows a drop ifi, by 10°C (Figure 4) ological conditions. The UV melting analysis of c-kit21
relative to that of c-kit21. The CD spectrum of c-kitl8T showed the expected’Kon concentration dependence and
(Figure 5A) suggests that it forms a largely parallel confor- cation preference K> Na“ > Li*. Furthermore, thély,
mation but indicates the presence of some antiparallel Value of 70+ 1 °C in 100 mM K' suggests that the
character as well. intramolecular quadruplex formed by c-kit21 is relatively
c-kit21T Forms a Homogeneous Quadrupléke G21T  Stable compared to the human telomeric quadruplex @3
mutation was designed to unambiguously restrain the lengthin K*) (40), under comparable conditions, but not as stable
of the third loop to a single nucleotide and the fourth G-tract @s the c-myc quadrupleX > 80 °C) (38).
to three guanines. This modification had a significant effect  To address the apparent structural heterogeneity of qua-
on the biophysical properties of the folded quadruplex. The druplexes formed by c-kit21, we studied two mutated forms.
NMR spectrum of c-kit21T shows fine structure (Figure 2C) The mutated sequence c-kit21T forms a single structure, as
with the sharpest peaks having line widths of around 5 Hz, judged by 1D'H NMR, and CD spectroscopy suggests a
suggestive of the homogeneous quadruplex structure. Thisparallel-folded topology. The other mutated sequence, c-kit18T,
is confirmed by the presence of 11 imino resonance peaksgave an NMR spectrum consistent with fewer structures than
in the 10.5-12 ppm region, of which the large peak at 11.14 c-kit21, with the associated CD spectrum of c-kit18T
ppm integrates to two protons. The number and intensity of suggesting the presence of mainly parallel quadruplex with
the resonances signify the 12 guanines of the 3 tetrads,some antiparallel quadruplex. In a related study on the NHE
indicating a single quadruplex. The CD spectrum exhibited 111, of c-myc, a mutated quadruplex (myc-1245) was
by c-kit21T (Figure 5A) suggests a parallel quadruplex with generated with loops 1 and 3 consisting of a single nucleotide
negligible signal intensity at 295 nm. UV melting analysis and loop 2 with six nucleotides, where the mutated quadru-
of c-kit21T shows a reversible melting transition witia plex was shown to fold into a single propeller-type quadru-
value of 68+ 1 °C (Figure 4). plex (38). The similarities in loop lengths and the CD data
Thermal Difference Spectra of Modified Sequendds suggest that the c-kit21T structure should be analogous. The
thermal difference spectra of c-kitl8T and c-kit21T were fact that the mutant c-kit18T, with three guanines in the
similar to that of c-kit21 and had their maximum and fourth stretch akin to c-kit21T, did not show a single
minimum peaks centered at the same wavelength values (240dominant structure, demonstrates that simply distributing the
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12 guanines into four tracts of 3 guanines each is not they all fold into quadruplexes in vitro with similar biophysi-
sufficient to form a single quadruplex species. Rather, this cal properties could be suggestive of its biological function.
study suggests that loop length was the significant factor to We also note that our previous findings, which suggest
influence quadruplex heterogeneity. Studies on the loop- quadruplex-forming sequences are likely to have at least one
length dependence of quadruplexes by Hazel et al. furthersingle-nucleotide loop33), are upheld for c-kit21 and also
corroborate this argumen#tl). c-kit21T has loop lengths  hold for the previously studied genomic quadruplexes from
of 1, 5, and 1 nucleotides, whereas c-kit18T has loop lengthsc-kit (35), c-myc @0, 11), VEGF (12), and HIF-1 (3). High-

1, 5, and 2 nucleotides. Therefore, the only difference in the resolution structural data is only available to date on the
c-kit18T from the c-kit21T is an additional nucleotide in the c¢c-myc quadruplex38, 39), showing that it conforms to the
third loop. We have previously showa]) that the presence  parallel quadruplex motif, although parallel folds have also
of one loop with a single residue favors a topology with at been suggested for the VEGF and HIF-1 quadruplexes on
least one double-reversal loop being formed. In principle, a the basis of CD and chemical-footprinting data. This is not
dinucleotide loop can be involved in both fold-back and unexpected in view of our findingg () that parallel topology
double-reversal loops38, 39, 41). On this basis, one would is the consequence of single-nucleotide loops. Cell-biological
expect the presence of two single-nucleotide loops to pushstudies to explore the functional relevance of the c-kit
the equilibrium of possible quadruplex conformations toward quadruplex described in this paper are how underway and
a parallel topology as a result of steric hindrance to will be reported in the future.

antiparallel-type structures and short diagonal loops. We
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