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ROUGHNESS OF THE GLOBULAR PROTEIN SURFACE

A.A.Timchenko*, O.V.Galzitskaya*, LN.Serdyuk*

Protein surface analysis using high resolution X ray shows that this surface has a two-level
organization, on the micro- and macro-scales. On the micro-scale (2-7 A), the surface is
characterized by the D = 2.\ fractal dimension which is intrinsic to surface with weak
deformation and reflects the local atomic group packing. On the macro-scale the large scale
surface defects are revealed which are interpreted as the result of secondary structure elements
packing.

The investigation has been performed at the Frank Laboratory of Neutron Physics, JINR
and the Institute of Protein Research, RAS.

HepoBHOCTb noGyjispHOH noBepxHOCTH npoTemia

TUMHCHKO A.A. u dp.

n3yveHHe CTpyKTypw noBepxHocru npoTeHHOB MeroaoM paccegHHSi peHTre-
HOBCKHX jiyieii BWCOKOTO pa3peweHna. FIoKasaHO, HTO 3Ta noBepxHOcn. Hiueer flByxypoBHeByio
opraHH3auHio. Ha MHKpoyposHe (2-7 A) nxrcepxHocTb xapaKTepn3yerci« £> = 2,1 pa3MepHort
(ppaKTanbHOH CTpyKTyport. Ha MaicpoypoBHe BwaaieHH aetpeKTii noBepxHOCTH 6oflbuioro Mac-
uiTa6a.

Pa6ora BwnonHeHa B Jla6opaTopHH HCHTPOHHOH (DH3HKH MM. H.M.OpaHKa OHJIH H
HHCTHiyre 6ejiKa PAH.

The technique of protein surface quantitative analysis using high resolution X-ray data
was first proposed in [1], where the accessible surface area (A ) was analysed. Such an

analysis gives a possibility to study overall properties of the protein surface and its detailed
structure. The deviation of the power law extent from 2/3 in the A -M dependence was

considered as an indication of the protein surface fractal structure [2,3]- Strictly speaking,
a surface is fractal if the dependence of the number of probe bodies (balls, cubes, etc.) fully
covering the surface on the probe size is a power law:

N(r) = const* r~D (1)

with the extent 2 < D < 3 not coinciding with the topological dimension (D =2) and D

being a fractal dimension [4]. A strict fractal dimension is determined at r - » 0 . For self-
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similar bodies, the relationship between the fractal- surface area and the value of confined
volume (V) has the following power law [5]:

Am = const V D / 3 . (2)

Qualitatively at D > 2 this means that the size of irregularities increases with the increase
of the particle size. Calculation of D from X-ray scattering patterns of some proteins gave
a broad range of D from 2 to 2.8. No systematic analysis of protein surface fractality was
made. It has been shown [6] that the asymmetry extent of globular proteins does not change
with increasing their sizes, and the observed non-trivial dependence of the protein
accessible surface area on the molecular mass (A - M dependence) is a reflection of the

protein surface relief peculiarities. To clarify these peculiarities, an analysis of the
molecular surface on the basis of high resolution X-ray data has been done for 25 globular
proteins not containing prosthetic groups (Table). The procedure was based on studying the
dependence of the minimal number (N) of probe bodies (here cubes) covering the entire
protein surface, both on their size (N-R dependence) and on the value of dry protein
volume (N-V dependence). The molecular and accessible surfaces of the protein were
determined by rolling a ball (approximating a water molecule) of 2.8 A in diameter along
the protein surface [7]. Both surfaces consisted of an array of cubes with a 0.3 A edge.

Fractal Properties of the Protein Surface

Relationship (2) is valid if the whole particle surface is fractal. At the same time,
relationship (1) is applicable for analysis of any surface, but the value D in (1) depends on
the range of probe body sizes. In other words, expression (1) indicates the levels of
different surface organizations and scans it with different resolution (from the atom size to
the overall dimension of a macromolecule). As an example, Figure 1 shows the log-log
dependence of the number of cubes on their size (the N-R dependence) for two proteins

with a five-fold difference in their molecular
mass and a sphere 24 A in diameter tightly
packed with balls. The course of the depend-
ence is the same for other studied proteins and
spheres of different sizes. One can see the
nonlinear character of the dependence mainly
due to the initial points. The D value
calculated from the first points appeared to be
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Fig.l. The dependence of the number of probe cubes
fully covering a molecular surface on their size for
proteins 1FDX (x), 4CHA (•), sphere 24 A in
diameter tightly packed with balls (o). The same de-
pendence for the surface constructed of balls 12 A in
diameter centered in Ca atoms of 1LZT (A). The
range for the straight line fitting is marked by arrows
and the parameters of fitting are given in the Table
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less than the topological dimensionality D to = 2. The explanation of this behavior is given

in [8].
This region corresponds to the probe cube sizes 2-10 A and, to avoid ambiguity, it is

the same for both proteins and spheres. The parameters of the obtained dependences and
their errors for all studied proteins and spheres are given in the Table. A conclusion is
drawn that the protein surfaces are similar and show a «graphite-like» [9] fractality on the
2-10 A scale. The main reason for the observed fractality is the packing of atomic groups.

Table. The dependence of the number of cubes (AO surrounding the molecular surface
on their edge size (R) for proteins of molecular mass (M) and spheres

of different diameters filled with balls with the radius 1.6 A

Protein

Crambin

Ferredoxin, Paerogenes

Pancreatic trypsin inhibitor, bovine

Neurotoxin B, sea snake

Neurotoxin 3, scorpion

Intestinal calcium-binding protein

High potential iron protein

Plastocyanin

Parvalbumin, carp

Ribonuclease A

Azurin, Alcaligenes denitrificans

Lysozyme, hen egg white

Lysozyme, human

Nuclease, Staphylococcus aureus

Dihydrofolate reductase, E.coli

Lysozyme, bacteriophage T4

P-Trypsin

Actinidin

Elastase

Chymotripsin

Chymotripsinogen A

PDB index

1CRN

1FDX

4PTI

1NXB

1SN3

1ICB

I HIP

1PCY

3CPV

1RN3

2AZA

1LZT

1LZ1

2SNS

4DFR

2LZM

1TPO

2ACT

3EST

4CHA

2CGA

Mol. mass (M)

4710

5400

6490

6840

7050

8470

8880

10450

11400

13670

13950

14280

14670

15980

17960

18610

23190

23380

24840

25000

25620

N - R dependence

4 .1510 4 R- 2 0 3 1 ± 0 0 0 9

5.7210 4 R- 2 1 1 3 ± 0 0 1 7

5.5510 4 R- 2 0 2 8 ± 0 0 1 4

5.9010 4 R- 2 0 4 8 ± 0 0 1 9

6.6410 4 R- 2 0 8 5 ± 0 0 2 4

7.5310 4 R- 2 0 8 7 ± 0 0 1 7

7.1810 4 R- 2 0 5 2 ± 0 0 2 1

7 . 8 5 1 0 4 R - 2 0 3 1 ± 0 0 B

1.1110 5 R- 2 1 2 7 ± 0 0 n

1.17105R-2 0 9 7 ± 0 0 1 1

1.10 10 5 R- 2 0 9 8 ± 0 0 1 4

I11.105.R-2.079±0.0n

1.2I105R-2I10±0015

1.45105R-2II2±0016

1.56105R-2135±0018

1.64105R-2129±0017

1.73105R-2106±0015

j 67.105R-2.009±0.016

1.9710 5R- 2 U 5 ± O 0 1 3

1.97105R-2 1 1 8 ± 0 0 1 4

2.2010 5 R- 2 1 3 3 ± 0 0 1 4
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Protein

Subtilisin BPN'

Carbonic anhydrase B

Carbonic anhydrase form C

Pepsin, Penicillium

sphere (D = 22 A)

sphere (D = 24 A)

sphere (D = 26 A)

sphere (D = 28 A)

sphere (D = 30 A)

PDB index

1SBT

2CAB

1CAC

2APP

Mol. mass (M)

27480

28350

28720

33380

N-R dependence

l.95-105-R-2113±0015

1.98-105-R-2095±0009

2.84-105-R-2183±0018

2.38-105-R-2113±0018

2.80-104-R-'-960±a016

3.87-104-R-'-987±003°

4.24.104-R-20IO±0023

5.69-104-R-2027±0033

5.1|.]04-R-1-948±a022

The N —V dependence of the number of probe cubes surrounding the molecular surface
on the dry 5 volume value was analysed for each fixed probe size. The slope of the log-log
N— V dependence is, on the average, 0.76 for the probe cube size less than 7 A. This value
coincides with an analogous one for the log-log A - V dependence. At larger probe cube
sizes a smooth transfer to the 0.69 slope takes place (see Fig. 2 where the fractal dimension
D is given according to Eq.(2)). This value is close to 0.67 which is specific for even self-
similar bodies. An analogous dependence for spheres of different sizes tightly packed with
balls has the 0.67 slope. Distinct dependence of this slope on the probe cube size is not
observed. According to (2), the 0.76 slope for smaller probe cube sizes corresponds to the

fractal dimension D = 0.76*3 = 2.28, and the fractal dimension from (1) is on the average
2.10 (see the Table). Non-coincidence of these values can be evidence of some regular
peculiarities of the protein surface. These peculiarities virtually do not affect the molecule
asymmetry [6], but essentially contribute to the surface area. It is noteworthy that the fractal
dimension from (2) is greater than that from (1). The higher value of the fractal dimension

from the A - V dependence can be interpre-
ted as an increase in the number of large-
scale irregularities on the protein surface
following an increase in the protein size [8].

The outlined interpretation of the pro-
tein surface structure shows that this sur-
face has a two-level organization, on the
micro- and macro-scales. On the micro-scale
(2-7 A), the surface is characterized by the
D = 2.1 fractal dimension which is intrinsic
to surfaces with weak deformation and
reflects the local atomic group packing. On
the macro-scale the large-scale surface de-
fects are revealed which are interpreted as
the result of secondary structure elements
packing.
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Fig.2. The fractal dimension D calculated from the
N - V dependence versus the probe cube size (R)
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