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I'ie quantitative prediction of the tertiary structure of proteins as defined by their r-ray crystallographic
coordinates. using statistical physical and/or symbolic characteristies of the primary amino acid sequence is a
long standing problem in biopoly mer physies. An erstwiile jiissing feature of protein structural data has heen
a measure for the mappingof a set of x- ray ohservables onto i single real number as a continuously distributed
deseriptor which could then serve as the object of quantitative prediction. Such a global measure using the
r-ray coordinates of protein crystals has heen developed by Stapleton and assaciates. ! =3 Computation of the
range of inter—a-carbon distances indicated that there were protein specific, statistically reliable, fractional
power laws (we call them “Stapleton protein fractal dimensions™. ds) relating the amino acid monomeric
mass density to the a-carbon distances with values ranging from 1.26 to 1.87. Although insufficient in orders
of magnitude of length to qualify for the definition of fractals. intuitively, the values appear related to the
space filling aspeets of tertiary structure. For examples, the “curled up.™ barrel dominated proteins such as
equine hemoglobin A and B and sperm whale myoglobin inanifested ads = 165, whereas in the "stretched
out™ more “random” chains such as protease A and 1} from s. griscus. dg = 1.31 and 1.32 respectively.
From similar computations yielding the “fractal dimension”™ of a polymer represented by the orbit of a self
avoiding random walk in three dimensions. it is speenlated that the upper bound on ds is in the vicinity of
5/3.1

Chothia’s studies relating a protein’s conformation deduced from r-ray crystallographic datat to its amino
acid side chain hydrophobicity values. hip, (in cal K=" mol= '), derived from the studies of Nozaki and Tanford®,
suzgested a measure map to the reals for the amine acid sequence as quantitative predictors. Each protein
can be transtormed into a hydrophobic sequence. Lhp,. from which a statistical model to predict the proteins’
values for de could be developed. A representative set of amino acid-hydrophobic transformaticns® in cal
K=Vmot"vicld: ¢ = 6.00.s = 0.07.4 = 007, 0= 000 9 = 0.10.d = 0.66.¢ = 0.67.r = 0.85.a = 087.h =
ORT.e= 132 k= 16 m= 16T r = IXT =217,y =276, p=237. [ = 2587.i=3.15. and 1w = 3.77.

That relationships between measures on Lhp, and ds have physical meaning is suggested by two groups of
research findings: (1) The related studies by the Stapleton group vielding sohvent ionic strength-sensitive,
densities of low frequeney (< 300em =), vibrational state fractional power laws, when probed by temperature
dependent. Raman spin-lattice relaxation techniques in heme and iron-snlfer proteins, which were very similar
1o the proteins’ values for ds;!=3(2) Calorometric studies of the specific heats of proteins cousistent with
the presence of internal “soft™ modes with low fundamental frequencies (< 300em=1), easily excitable and
sul-jeet to the influence of hydrophobic factors in folding. ligand binding. and ionic environment.”~®

One might relate these two ideas to the space-filling dependence of dg witit the idea that protein relaxation
dynamics might vary in temporal complexity when comparing the potential motions along the spatially
one-dimensional amino acid peptide backhone with the more compl~x. hierarchical multimodal, higher di-
mensional case involving hydrophobic interactions of the amino acid side chains (off backbone connectivity)
in addition to one dimensional pathways. The distributions of modes, p(9). between 9 aud ¥ + &9, would go
like 4795 1 < d¢ < 2. These considerations motivated the development of quantities on Shp;which might
d.scribe the potential for hydrophohic “inode™ structure predictive of Stapleton's measure, ds.

In 35 proteins representing the range of reported values for d¢. we studied the relationships between ds
obtained in two series of studies by the Stapleton group!and four statistical transformations on Shp;.




Ihe transformatons mxhnln! (YA o stanstical modulos, the averaze hivdrophobicity per amino acid
vestdue, T - —--—(url N bmol UV 020 A acstatistical wane Leueth the averaze inter-hich hydrophobie ran
itersal i number of ammo acrd restdues, wan. o which the valuos for Ap for the anmimo acid sequences
were pantitioned qute 8 for bhp < leneme (e 2071 and L for valins 5 leacine: () As anestimate of
longer tange order in the hy drophiolae sequenee partitioned o e Tans detters) of five o acids each
(0 T00GE = NTUEA2 =2 172 76 = 3 0T e dongest Twerd TN e ) mnumber of amio acid residhies
v word s defined as o sequence of annno acud residue transformations thae appears at least twice along the
length of the protein) Whereas s yields values sensitive to smiall steneture (for example, the hemoglobins
and nnoglobm with hiel, densities of a-helixes manfest the expeeted values 35 and ax helix-like value of
B was seenm carboxy peptidase as Taverage taen lenatha" 0\ vaned ap to B residues s weois sinnlar to
the totation mnmber used e studies of two dinensional reductions of taee dimensional dy namieal sy stemst!
ek Vg s derned from sy imbohe dynamies and leseal compression aleorithm< V0D As acorrection terim,
we tsed the pereeut of the sequence lenath that was prohine COUPROY s role as a0 "stracture breakee™ an
vative prctetn conformations bemg well known

Wo rennmd oursebves of the Frdos-Renyt "new law of large nubers” \\'hirh say~ that the Jongest expected
repetition length i a random sequence s asvmptotically = log,. (" P A wopd t8ereded this value for all
protems studied For -~\:||n|>|v~' for the four letter code (p= 025 the n o= T ressedne hemoglobin, a
longest word lenath. A of 356 was expected and twa .h\lm«l .\'“.”

e of 6 restdues were observed: the
expectation for protease X was 3 75 and an 11 residue word was observeds for elas tase it was 3.95 versus 13,

The proteins studied were: protease A and B(S greseas), myoglobm (sperm whale), thodanese (borie),
staphylococeal nuclease (80 anrcus), glyeeraldehyde dehydrogenase (lobster), thenmolysin (B amylolique -
facrens ) thioredoxin (1 coln). adenylate Kinase (porcmnd). aleohol dehvdrogenase (equene), algal ferredoxin
(N platcusesy, carbome anhiydrase B and Cehunan). carboxypeptidase A and B{borine), concanavalin A
tpack bean), extochromes. Clalbacore), Boghorvme), C2 R rabram) CO351(P. acrugmosa), BIG2AE. coly), di-
hydrofolate reductase (L cased), elastase (porcmd). tanvodosin (clostredvnmy, hemersthrin B(P. gouldu),
hemoglolan A and Bequane), lactate dehydrogenase (dogfish). Iysozy e (chicken). subtilisin inhibitor (S
alborgreseonlus). superoxide dismutase {borme), teypsin inhilator (hone). chymotry psin a(borine), papain
(papaya). and subtibisin (B amylolique faciens)

Freating the contamons, transformed measures as predictors showed negligible linear intercorrelations, with
the exception of a strong negative relationship between between b and wni{r = =0.805)(the more dense the
> 2170 bydrophobie bursts) the hizher the average hyvdrophobicity). Sinee these measures were redundant
with respeet 1o dy. n\u alternative regression models predicting dowere constracted incorporating way in one
and b i the other. Using standardized regression coetlicients (re. 3's), ds-predictive Model Vis [—.216why —
200 o= HHEUP RO and Model s {+. L3 Y 1030 opg = A295PRO)]. Model Tresulted in a squared
multiple ® = 0 30(adjusted B = 0.274) and a highly sanificant ANOVA [F(3.31) = 5.661,p = 0.003].
Simifarly, for Model H. £7 = 033 1(adjusted B¥ = 0.291) and an ANOVA of [/7(3.31) = 5.332,p = 0.001].
These findings are consistent with our hypothesis that the values for dscomputed upon r-day erystallographic
data from protein tertiary structure can be predicted from suitable transformations of the primary amino
acid hydrophobicity sequences of the proteins. That A ) has a strong negative weighting with respect to
dsuggests that the simple “fractal” interpretation! =% dis insafficient.
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