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IMINO ACID RESIDUES PROLINE AND HYDROXYPROLINE
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ABSTRACT
Regular fourfold helical suuctates have been proposed for copolymers of glycine and
imino acid residues, profine and hydreryproline, with two and four units in monomer. In these
strucrures all the available WH groups are interchain hydrogen bonded. Energetically fourfold

helical structures are as favoursbhle as threefold helical structures.

Stereochemidally satisfac-

tory fourfold helical sttuctures are pessible with unic height # ranging from 2:7 to 3-1 A.

ROLINE and glycihe are important constituents of
collagen and related proteinsl. Sequential copoly-
mers of proline and glycine are model systems, the
physico-chemizcal studies of which can give information
about the structure and conformation of proteins which
are rich in these residues. Several sequential copoly-
mers of glycine and proline with tri and hexapeptide
units in the monomer and with glycine at every third
position have been investigated in detail as model sys-
tems for collagen. In general these copolymers form
triple  helical structures®. Recently, copolymers of
glycine and proline with two and four peptide units
in the monomer have been investigated in some
detail. For these types of copolymers, no satisfactory
structares have been proposed though some of them

are interpreted, under the conditions studied, o Le
otdered structures,

» »
F16. 1. Projection down the hchix axis of a fonsfold shuttuee o poly(Gly 1 Prod.
depoted by (~ ~ — =) are souphly perpendicular o the Jdain axis dtnd ate conbined o shers,

be arrangel in space such chat the pyrroldine qogs ate

As a part of our programme of studies on regular
fourfold helical structures for the backbone of poly-
petides, we have investigated int detail the “possibility
of ordered structures for copolymers of glycine and
imino acid residues, proline and hydroxyproline, with
two and four units in the monomer, Our modcl
building studies revealed that ordered structures are
indeed stereochemically feasible for these copolymers.

with, =k e e

For poly(Gly-L-Pro),” poly{(Gly—L-Hyp), ‘poly(Gly~-

Gly-L~Pro—-Gly) and  poly(Gly—-Gly-L-Hyp--Gly
circular  dichroism (CDD) studies in  solution’ have
been carried outd.  Under the conditions stadied,

poly (Gly—=L-Pro) and poly(Gly—Gly-L-Pro—Gly) are
interpreted as not ordered structures whereas poly(Gly—-
I-Hvp) and poly (Gly-Gly-L-Hyp-Gly) are otdered.”
However, no satisfactory structure has been proposed

so fat for any one of these. NMR studies on poly (Gly-

The bhydrogen boads
The shects can
(not shown hoee),  Individoal

closcdy pathed

chatns bave a- twofold screw and the backbone four-fold screw,
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FiG. 2. Projection down the helix axis of & fourfold stcucture of  poly(Gly-Gly-L-P-Gly) with iater-
chain hydrogen bonds. As in Figure 1, the hiydrogen bonds are roughly perpendidular to the chain axis and

form sheets 1n one direction. The sheets form a

that are roughly perpendicular to the layerss.

L-Pro) and poly(Gly-Gly~L-Pro-Gly) have also
been carried outt. The NMR data have been inter-
preted in terms of ¢fi-trens isomerization of the pep-
tide bond. For poly(Gly-L-Pro) using CD and NMR
data the possibilidy of isomerization 2boutr 2y engle of
the prolyl residue has been suggestedS, Because of
imino acid resdues both e-helix and beta stratture
ate ruled out. Further, triple chain association with
a network of hvdrogen bonds is also not possible
because of the sequence of tresidues. On the other
hand, stereochemically satisfactory fourfold helical
structures for the backbone of all the four copolypep-
tides can be built. In these stnictures all the available
NH groups are interchain hgdrogen bonded.

bilayer which are held together by hydrogen bonds

In general fourfold helical structures with interchain
hydrogen bonds ate possible depending upon the unit
height 5 and the criteria applied for the hydrogen
bond formation; the unit height b was found to be
restricted from 2¢7 to 3-1 A, for hydrogen bond
length (N...O) of 28 to 30 A amd the angle

HNO«;’,S%U“. For all the copolymers mentioned in this
paper we have chosen as examples fourfold helical
structures corresponding to # — — 4 and b — 2-8 A,
where 7 is the number of peptide units per turn of
the helix.

For poly (Gly-L-Pre) an arrangement is givén in
Pig. 1, which is a projection down the helix axis. For
the example shown in Fig. 1, the chain to chain
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distance is 4:75 A and the corresponding hydrogen
bond parameters are N,,.O = 29 A  and

HNO = 14°. The hydrogen bonds are roughly per-
pendicular to the chain axis and are confined to sheets.
These sheets can be arranged in space such that the
pyrrolidine rings are closely packed. Such o packing
arrangement leads to a monodinic or pseudo ortho
rhombic unit cell, In the case of poly (Gly~L-Hyp) the
interaction! between sheets will be further stabilized
by the participation of the hydroxyl group of Hydroxy-
proline in hydrogen bond formation,

For the copolymer of poly(Gly—Gly—L-Pro-Gly),
the projection down the helix of a fourfold helical

structure for the backbone is given in Fig. 2. Note
that all the NH groups are interchain hydrogen bonded.
As i poly(Gly-L-Pro), the hydrogen bonds are
roughly perpendicular to the chain axis and form sheets
in one direction, The structure in fact is 2 bilayer of
two such sheets held together by hydrogen bonds
which are roughly perpendicular to the layers. Such
bilayers can be packed in space involving close packing
of pyrrolidine rings. In the case of poly(Gly—-Gly-1-
Hyp~Gly) furthef stability is achieved by hydrogen
bond formation of the hydroxyl group: of hydroxy-
proline residue.

It is well known that the regular conformations
the polypeptides can have are the a-helix, the beta
form and the triple helix!. Each of these structures
can aggregate to form a’ hbre, the a-helix and the
triple helix By close packing of approximately cylin-
drical protofibrils and the beta form by stacking of
sheets, Indidentally, a—helix, beta form and triple
helix are single, double and triple chain hydrogen
bonded artangements. The single chain a--helix have
intrachain hydrogen bonds nearly parallel to the helix
axis. Fach chain in the beta form is a twofold helix
and the chains are aggregated in the form of sheets
with hydrogen bonds neatly perpendicular to the
chairy axis. Ia polyglycine 118, which is a typical
example for threefold arrangement, the chains are
packed in a hexagonal array, "each chain being
hydrogen bonded to its six neighbours. These hydro-
gen bonds lie roughly perpendicular to the chain axis,
and tun in several directions. Tn the fourfold helical
structures which are altogether different from  the
above three types of conformations, the hydrogen
bonds are also nearly perpendicular’ to the helix axis,
The a-helix, the beta form and the triple helix are
plotted in the (¢, p)—map and shown in Fig. 3. A
eypical fourfold stiucture s alwo plotted and is shown
by (). The ranges in (9, 1) values within which
fourfold helical structures  can  occur for copolymers

Fourfold Helical Structures for Proline and Hydroxyproline
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of glycine and imino acids cited ir this paper are also
shown in this figure, along with the donformational
energy contours for polyglycine and poly-L-proline?s,
We note that the fourfold type conformatinns presented
here lie close tp the threefold structures jin the con-
formational energy space and the energy difference
between the two types of structures is small. This
would  therefore indicate that the copolymers
mentioned in' this paper can take up regular fourfold
helical structures for the backbone. In addition, our
investigations revealed that these types of fourfold
structures are. also possible for other copolymers of
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Fic. 3. (¢, y)-map to show a~helix (a), beta
form { O), a triple helix {A) and a gypical fourlold
scrucrure ([)), Faergy contours for polyglycine aad
poly-L-proline are shown by (= = = «) and (=r=t=w )
respectively,  Tor polyglydine the encrgy Cﬂrrf:smnds
to 4 and 3 hkeals/mole and for poly-L-prolioe the
energy corresponds 0 5 and 10 keals/mole,  The
allowed  range for the fourfold and threefold  strucs
tures  are Jeaoted by (s U ) and (<~ ) *)
respeckively,
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cglyane and imino acid readues with two and four
resrducs 1n the monomer vnie and also for polvglycine
gend polv—lL-prolinc. The details of these will be

reporred  clsewherc,
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BIOISOMERISM IN CYCADS
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ABSTRACT

Left and nigh: handedness in Cyeas revoluta Thunb., and C. circinnalis L. (Cycadaceze)
with regird to spirality of -scale and foliage Jeaves are described. Left and right handed plants

occug at random in almost equal ratio, although the left Fanders are in shight excess. The phyllo.
taxy is symunetrical and multijugate in' both the species.

INTRODUCTION

HANDEDNESS in gympospermous plants though
hnown for over hundred yeurs since Beal® first
observed in cones of Picez (Pinacteae), this phenomenon
has - been recorded during this cenwury 10 Pinus
auciriaza’. Iln this communication, we describe obser-
vations on handedness in Cyaas revolutz Thunb., and
and C. c.reennalis L. (Cycadaceae).

MATERIAL AND METHOLS

Mature plants of C. revolura and C. circsnnalis
growing at different places in Hyderabad, Secuaderabad,
Warangal (A.P.) and Agra (U.P.) have been exa-
mined. A cycad is regarded as riehe handed {(dextro—
rotatory) when the spirality of the leaves i1s counter-
clockwise and a mirror image with clockwise sniral
constitute a left handed (levo-rotatory) plant. Regular
observations for several years confirmed that handed.
r.css is not a sporalic phenomenon but a regular fear
ture- of - the species, for a right hended plant produces
even the fojiage leaves 1n counter clockwise spiral and
the lett handed vlane in clockwise spiral. Observations
as ¢o the spirality of the mega and microsporophyils
further confirm tbe handedness in both the species.

. OBSERVATIONS -

* Mature plants of C. revoluta and C. circinnalis have
2 branched or unbranched stour columnar and .woody

trunk with a crown of large palm like leaves at the
summit. The leaves are dimorphic. In Plate 1,
lefct (1) and right (R} handed plants of C. revolua
are shown. Both the I, and R plants lock alike but
a close examination reveals that thay are different the

way the scale leaves show spirality.
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PLATE 1—1L: Left handed plant of Cycas revoluta
showing clockwise spirality of scale leaves in side and
op view. R:° Right handed plant of Cycar revoluts
showing counter-clockwise spirality of scale leaves in
side and.top view.

- The scale leaves are small, brown felted, cover the

- foliage leaves- in bud c¢ondition and exhibit c¢lear



