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Hydrogen Bonding in Biological Structure:

l. Introduction to Hydrogen Bonds

Unchulee Suksangpanya’

Why is the hydrogen bond so important

in biological structures?

Hydrogen bonds are essential for life
processes owing to their functional properties.
They are weak interactions relative to covalent or
ionic bonds. Therefore, they can be switched on or
off with energies that are within the range of
thermal fluctuations at life temperatures. This means
that processes, which require fast intermolecular
recognition and reaction, can easily occur. Stronger
interactions, with bonding energies well in excess
of those attained by hydrogen bonding, would
seriously impede the flow of biological information
and events.

Perhaps the most important example of the
hydrogen bond in biological system is base pairing
in the DNA double helix. A single DNA strand is
composed of purine (adenine and guanine) and
pyrimidine (thymine and cytosine) bases linked to a
backbone of phosphorylated sugars. The DNA double

helix combines two antiparallel strands which are

held together by complementary hydrogen bonds
between pairs of bases. The hydrogen bonds on the
nucleic acid bases are arranged such that adenine
(A) forms two hydrogen bonds with thymine (T),
whilst guanine (G) complements cytosine (C) with
the formation of three hydrogen bonds. Therefore
only A-T and G-T base pairs usually form
(Figure 1).

The specificity which is so typical for
biological processes is not achieved by a very
specific, single interaction. In contrast, the
unspecific hydrogen bond is employed and
specificity 1s due to the simultaneous formation of
several hydrogen bonds between sterically
complementary organized donors and acceptors to
form a pattern as in Fischer s old concept, a key
fits into a lock. Hence, the relative unspecificity
and the weakness of the hydrogen bond of only
~3 kcal/mol are of prime importance for life,
so much that life without hydrogen bonds is

impossible.

Department of Chemistry, Faculty of Science, Khon Kaen University, Khon Kaen 40002
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Figure 1

Definition of hydrogen bond

A hydrogen bond 1s the attractive force
that arises between the donor covalent pair D-H in
which a hydrogen atom H is bound to a more
electronegative atom D, and other noncovalently
bound nearest neighbor electronegative acceptor
atoms A (D-H...A). The electron formally
associated with the hydrogen atom is involved in

D-H bond. Its center of mass is

the covalent
displaced relative to the hydrogen atom position in
the direction of the center of the bond and the
hydrogen atom becomes descreened. This gives rise
to a dipole with positive charge at the hydrogen end
of the D-H bond, irrespective of whether D carries
a net charge. It is the Coulombic interaction of the
dipole with the excess electron density at the
acceptor atoms that forms the hydrogen bond

interaction: strong and weak hydrogen bonds have

very different properties, as shown in Table 1.
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Hydrogen bonds between pairs of bases in the DNA double helix

Strong hydrogen bonds are quantitatively
different in most of their properties from molecule
or weak bonds (Emsley, 1980). When D is an
exceedingly electronegative atom and A has an
exceptionally large excess of electron charge, strong
hydrogen bonds are formed. With very strong
hydrogen bonds, such as F-H..F  (Buzzeo et al.,
2003), the structural distinction between the
covalent F-H bond and the H...F hydrogen bond
disappears, since the hydrogen atom lies at or close
to the mid-point of the F...F line of centres. F...H...F
Strong, almost symmetrical, hydrogen bonds are also
observed when the donor group is a cation or the
acceptor group is an anion, as in O'-H...O or
O-H...O, respectively (Table 1). The range of bond
lengths observed in crystal structures for a
particular type of strong hydrogen bonds is very
narrowly defined and characteristic for that type,
since crystal field forces are relatively weak and of

almost no influence.
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Table 1 Properties of very strong, moderate and weak hydrogen bonds

Properties Very strong bonds Moderate and weak bonds
Types of bonds F-H. F D-H...A
O-H. O (A 1s an electronegative atom)
O -H. O Two-, three- and four-center bonds
Only two-center bonds
Bond lengths Narrow range Broad range
H..A 12to1.5A H..A 15t03.0A
H...A ~D-H H...A>D-H
Bond angles Strongly directional Weakly directional
D-H...A ~ 180° D-H...A = 160+20°

The weaker hydrogen bond has a longer
H...A interaction with the range of 1.5-3.0 A; more
restrictively, 1.5-2.2 A for moderate hydrogen bonds
and 2.2-3.0 1& for weak hydrogen bonds. Moderate
and weak hydrogen bonds are not linear, with the

D-H...A angle of 160120 . The hydrogen atom is

always unsymmetrically located so that one bond
can be clearly associated with the covalent bond,
while the other interactions can be identified as the
hydrogen bond. The interaction is primarily
electrostatic in nature. Moderate hydrogen bonds,
such as O-H...O=C, N-H...O=C and O-H...O-H, are
able to control crystal and supramolecular structure
effectively. Whilst, the influence of weak hydrogen
bonds, such as C-H..O and O-H..., on crystal
structure and packing is variable. For the hydrogen
bonds commonly observed in biological structures,
the hydrogen atom 1s always unsymmetrically
located so that one bond can be clearly associated
with the covalent bond. The distinction between
strong and moderate hydrogen bonds is blurred.
To assign a hydrogen bond in the borderline

regions, chemical considerations are more advisable

than numerical criteria and cut-off definitions.

Hydrogen bond configuration

The hydrogen bonds observed in crystal
structure are rarely linear. Owing to the “softness
of the hydrogen-bond bending force constants, there
is a balance between the equilibrium 180° and the
greater probability of bonds making a smaller angle.
The most probable value of angles observed for
various samples of hydrogen bonds is around 165°,
a value that 1s consistent with theoretical
calculations of O-H...O bonds using ab-initio
quantum mechanics on model systems (Newton
et al., 1979). Nevertheless, this does not imply that
linearity is not the most stable configuration for
a hydrogen bond between isolated donor and
acceptor molecules or between hydrogen-bonded
dimers in the gas phase.

However, there is another reason why a
hydrogen bond may not be linear. This is due to an
attractive force to a second acceptor, as in the
configuration I (Figure 2). This configuration I was

first proposed by Albrecht and Corey, who applied

the descriptor bifurcated bond in 1939 to account
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for the non-hydrogen bond geometry of the N'-H
and C'=0 groups in the crystal structure of
O-glycine (Albrecht and Corey, 1939). As neutron
diffraction and more accurate X-ray crystal
structure analyses have become available, it is clear
that this configuration I 1s quite common in the
crystal structures of many biological small
molecules. Surveys of the peptide NH...O=C
hydrogen bond (Taylor et al., 1984) and hydrogen

g, FL-A
- ya
D—HI « —D\
0, ‘r"z"-., ,
I

bonds in carbohydrates (Jeffrey and Takagi, 1978;
Ceccarelli et al., 1981; Jeffrey and Mitra, 1983),
amino acids (Jeffrey and Maluszynska, 1982)
purines and pyrimidines (Jeffrey and Maluszynska,
1986) and nucleosides and nucleotides (Jeffrey
et al.,, 1985) indicate that between 25% and 40%
of the bonds in a sample of structures may be

of this type.

Figure 2 Configurations I, II and III

Unfortunately the descriptor “bifurcated
hydrogen bond was also used for the quite
different configuration II (Figure 2) in the very
influential 1960 edition of The Hydrogen Bond
(Pimentel and McClellan, 1960). Later on, the term
“bifurcated has also been applied to the
configuration IIl (Figure 2) proposed for
interactions between water and dimethyl phosphate
or formate ions (Alagona et al., 1983). To avoid
confusion, the term three-centered has been applied
to the configuration where the hydrogen atom is
located between three electronegative atoms, being
covalently bound to one and hydrogen bonded to
the other two. The configuration I is defined
geometrically by the condition that the hydrogen
atom lies i1n or close to the plane of the
three-bonded atoms, as required by an attractive

force to the two acceptors.

Four-center hydrogen bond configurations,
as in IV (Figure 3), are also observed, but much
less frequently. In the four-center hydrogen bonds,
the proton makes three first neighbor contacts to
potential hydrogen-bond acceptor atoms in the
forward direction with respect to the donor D-H
bond. The geometrical definition 1s less rigorous
than that for three-center bonds, since it requires
only that the D-H...A, A, A" angles are greater than
90°. The configuration V (Figure 3) has also been
considered, mainly in connection with water
structure, and the descriptor tandem hydrogen bonds
applied. This configuration V has been postulated to
occur 1n a few crystal structures, including that of

Ol-cyclodextrin 7.57 H O (Chacko and Saenger, 1981).
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Figure 3 Configurations IV and V
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Abstract

A method for detection of plaunotol by thin layer chromatography (TLC) was modified using silica
gel G60 Fm plates. The chromatograms were visualized under ultraviolet light (254 nm) with a sensitivity
of 0.83 g, which 1s approximately 3 times higher than that obtained from the method using reaction with
iodine (2.50 g ). The modified method was used to study the production of plaunotol in callus cultures
from leaves of plau-noi. Calluses were grown on various formulations of solid media. Extracts of callus
were analyzed on TLC and the mobile phase systems were mixtures of chloroform and ether at 3 different
ratios (v/v) including 4:1, 5:1 and 3.5:1. The results demonstrated the capability of plaunotol production in
calluses grown on a medium solidified with 2% agarose. Nevertheless, cultures on a medium solidified with
0.7% agar (control medium) containing 25% magnesium sulfate or especially 0.6% sodium chloride
were suggested to produce derivatives of plaunotol. Such interpretation was made since one spot in
chromatograms was observed at the approximate position of standard plaunotol on TLC using a mixture of
chloroform:ether at the ratio of 4:1 v/v as a mobile phase. However, the relative mobility of the spot was
away from that of standard plaunotol when the ratio was changed to 5:1 v/v and 3.5:1 v/v in the study of

magnesium sulfate and sodium chloride effects respectively.
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Abstract

Basic data on breeding the captive eastern sarus crane (Grus antigone sharpii) at Khao Kheow
Open Zoo were collected. The cage was divided into 2 parts, confining and breeding compartments.
Breeding behavior including dancing, unison calling, mating, nesting, incubating, hatching and chicking was
studied. The female bird started to nest in early June 2000 and laid the first and second eggs on June 25
and 27. Only one egg hatched on July 30. Both the male and female birds were responsible for incubating

and chicking.
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Abstract

The investigation of protozoa in some areas of the Phong River, Khon Kaen province was made
at two-month intervals between July 2001 and June 2002. Thirteen classes and seventy-eight species of
protozoa were recorded; one species of Class Karyorelictea, eight species of Class Spirotrichea, two species
of Class Prostomatea, four species of Class Litostomatea, four species of Class Phyllopharyngea, two species
of Class Nassophorea, seven species of Class Oligohymenophorea, thirty-two species of Class Euglenoidea,
three species of Class Phytomonadea, one species of Class Cryptomonadea, two species of Class Dinoflagellata,
eleven species of Class Lobosea, and one species of Class Heliozoea. Almost all of the protozoa but Class

Phyllopharyngea had similar distribution at all stations. Five species of protozoa were abundant: Aspidisca
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costata, Coleps hirtus, Cyclidium glaucoma, Peranema
trichophorum and Chilomonas paramecium. Fifteen
species of protozoa that may be used as a
bio-indicator of water quality were recorded: Aspidisca
costata, Chilodonella cucullulus, Cyclidium glaucoma,
Euplotes aediculatus, Entosiphon sp., Euglena caudata,
E. ehrenbergii, Phacus torta, Trachelomonas
armata, Trachelomonas sp.3, Trachelomonas sp.4
Chlamydomonas sp., Pandorina morum, Glenodinium
sp. and Podophrya fixa. Values were recorded for
water temperature (22.0-31.5°C), dissolved oxygen
(3.1-6.2 mg/l), pH (7.1-7.7), electrical conductivity
(143.7-2,690 US/cm), total dissolved solids
(88.9-1,788 mg/l) and salinity (0.0-0.5 ppt). Water

quality of sample sites were at level 2, 3, 4 and 5

according to the Thai Water Pollution Standard.
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Class Euglenoidea
Euglena polymorpha
E. poxima

E. oxyuris

E. spiroides

Euglena sp.1

FEuglena sp.2

Euglena sp.3

Euglena sp.4

Phacus acuminata

P. alata

P. longicauda

P. pleuronectes

P. pyrum

P. torta

Phacus sp.1

Phacus sp.2
Trachelomonas armata
T. hispida

T. horida

T. wrceolata
Trachelomonas sp.1
Trachelomonas sp.2
Trachelomonas sp.3
Trachelomonas sp.4
Anisonema emerginatum
Entosiphon sulcatum
Entosiphon sp.
Peranema trichophorum

Class Phytomonadea
Chlamydomonas sp.
Pandorina morum
Synura uvella

Class Cryptomonadea
Chilomonas paramecium

Class Dinoflagellata
Ceratium hirundinella
Glenodinium sp.

Amoebozoa

Class Lobosea

Order Gymnamoebia
Amoeba dubia

A. gorgonia

A. proteus

A. radiosa

Mayorella sp.
Pelomyxa carolinensis
P. palustris
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Class Lobosea
Order Testacealobosia
Arcella dentata - + - + - = + .
A. discoides - “ . + § i . +
A. vulgaris + + + + + + - +
Arcella sp. + - - - & 3 2 -
Difflugia acuminata - + - + u . 5 2
Difflugia oblonga + - . - - 2 - 8
Difflugia sp. + - . - . * 5 A
Actinopoda
Class Heliozoea
Actinophrys sol ++ + - - + + - ”
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Class Karyorelictea

Loxodes rostrum + - + + . +
Class Spirotrichea

Spirostomum sp. + . + + > .
Stentor coeruleus ++ ++ ot + + +
S. polymorphus + + + + + -+
Halteria grandinella - - ++ + = .
Stylonychia mytilus e +4 o+ + + ER
Aspidisca costata +++ ++ 4+ ot + ++
Euplotes aediculatus ++ ++ ++ ot - ++
E. patella - ks - b . X
Class Prostomatea

Coleps hirtus +++ ++ ++ +++ b4 +
C. octospinus ++ ++ + ++ . %
Class Litostomatea

Didinium nasutum - + + + - ;
Dileptus anser + ’ " : + 2
Lacrymaria olor ++ s ++ ++ + ++-
Trachelophyllum clavatum + + + ++ 2 +
Class Phyllopharyngea

Chilodonella cucullulus b - + ++ + ++
C. uncinata . + ++ - . ot
Cinetochilum margaritacum - + ++ + = z
Podophrya fixa - + + - + ++
Class Nassophorea

Paramecium aurelia + " + + . +
P. caudatum R ot ++ ++ 44 NUROX]
Class Oligohymenophorea

Cyclidium glaucoma +++ g +++ et - +++
Loxocephalus plagius - + + - . "
Tetrahymena pyriformis - - ++ + . 4
Urocentrum turbo + + - + + }
Uronema sp. - + " + + }
Vorticella campanula - + + + - .
V. convallaria + - ++ + 4 o
Class Euglenoidea

Euglena acus ++ e+ -+ ++ ++ He
E. caudata - + - - . .
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Class Euglenoidea
Euglena deses + . + + + .
E. ehrenbergii - - + . g :
E. polymorpha - + - - - +
E. proxima - - - . + .
E. oxyuris + + + + + +
E. spiroides + + + + + +
Euglena sp.1 - - - + 4 .
Euglena sp.2 - - + . . .
Euglena sp.3 . - " 4 . +
Euglena sp.4 - + - . + +
Phacus acuminata - . + + + ”
P. alata - + - : ++ i
P. longicauda A+t R t +4 ++ CETE
P. pleuronectes 4 e +t ++ i ++
P. pyrum - - + + ++ -
P. torta ++ - ++ 4+ + 4
Phacus sp.1 + - + + . +
Phacus sp.2 + + + + = +
Trachelomonas armata + + - + + +
T. hispida - . i+ ; : -
T. horida - - + , ; -
T. urceolata - + + + - .
Trachelomonas sp.1 + + . + + +
Trachelomonas sp.2 - + B + - ’
Trachelomonas sp.3 + - - - + :
Trachelomonas sp.4 + . + - ; +
Anisonema emerginatum - + + + - 3
Entosiphon sulcatum - - + - " ;
Entosiphon sp. + - - + +4 3
| Peranema trichophorum et +++ o et ++ e
Class Phytomonadea
Chlamydomonas sp. ++ - + ¥ ++ ++
Pandorina morum + - + + + &
Synura uvella + + + + +
Class Cryptomonadea
Chilomonas paramecium ++ ++ b et ot ++
€hass Dinoflagellata
Ceratium hirundinella - . +1 4t - .
Glenodinium sp. - - ++ + + :
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