American Chemical Society

ACS Publications
MOST TRUSTED. MOST CITED. MOST READ.

ACS ActiveView
PDF




Joel Penner - http://www.flickr.com/photos/featheredtar/2302651444/




ACS Publications

MOST TRUSTED. MOST CITED. MOST READ.

JIAIC

Ternary Electrocat
alysts for Oxidizing Eth
Making Ir Capable of Splitting C-C [imm«“"—’l e

7 LRty

[ i ltmetaiie e 7 -
il 3 direct analogues ot vy p——
i P T 6 e eSS 8 NP were synthesized 3 ol AU 1) sy
B O SaCl, being reduced € catalys Cwith atomic ratio PU/I/O0 of L) e

:“Il:cm&»‘ by heating in EG, then quickly being oxidized to several Pur spherical J,..II..A .‘f"':;:‘:,;ﬂ':f,(,ﬁ .\‘1" g s
e e o0, NP st P8 L o the (10) B
subsequently deposited on the eformed $00; NP sceds ing  spacing of “boat 335 A pondin to e (110) BN

chlonide p (NH,)IrCl, and/or RRCl Yanda  SnO, lattice planes. In Figure 23, Pu clusters form hain 2

jure 1). Most recent, seeded  panoislands deposited on emicrystalline $n0; NP su pstrates.
Careful observations of more SnO NPs showed the
64 A (011 planes) and

seeded growth technique
da

ce spacings are
The study on Ptlr nanoislands showe!

S about 2 h corresponds to
milar studies wel

and the resul
multimetallic (MM’ =

predominant latti
3.35 A (110 planes)
dominant fringe spac
(111) family of Pt
MM’/$n0,/C NP samples,
obtained nanocatalysts consisted of
PtRh, Ptr, IrRb, and PtirRh) o

DF

26 A, whic
re carried out on all
ts confirm that the

NP substrates. More




JACS Research in C&EN v

Just Accepted Articles ASAP Current Issue Most Read 5\\1 J A C S
Articles ASAP (As Soon As Publishable) Researchin C&EN
ASAP articles are edited and published online ahead of print. View all Articles ASAP
Low Temperature Process
To Make Crystalline Silicon
[J | For Selected: [ View Abstracts .g"Add to ACS ChemWorx @ Download Citations [ZI February 05%501 3
O Groove Binding Mechanism of lonic Liquids: A Key  Abstract | Supporting Info Matyjaszewski Wins
Factor in Long-Term Stability of DNA in Hydrated Aaritohal Horth America
9 ty y E ACS ActiveView PDF Science Award
Ionic LiQUidS? Hi-Res Print Anmotate, Raference Quick View January 28! 2013
Aneesh Chandran , Debostuti Ghoshdastidar , and Sanjib Senapati 88 PDF (10431 Enzymes Steer Toward
Articles ASAP (As Soon As Publishable) ﬁ PDF wiLinks [230k] g(‘)gl‘::::::):atll:'i?:s
Publication Date (Web): November 26, 2012 (Article) B Full Text HTML January 25, 2013

DOI: 10.1021/ja304519d

@' Add to ACS ChemWorx e
| Sponsored Access C&EN Latest News 4

Peter J. Stang named
Priestley Medalist

Congratulations to JACS Editor
Peter J. Stang, who will receive
the 2013 Priestley Medal

M‘

carbonyl sulfide hydrolase B-carbonic anhydrase

Figure 1 of 10 =




ACS Publications

MOST TRUSTED. MOST CITED. MOST READ,

= & ®m Q
References

1. Kutzler, M. A.; Weiner, D. B. Nat. Rev.
Genet. 2008, 9, 776788 [CrossRef]
[PubMed)] [CAS]

2. Jobling, M. A.; Gill, P. Nat. Rev.
Genet. 2004, 5, 739-751 [CrossRef]
[PubMed] [CAS]

3. Krishnan, Y.; Simmel, F C. Angew.
Chem., Int. Ed. 2011, 50, 3124-3156
[CrossRef] [CAS]

4, Lukin, M.; de los Santes, C. Chem.
Rev. 2006, 106, 607685 [CrossRef]
[PubMed] [CAS]

5. Roder, B.; Fruhwirth, K.; Vogl, C.;
Wagner, M.; Rossmanith, P. 1. Clin.
Microbiol. 2010, 48, 4260-4262 [CAS]

&. Bonnet, J.; Colotte, M.; Coudy, D.;
Cougallier, V.; Portier, J.; Morin, B.; Tuffet,
S. Nucleic Acids Res. 2010, 38,
1531-1546 [CrossRef] [PubMed] [CAS]

7. Kokorin, A, Ed. Ionic Liquids:
Applications and Perspectives; InTech:
Rijeka, Croatia, 2011.

8. Qin, W,; Li, S. F Y. Analyst 2003, 128,
37-41 [CrossRef] [PubMed] [CAS]

9. Nishimura, N.; Nomura, Y.; Nakamura,
M.; Ohno, H. Biomaterials 2005, 26,
5558-5563 [CrossRef] [PubMed] [CAS)

10. Wang, 1. H.; Cheng, D. H.; Chen, X.

W.; Du, Z,; Fang, Z. L. Anal. Chem. 2007,

79, 620-625 [CraossRef] [PubMed] [CAS]

11. de Zoysa, R. 5. 5.; Jayawardhana, D.

A; Zhao, Q.; Wang, D.; Armstrong, D. W.;

Guan, X.1. Phys. Chem. B 2009, 113,
13332-13336 [CrossRef] [PubMed] [CAS]

12. Vijayaraghavan, R.; Izgorodin, A.;
Ganesh, \.; Surianarayanan, M.;
MacFarlane, D. R. Angew. Chem., Int.

WI.’,’¢'DO//__"'Eé Q @150%@%@

Add this article to your ACS ChemWorx Library

Find it again in your ACS ChemWaorx library or return to this page.

With ACS ActiveView PDF, you can:

+  Automatically sync your annotations as you work.
+ Access your article and annotations from anywhere, with a

browser or the ACS ChemWorx apps.
JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

Learn more about ACS ActiveView PDF.

Groove Binding Mechanism of lonic Liquic _
ege . N . Citethis article while you write.
Term Stablllty Of DNA in HYdrated lonic Li Find out moreabout thisand other ACS Chemorx features.

Aneesh Chandran, Debostuti Ghoshdastidar, and Sanjib Senapati*®

Department of Biotechnology, Indian Institute of Technology Madras, Chennai 600036, India
© Supporting Information

ABSTRACT: Nucleic acid sample storage is of paramount
importance in biotechnology and forensic sciences. Very
recently, hydrated ionic liquids (ILs) have been identified as
ideal media for long-term DNA storage. Hence, understanding
the binding characteristics and molecular mechanism of
interactions of ILs with DNA iz of both practical and
fundamental interest. Here, we employ molecular dynamics
simulations and spectroscopic experiments to unravel the key
factors that stabilize DNA in hydrated ILs. Both simulation
and experimental results show that DNA maintains the native
B-conformation in ILs. Simulation results further suggest that,
apart from the electrostatic association of IL cations with the
DNA backbone, groove binding of IL cations through
hydrophobic and polar interactions contributes significantly to DNA stability. Circular dichroism spectral measurements and
fluorescent dye displacement assay confirm the intrusion of IL molecules into the DNA minor groove. Very interestingly, the IL
ions were seen to disrupt the water cage around DNA, including the spine of hydration in the minor groove. This partial
dehydration by ILs likely prevents the hydrolytic reactions that denature DNA and helps stabilize DNA for the long term, The
detailed understanding of IL—DNA interactions provided here could guide the future development of novel ILs, specific for
nueleic acid solutes,
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ABSTRACT: Nucleic acid sample storage is of paramount
importance in biotechnology and forensic sciences. Very
recently, hydrated ionic liquids (ILs) have been identified as
ideal media for long-term DNA storage. Hence, understanding

the binding characteristics and molecular mechanism of

interactions of ILs with DNA is of both practical and
fundamental interest. Here, we employ molecular dynamics
simulations and spectroscopic experiments to unravel the key
factors that stabilize DNA in hydrated ILs. Both simulation
and experimental results show that DNA maintains the native
B-conformation in ILs. Simulation results further suggest that,
apart from the electrostatic association of IL cations with the
DNA backbone, groove binding of IL cations through

hydrophobic and polar interactions contributes significantly to DNA stability. Circular dichroism spectral measurements and
fluorescent dye displacement assay confirm the intrusion of IL molecules into the DNA minor groove. Very interestingly, the IL
ions were seen to disrupt the water cage around DNA, including the spine of hydration in the minor groove. This partial
dehydration by ILs likely prevents the hydrolytic reactions that denature DNA and helps stabilize DNA for the long term. The
detailed understanding of IL—DNA interactions provided here could guide the future development of nowvel ILs, specific for

nucleic acid solutes.
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utilizes the basic natural principles of anhydrobiosis, is
becoming a more attractive alternative to the conventional
cold storage of DNA® Nonetheless, there is a continuous
inquest to develop suitable media for long-term preservation of
DNA.

Tonic liquids (ILs) have found a wide range of applications in
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ABSTRACT: Nucleic acid sample storage is of paramount
importance in biotechnology and forensic sciences. Very
recently, hydrated ionic liquids (ILs) have been identified as
ideal media for long-term DNA storage. Hence, understanding
the binding characteristics and molecular mechanism of
interactions of ILs with DNA is of both practical and
fundamental interest. Here, we employ molecular dynamics
simulations and spectroscopic experiments to unravel the key
factors that stabilize DNA in hydrated ILs. Both simulation
and experimental results show that DNA maintains the native
B-conformation in ILs. Simulation results further suggest that,
apart from the electrostatic association of IL cations with the
DNA backbone, groove binding of IL cations through
hydrophobic and polar interactions contributes significantly to DNA stability. Circular dichroism spectral measurements and
fluorescent dye displacement assay confirm the intrusion of IL molecules into the DNA minor groove. Very interestingly, the IL
ions were seen to disrupt the water cage around DNA, including the spine of hydration in the minor groove. This partial
dehydration by ILs likely prevents the hydrolytic reactions that denature DNA and helps stabilize DNA for the long term. The
detailed understanding of IL—DNA interactions provided here could guide the future development of nowvel ILs, specific for
nucleic acid solutes.

1. INTRODUCTION

DNA, apart from being a natural biological information carrier,
has also been recognized as a key component in pharmaceutical
and forensic realms and a crucial'material in the development of
advanced molecular devices!™ For example, it has been
reported that DNA vaceination confers protective immunity
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utilizes the basic natural principles of anhydrobiosis, is
becoming a more attractive alternative to the conventional
cold storage of DNA® Nonetheless, there is a continuous
inquest to develop suitable media for long-term preservation of
DNA.

Tonic liquids (ILs) have found a wide range of applications in
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ABSTRACT: Nucleic acid sample storage is of paramount
importance in biotechnology and forensic sciences. Very
recently, hydrated ionic liquids (ILs) have been identified as
ideal media for long-term DNA storage. Hence, understanding
the binding characteristics and molecular mechanism of
interactions of ILs with DNA is of both practical and
fundamental interest. Here, we employ molecular dynamics
simulations and spectroscopic experiments to unravel the key
factors that stabilize DNA in hydrated ILs. Both simulation
and experimental results show that DNA maintains the native
B-conformation in TLs. Simulation results further suggest that,
apart from the electrostatic association of IL cations with the
DNA backbone, groove binding of IL cations through
hydrophobic and polar interactions contributes significantly to DNA stability. Circular dichroism spectral measurements and
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ABSTRACT: Nucleic acid sample storage is of paramount
importance in biotechnology and forensic sciences. Very
recently, hydrated ionic liquids (ILs) have been identified as
ideal media for long-term DNA storage. Hence, understanding
the binding characteristics and molecular mechanism of
interactions of ILs with DNA is of both practical and
fundamental interest. Here, we employ molecular dynamics
simulations and spectroscopic experiments to unravel the key
factors that stabilize DNA in hydrated ILs. Both simulation
and experimental results show that DNA maintains the native
B-conformation in ILs. Simulation results further suggest that,
apart from the electrostatic association of IL cations with the
DNA backbone, groove binding of IL cations through

hydrophobic and polar interactions contributes significantly to DNA stability. Circular dichroism spectral measurements and
fluorescent dye displacement assay confirm the intrusion of IL molecules into the DNA minor groove. Very interestingly, the IL
ions were seen to disrupt the water cage around DNA, including the spine of hydration in the minor groove. This partial
dehydration by ILs likely prevents the hydrolytic reactions that denature DNA and helps stabilize DNA for the long term. The
detailed understanding of IL—DNA interactions provided here could guide the future development of novel ILs, specific for

nucleic acid solutes.
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Figure 1. (a) Radial distribution functions (RDFs) of IL ions in
different DNA regions. Color scheme: cation—phosphate, brown;
cation—major groove, magenta; cation—minor groove, blue; anion—
phosphate, green; anion—major groove, red; anion—minor groove,
black. The following sites were considered for calculating the RDFs:
center-of-mass (COM) of the imidazolium ring for the cation, Cl~ for
the anion. P for the nhosnhate oranmn. electroneeative sites N3 and 02,
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cationic carbon atoms (either C2 or C3 and C4) pointing
toward the bases. In this orientation, the C—H of the
imidazolium ring forms hydrogen bonds with the acceptor
groups in the nucleotides. However, the geometries of these
hydrogen bonds were found to depart significantly from
linearity since, in most cases, these interactions involved three
sites. Por example, a three-centered bifurcated H-bond was seen
to be prevalent between C—H and the pair of adenine N3 and
thymine O2 or between C—H and the pair of adenine N3 and
cytosine O2. Some of these three-centered hydrogen bonds
formed a bridge between the bases and ribose sugars of the two
opposite DNA strands through the electronegative sites in
bases and O4' atom in riboses. Three-centered hydrogen bonds
were also observed for the bases and riboses of the same strand
(Figure S4c, Supporting Information). Such an intrusion of
[BMIM]* cations into the DNA minor groove and their mode
of interactions resemble the binding of known DNA minor
groove binders DAPI, netropsin, distamycin, etc3'? Table S2
(Supporting Information) lists the occurrences (%) of these
hydrogen bonds. As the table indicates, the IL cations spend
more time with adenine and cytosine with average occurrences
of H-bonds of >60%. Such a preferential H-bonding was also
noted for many known minor groove binders.*! The presence
of the bulky —~NH, group makes guanine the least accessible H-
bond partner. Owing to the perpendicular orientation of
[BMIM]* cations with respect to the groove bases, cationic
carbon atoms on the opposite face of the imidazolium ring (i.e,,
C3 and C4 when C2 is hydrogen bonded to bases and vice
versa) are exposed to the bulk and form H-bonds with water.
The proximity and parallel facing of the alkane groups of
[BMIM]* cations to the ribose sugar rings imply the possible
existence of weak CH--x interactions as well.

Overall, the results from Figures 1 and S3 and $4
(Supporting Information) indicate that, irrespective of the
concentration of our model IL in solution, a certain fraction of
IL cations always enter the DNA minor groove. The finding
was further strengthened by simulating two different sequences
of the DNA dodecamer (5'-d(GCAAACGTTTGC),-3" and §'-
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cationic carbon atoms (either C2 or C3 and C4) pointing
toward the bases. In this orientation, the C—H of the
imidazolium ring forms hydrogen bonds with the acceptor
groups in the nucleotides. However, the geometries of these
hydrogen bonds were found to depart significantly from
linearity since, in most cases, these interactions involved three
sites. For example, a three-centered bifurcated H-bond was seen
to be prevalent between C—H and the pair of adenine N3 and
thymine O2 or between C—H and the pair of adenine N3 and
cytosine O2. Some of these three-centered hydrogen bonds
formed a bridge between the bases and ribose sugars of the two
opposite DNA strands through the electronegative sites in
bases and O4' atom in riboses. Three-centered hydrogen bonds
were also observed for the bases and riboses of the same strand
(Figure S4c, Supporting Information). Such an intrusion of
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Figure 1. (a) Radial distribution functions (RDFs) of IL ions in
different DNA regions. Color scheme: cation—phosphate, brown;
cation—major groove, magenta; cation—minor groove, blue; anion—
phosphate, green; anion—major groove, red; anion—minor groove,
black. The following sites were considered for calculating the RDFs:
center-of-mass (COM) of the imidazolium ring for the cation, CI~ for

the anion. P for the nhasnhate orann. electroneeative sites N3 and (2.
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cationic carbon atoms (either C2 or C3 and C4) pointing
toward the bases. In this orientation, the C—H of the
imidazolium ring forms hydrogen bonds with the acceptor
groups in the nucleotides. However, the geometries of these
hydrogen bonds were found to depart significantly from
linearity since, in most cases, these interactions involved three
sites. For example, a three-centered bifurcated H-bond was seen
to be prevalent between C—H and the pair of adenine N3 and
thymine O2 or between C—H and the pair of adenine N3 and
cytosine O2. Some of these three-centered hydrogen bonds
formed a bridge between the bases and ribose sugars of the two
opposite DNA strands through the electronegative sites in
bases and O4' atom in riboses. Three-centered hydrogen bonds
were also observed for the bases and riboses of the same strand
(Figure S4c, Supporting Information). Such an intrusion of
[BMIM]* cations into the DNA minor groove and their mode
of interactions resemble the binding of known DNA minor
groove binders DAPI, netropsin, distamycin, etc*** Table $2
(Supporting Information) lists the occurrences (%) of these
hydrogen bonds. As the table indicates, the IL cations spend
more time with adenine and cytosine with average occurrences
of H-bonds of >60%. Such a preferential H-bonding was also
noted for many known minor groove binders.®! The presence
of the bulky —NH, group makes guanine the least accessible H-
bond partner. Owing to the perpendicular orientation of
[BMIM]* cations with respect to the groove bases, cationic
carbon atoms on the opposite face of the imidazolium ring (i.e.,
C3 and C4 when C2 is hydrogen bonded to bases and vice
versa) are exposed to the bulk and form H-bonds with water.
The proximity and parallel facing of the alkane groups of
[BMIM]* cations to the ribose sugar rings imply the possible
existence of weak CH--x interactions as well.

Overall, the results from Figures 1 and S3 and S4
(Supporting Information) indicate that, irrespective of the
concentration of our model IL in solution, a certain fraction of
IL cations always enter the DNA minor groove. The finding
was further strengthened by simulating two different sequences
of the DNA dodecamer (5’-d(GCAAACGTTTGC),-3" and 5'-
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15 T T T T T T T cationic carbon atoms (either C2 or C3 and C4) pointing
toward the bases. In this orientation, the C—H of the
imidazolium ring forms hydrogen bonds with the acceptor
groups in the nucleotides. However, the geometries of these
hydrogen bonds were found to depart significantly from
linearity since, in most cases, these interactions involved three
sites. For example, a three-centered bifurcated H-bond was seen
to be prevalent between C—H and the pair of adenine N3 and
thymine O2 or between C—H and the pair of adenine N3 and
C)r‘tusine Q2. Some of these three-centered h)’drngen bonds
formed a hridge between the bases and ribose sugars of the two
opposite. DNA strands through the electronegative sites in
bases and O4” atom in riboses. Three-centered hydrogen bonds
were also observed for the bases and riboses of the same strand
(Figure S4c, Supporting Information). Such an intrusion of
[BMIM]" cations into the DNA minor groove and their mode
of interactions resemble the binding of known DNA minor
groove binders DAPI, netropsin, distamycin, ete % Table 82
(Supporting Information) lists the occurrences (%) of these
hydrogen bonds. As the table indicates, the IL cations spend
more time with adenine and cytosine with average occurrences
of H-bonds of >60%. Such a preferential H-bonding was also
noted for many kn_wn minor groove binders.** The presence
of the bulky —NH, g . tessible H-
bond partner. Owi . B ' atation of
[BMIM]* in major o 3 [BMIM]" cations W 47 minute ago by me 5, cationic
groove carbon atoms on the GpposteHce oF e TdaZoNm ring (ie.,
J ' C3 and C4 when C2 is hydrogen bonded to bases and vice
versa) are exposed to the bulk and form H-bonds with water.
' The proximity and parallel facing of the alkane groups of
[BMIM] with PO, . [BMIM]" cations to the ribose sugar rings imply the possible
existence of weak CH---x interactions as well.
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