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One ¢ the most interesting aspects of the
worlc is that it can be considered to be
made up of patterns.

A pattern is essentially an arrangement.,
It is characterized by the order of the
elements of which it is made rather than
by the intrinsic nature of these elements.

Norbert Wiener

Physics knows other types of order and
organization,besides spatial order.This
order of motion is widely known and exists
in thermal equilibrium(liguid helium II,
superconducting electrons) as well as away
from equilibrium (lasers,sound waves in air),

Another type of order,better termed organiz-
ation;exists in a well=-working machine in
contrast to a broken down one.

Thus absence of spatial order need not imply
randomness.Macroscopic organization,to which
wve alluded in the case of a machine,is,of
course,uniquely correlated to details of
microscopic structure. But this does not
mean that knowing all microscopic details
will reveal the interesting macroscopic
properties.Not only is the number of micro-
states sc enormous that it cannot be handled,
but,still more important,the relevant macro—
scopic properties are expressed in terms of
concepts that do not exist in microphysics
~they are collective properties.

Herbert Frohlich
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A polypeptide chain with two peptide
groups (possible rotations about the
single bond are shown by arrows).

The four atems HNCO forming part of the protein molecule
in the form of a repeating structure

are called the peptide {or amide) groups

R A quantum mechanical calculation ghows
the following electrical charge density distribution around the atoms of the peptide
jroup:

-0.397
T soua
—(l-T_
40256
H

Thus the peptide group possesses an electrical dipole moment,

(?xou.u Q.Q.hQthdo\r)

The peptide group in the protein chain.

The peptide group is made up of the atoms

H, N, C, 0 enclosed by the dotted line.
They all lie in one plane.

QO onygen @ hydrogen @ nitrogen

Three hydrogen bond chains in the s-spiral protein molecule.
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Yolume F1A, number 5 PHYSICS LETTERS 13 September 1982
Table 1 1325 AT+ Ad — A3 o
Structuze of the original Raman spectzal traces of B, mega- 1347 Je4a3 43
terium. F: fundamental frequencies. a: deviation of the cal- 1493 A9+ A - A4 -1
culated ¢ values from the measured ones. 1532 Ab + A4 +2
— = 1729 In(A6 - AD) +2
v Process A 1758 AB + A2 -1
- — = e = e mee—e—mim e em 1883 A4(AS5 - AD) +3
30 | E wpectrum A 308 Al = 2444 - A) -5 1893 2+(A8 - ADY +7
(mar-time §) 357 AL F 1908 IrAd + AS - AS -3
4530 AL F o7 Ad +Ad -7
600 A4 F 2155 AS+ AT - 2ead - AY) -1
829 A5 F 2167 2¢(A9+ AB - AT - AS) -5
214 A6 F 2249 SwAd +1
1015 AT F 316 T+(A9 + AT - AR) -4
40! 1400 A8 F 23569 20(AL + AS) +1
1640 A9 F 617 5*(A8 - A6} +3
2095 Al0 = A9 + A3 -5 2802 3vA6 0
x3e -
| 2735 Alls3vAd + A6 1 spectrum D S64 AD AS -
spectum B 1% AS - A4 0 (mar-time 86) 6§46 IvAd+AG A9 - A -2
e {mar-time 39) 138 A9 - A% +2 762 28(AS - AD) -4
| | R | | i ) 68 3I%(AT - AG) +3 849 1s(A7 - A4 +1
00 Ze(ad - AD) o B55  2%AS - A3- A2 -4
18 AT- M +7 935 2%(A3 - A6) -3
445 Al +5 992 20(AT — AS) + Ad o
430 Ab - A3 -6 1028 Al -3
538 AT - A6+ A +6 1158 AF+ A - Ab -2
550 AlD+ A - AD - A2 -2 1223 AR+ AT - 2%a4 +2
592 I*(AT - AS) —4 1238 A6+ 20 (Ad - AL) -4
656 Al+AZ -4 1265 AJ+ AT - AS -5
680 34{AS - A9) +7 1323 AT +2%(Ad - A) -3
s 28A2 -1 1447 I4(A6 - A3) +5
136 3%{A4 - A2) -7 1473 AT + A3 +2
740 A% - G* (A4 - AT} 0 1486 2e(Ad - A+ ASHA2 0
46 2%(AB - A7) +4 1540 AL - Ak -6
802 A2+ A3 +3 1555 1% A4+ A2 +2
825 AS +4 1576 2%Ad - A3+ AS +3
964 AL+ A4 -1 1602 2%{A8 — AY) -2
915 2% (A6 — AY) -7 1627 AT+ A4 -1
1025 A7 0 1640 ALl - A3 +5
1132 A5 + Al +2 1652 2eaAS +6
1229 (A9 - AT +1 1670 Ad + A9 - Ab - A2 -1
80 G 127¢ AID - A5 -4 1726 3%(AT- AN -1
1322 TH(AZ+ AL -B 1760 Al + A2 -3
1365 3*(A)0 - AT) 0 1795 A - 2vAd+3*A) -5
1430 AS + A4 -1 1862 2o A6 +6
- 1514 de(A5 - A +2 1930 4e(A6 - AD) +6
1538 AB + Ad -~ 1990 A9+ A2 +7
1620 AT+ Ad +5 2050 21w AT 0
40l 1935 Aw(AS — AY) +1 223 I4(AD - AS) -5
1960 AT+ AS -1 2195 ALD - AS + A6 +3
wpectrum € 843 29(AT_ A4} 47 UIE AI+AG - A3 - A2 +3
- (mar-time 69.5) 942 2*(AS — A2} +2 2623 2(A6+AS - AD) +3
980 29(A6+Ad4) - AT A3 -2 2960 Af+ A+ Ad °
1047 A4+ A3 3
oL 1 t L 1 | { L | 1 1 10691 3r A%+ A6 — AY +3
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TASLE | - Comparisen of con!’ornni-un angles §n Watson-Crick
base-paired DNA duplexes,

Conformation| w + L ’ 4 L X
anples
-

COMPOSIZIONE CHIMICA DELLE CELLULE B DEI TES3LN 3 :'.%;A }ii ':; :;: :;;z ;; i‘:; i’:i
Yho-bua 161 -104 -39 -160 37 1587 143
L|o-DNA 141 ~191 62 -152 49 157 144
L]

A= DA =156 -4 -d4 17 39 3 1%
L) ] 161 =66 ~66 180 5% ” 91
B[4-oNa -i5% -70 =61 176 51 23 33
b ~151 -2 -32 113 7 3 [ L]
L] A =DNA 17 =47 -85 151 45 " L1}

The conformation-angles (in degrees) are defined as in Arnott]
and Hukins [&] and Jllustvated in Fig., 1. The valucs of o
correspond to thoss of fixed, standatd furanose conformations)
£ in an Lgn in the 4 us). The conforma-
Tion & Q n - iple-stranded
complexes poly d{C)-poly d{l)-poly 4{C) and poly A(T}-

poly d(A)-poly 4(T} respectively in which there is no disd
axis relatiag the aagiparsllel chains. The sngles of the
polypurineaucleotide strands of thess sre given first.

F1G. I - {2) The conformation
angles of a nuclencide residus.
All angles except ¢ have a wide
rangs of values, The distrete
values of ¢ are determined by the
sugsr ring shapes in (b): (1)
Cl-ando: {[1) C3-ende; {171}
Cl-#z0; [(IV} C3-exo. B

i
e : , 8 opr . n E Hula: nnn:nu-. andmi,.l(ﬂm 1970} ) -]
P, acido ico; D, desomiribotio; A, adenina; T, tnima; C, citoina. G, gyanina.
15 atic & destog & i = destoe, o o del DNA | grappi foutorici « idich FIGURE 4-10 12} Mrojection of ten nudleotides in the B woaformaucn of DNA dowing
formang 1 duh'“’... Jaterall W'“hw ey plificaty ft ds doe avvolti a Sases horizonty) and perpendicuias 1o the helix 3xia (b Projection of rwo nuckeanides i
‘“.‘mmm % Dasj tu, o |mml "p-‘-"‘__.- m“_,"’. " nastri nella e A confnmation of DNA showing bases inclined at 20°, |From L. D. Hamilrom,
spirale, Appauai 1 DNA eome X% zio Narare. 218 633 {1968). Reprinced with permision.)

Pare centrale della molecoin. ha on dismawo & 20 A (2 wm)k w copleto della doj
stica ba la lungheza & 34 A (3.4 2m) o ks clistanty tra e bemi comti Tongo b ciene
frocce indicano che W dus calene affr 000 aati e, ok d i b aliers

1as & PPOTis
{da EDP. De Robertis, W.W. Nowimki ¢ F.A_ Saus: 4 delie celinia Zl-n,‘ Hopl,clﬂn.
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Tropomyosin

Troponin

F-actin structure showing arrangement of G-actin
monomers as deduced from X-ray diffraction and electron
microscopy studies.

Highly schematic model of thin filament showing bound
tropomyosin and troponin. There 15 gne tropomyosin and
one troponin for every seven G-actin monomers.

- 35nm -
oo —~ BEHRUTOBER e
ta) b \ /(C)
- =51
@) SIOSRINRRIRYL
i)
HMM

Illustration of the structures of muscle proteins

Structural basis of F-actin

G-actin is globular in shape (Fig. 1a). Its molecular welght is
about 42k daltons. G-actin polymerizes into F-actin undey physiolog-
ical salt concentraticns (Fig. 1b). Based on observatioms by electron
zicroscopy, a “pearl-snd-necklace” mudel is proposed for the ultra-
sttucture of F-actin. F-actin is 4 two-stranded helical polymer. The
talf pitch of the helix 15 35 nm and within this length, there are
i3 G-actins, The total length of Feactin varies according to poly-
s¢tization conditions and, Toughly speaking, is longer than 1 ym.

45 might be supposed from its structure, F-actin is rather stiff.
ileztron micrographs show the images of gradually curved F-actin,
Tropomyosin is a rodiike protein (Fig. 1c). When tropomyosin melec-
ules are added to the solution of F-actin, they bind to F-actin and
~ettle In the grooves of F-actin helix forming tropomyosin strands
‘Fig. 1d). Myosin has two heads called subfragment-1 {S-1) and binds
‘¢ Fractin in the absence of ATP. Partial digestion by some kind of
Froteases produces heavy mercmyosin (HMM) and also S-1 (Fig. le).
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c. STRUCTURE OF THE CYTOPLASMIC MATRIX
A.  Riboscmes

Ribosomes not bound to the endoplasmic reticulum ({'free’
ribosczes) occupy a considerable proportion of the cytoplasmic
ground substance, with densities of abour 2,000 particles pm—3.
They are not necessarily free to wove or diffuse independently,
8ince many are sssocilated in helical groups of about 5-30 ribcsomes,
forming polysomes. Each polysome is held tcgether by a gingle
strand of mRNA and each ribosome will have associated with ir a
growing polypepride chain.

£. Microtubules
Microtubules are cylindrical proteinaceous structures, 24 nm
in diameter and often many micrometres in length. They frequencly
lle parallel to each other in arrays of a few to meveral hundred.
Kicrotubules are found in all eukaryote cells, in a wide variety
of situarions, guch as the cell cytoplasm, the mitotlc spindle,
Just beneath the plasms membrane and the axcnemes of cilia and
flagella.'” They are:associated wirh various cell activities
ranging from the apparently static maintenarce of cell shape to
the rather slow movements of chromosotes and the more rapid beating
of cilia and flagella. Stationary mictocubules way also be
associated with the movement of adjacent cytoplasm (Fig 7).

C. Filamentous structures

The c¢ytoplasm of many animal cells zontaing a great variety
of filamentous structures which are only now being clearly defined
and understood. Microfilaments (Fig. 7.) are one type of filament
that appears to be upiversally impertant, occurring in plants and
animals, where they were first studied as the thin actin filaments
of muscle fibres. In mon-muscle cells thess mictofilaments occur
singly or in parallel assays; they are especially evident in cells

showing saltatory and cytoplasmic streaming motionsl® and in the
advancing edge of moving cells.1? These cytoplasmic movements are
clearly visible at the light microscope level, as a flow of particles
thar are sufficiently large te be resolved., Typlcal flow rates
range from 1-50 um sec~l. There has been an Intensive search cver
many years te identify the cellular system that converts cellular
energy to cytoplasmic movement .18 great deal of circumstantial
evidence polnts to the involvement of the microfilament system in
the generaticn of this flow,

D. Cytoplasmic gel

The ground cytoplasmic substance cencains many macromolecules,
metabolites and fons in an sqgueous environment. Little is kmown
of their specific movements within this gel  although it is assumed
that the smaller move in response to concentration gradients, which
may be generated by cellular metabolism. Many of the components of
this gel are readily soludle in water and fonise or possess sutface
charges. This forms a gel with complex mechanical and fnternal
surface charge propetties that affect the movement of both cell
organelles and the simple molecular components of tha eytoplasm,

In the migroscale of the cellular environment we need to be aware
that it 15 very doubtful that random diffusion events can occur;
the local viscosity may be in the range 1-10 centipoises while the
self-diffusion coefficient of water is reduced by a factor of about
219, Clearly this will effect our interpretation of daca from LLS
systems.
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Fig. 1

Fig. 2

fig. 3

Fig. 4
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" LEGENDS T0 FIGURES

Rouleau formation in normal blood.

The end cells of a six-cell rouleau have been gently
aspirated into the glass micropipettes seen left and
right. The pipettes were then drawn apart. The
contractils are not resolved by light microscopy.

In this picture their presence fs inferred by the
distortion of the shape of the cells in the chain.
On release of the negative pressure in the pipettes

a normal-looking six-cell rouleau reforms.

a} Distribution of the erythrocytes on the fioor of
the haemacytometer chamber at the beginning of an
experiment. The darker rings are small rouleaux seen
on end. There are also two prominent fuzzy spots which
are artefacts.

b} The same field of view about an hour later. Hote
the diminution in the tota) number of rings and the
presence of larger rouleaux {pseudo-rectangles) which

have fallen onto their sides.

Scanning electron microscope picture of a rouleau
extended as in Fig. 2. The macromolecular solution
was slowly replaced with isotonic glutaraldehyde

while tension was majntained on the pipettes. After

Fig. 5

Fig &

Fig. 7

being fixed by the glutaraldehyde the specimen was
washed in distilled water, dried overnight and then
gold-shadowed. [Line lower right §s § um long]

As in Fig. 4 but at higher magnification. The break
in the middle 15 artefactual but the discontinuities
where the contractils meet the drawn-out cell membrane
are always present. [Line above the identification

numbers is 5 ym long]

Similar to Ffg. 2 but with the pipettes moved out of
Tine. As this is done the 1ine of the contractils
remains coincident with the line joining the centres

of the spherica) pertions of the cells held by negative

pressure in the pipettes.

As in Figs. 2 and 6. The negative pressure in the

upper pipette has been reduced in maognitude. The point
on the cell held in the upper pipette moves freely, with
no lag, over the cell surface as the pipettes are rapidly

moved out of and into alignment.
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