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A crowded conditions often causes phase separation of biomolecules. For example, double-
stranded DNA (dsDNA) can packed into a liquid crystalline phase by high concentrations of
coexisting molecules. In in vitro experiments, dsDNA liquid crystals were formed by adding
polymer in aqueous-salt buffer solution. Here we report the observation of a novel DNA liquid
crystal formed under aqueous-salt poly(ethylene glycol) (PEG) solution. Independent micro-sized
hexagonal platelet was built from one pair of short dsDNA and clearly observed even by ordinary
optical microscopy. Each DNA strand has complementary overhangs promote stacking between
the dsDNAs in the liquid crystalline phase through hydrogen bonding of base pairs. Parallel
alignments of short dsDNA in the condensed hexagonal platelet were strongly suggested by
polarization microscopy observation. The formation of the hexagonal DNA was highly dependent
on the sequence and concentrations of DNA and PEG in solution. On the other hand, from the
viewpoint of application to materials, the electrical conductivity of dsDNA has been investigated
for decades. Our group have studied the
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Figure 2. Representative CD spectra of B-
form dsDNA in aqueous buffer solution and
cholesteric liquid crystalline DNA in 40 %
PEG solution containing NaCl with sketches
of cholesteric liquid crystal.
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Figure 3. Merged DIC and fluorescence
images of hexagonal DNA platelet in 40%
PEG solutions.
[DNA] = 20.2 uM, [SYBR Green 1] = 10 zM
and [NaCl] = 100 mM in pH 7.4 Tris-HCI buffer
(50 mM).

Experimental conditions:
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Figure 4. Hexagonal platelet formation as a
function of DNA and PEG concentrations.
Merged DIC and fluorescence images of
hexagonal DNA platelet in pH 7.4 Tris-HCI
buffer solutions. Experimental conditions:
[SYBR Green I] =10 xM and [NaCl] = 100 mM.
These observations were performed at 22 °C.
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Figure 5. Proposed schematic representation
of parallel alignment of dsDNA in a hexagonal
platelet. Stacked dsDNA is shown as a
column.
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Figure 6. Merged DIC and fluorescence images
of DNA condensates composed of (a) blunt-
ended dsDNA, (b) dsDNA with non-
complementary overhangs (GG/TT), (c) dsDNA
with complementary overhangs (GG/CC) and
(d) dsDNA with complementary overhangs
(AATT).
22 °C. Experimental conditions: [dsDNA] =
20.2 uM, [SYBR Green 1] = 10.0 M and [NaCl]
= 100 mM in pH 7.4 Tris-HCI buffer (50 mM)
containing 36.8% PEG.

Observations were performed at

Acc. Mater. Surf. Res. 2023, Vol.8 No.2, 107-115.

https://www.hyomen.org

iz,

7 1Z1% DNA 73 FOHEA ORI 47k L
7o NATRLE S O IZIE . ARG R A
T ORI LD B S M OELTT TR, K
EHENCHESTILENDD, EHELOHRT
I%. DNA KIEHRIZ iR EE D PEG 253 £ T
%, PEG EJZIRIE T T DNA 0 FVEAT 5L,
PEBRIFEDIANZLY  PEG 431D 8T 522 ]
DL, = hrE —OHER B 5, £ DT
¥ DNA 43 1 [Fl LIk 18 77 OEb TS5 )
DB EM, AT HOEADERTHHT
EME Z 5D, DNA EE O KIZIEEIR
DNA 43O J& JH O s P A58 55 & U CHERR (&
2R LT, A RIBREN Lo &0 L E
RNAFEHLLRD | W5 OBEET TR 5 (8L AT
AE72 10um ZHR 2 D IO E AR S =2
SR, BB ICELYI E R & R T bR A R E
TAVIXIVAFREE LT 47 Tay sl
THERALIZZO TR VInhEEEHITEZTH
Do
FINATEEL DNA K ah % 3 Te/KE IR OWOE
FEOREEAREEITTEZA, AR
DNA 78 —A#{ DNA [ZAFRfE 2l e kv
ARUNRFE (30-45°C) 1233\ T L WG REMM K EL
BACT DH TR I N B A Z N B b7
STz BEE L EZSERRLRNAIE DNA K
g DN ZZ BB LI 24T o 7o R 5L izl
BT 6 FE AR N S = A1 FE R X . DNA
AR L CIHAR T ARSI EIE — L
Tz, Wt BT IR G R O I OFE R R
RROZIZEDLDOTHDLZENEXBND, IR
FE EFITRY, DNA #Eéa3 £ A48 DNA &

Vertical assembly Lateral assembly

DNA

A% — e
0% e We

PEG Excluded volume

End-to-end
adhesion

DNA

Figure 7. lllustrations of end-to-end adhesion
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hexagonal liquid crystal driven by depletion

interaction caused by PEG.
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Figure 9. (a) "YU as a hole injector and ®*G as a
hole trapping nucleobase. (b) CD spectra of
dsDNA containing "YU and G in PEG mixed
solutions 30% (black line) and 40% (blue line).
Experimental conditions: [dsDNA] = 4.0 M,
[SYBR Green 1]=10.0 zM and [NaCl] = 100 mM
in pH 7.4 Tris-HCI buffer (50 mM). (c)
lllustrations of electron transfer between "YU and
G (or °°G) through DNA in liquid crystalline
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LD,
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