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l'lii- quantitative prediction of the tertiary structure of proteins as defined l>y their r-ray crystallographic 
coordinates, using statistical physical and/or symbolic characteristics of the primary amino arid sequence is a 
long st and nip problem in hiopohmer physics. An erstwhile missing feature of protein structural data has b«-en 
a measure for the mapping of a set of r- ray ohservahl.-s onto a single real uimiher as a continuously distributed 
descriptor which could then serve as the object of quantitativ.' prediction. Such a global measure using the 
j--ray coordinates of protein crystals has been developed by Stapleion and associates.1"3 Computation of the 
range of inter-o-carhon distances indicated that there were protein specific, statistically reliable, fractional 
power laws (we call them "Stapleton protein fractal dimensions". </s) relating the amino acid monomeric 
mass density to the «-carbon distances with values ranging from l.'Jli 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 aspects of tertiary structure. For examples, tin "curled up." barrel dominated proteins such as 
equine hemoglobin A and H and sperm whale myoglohiii manifested ads = 1 «">• whereas in the "stretched 
out" more "random" chains such as protease A and // from «. gnsett*. ds = 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 specul.ite.l that the upper bound on ds is in the vicinity of 

5/3.' 

('hotIlia's studies relating a protein's conformation deduced from r-ray crystallographic data* to its amino 
acid side chain hydrophohicity values. /)/',(in nil l\'"' mol~x). derived from the studies of Nozaki and Tanford*. 
suggested a measure map to the reals fur the amino acid sequence as quantitative predictors. Each protein 
can be transformed into a hydrophobic sequence, li/i/s. from which a statistical model to predict the proteins' 
values for i/s could be developed A representative set of amino acid-hydrophobic transformations" in cal 
/.'-'mo/-'vi. Id: ./ = 11.0(1.* = 0.07.1 = 0 07.» = 0 li!>../ = II. 10.«/ = 0(><>.« = 0.G7. r = O.Sö.o = 0.87.A = 
0N7.c = 1 V.*.i= l.t;t.m = 1 (i7. i = 1.8"./ - '-'17.;/= 2.7C../» = 2 77. / = ".'.NT. /= 3.15. and w = 3.77. 

That relationships between measures on ^/»;>, and «/, have physical meaning is suggested by two groups of 
research findings: (1) Hie related studies by the Stapleton group yielding solvent ionic strength-sensitive, 
densities of low frequency (< .'JOOrui'1). vibralioual slate fractional power laws, when probed by temperature 
dependent. Hainan spin-lattice relaxation technique* in hemeaiid irou-sulfer proteins, which were very similar 
to the protein* values for rf.s-;'"

3(2) Caloromctric studi.-s of the specific heats of proteins consistent with 
the presence of internal "soft" modes with low fundamental frequencies (< 500rm~'). easily excitable and 
subject to the iulluence of hydrophobic factors in folding, ligand binding, and ionic environment.'-9 

One might relate these two ideas to the spacefilling dependence of </.,- with the idea that protein relaxation 
dynamics might vary in temporal complexity when comparing the potential motions along the spatially 
one-dimensional amino acid peptide backbone with the more compKx. 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, />(*)). between ■> and 7-M">, would go 
like -,"'*'=. I < rf< < 2. These considerations motivated the development of quantities on SAp^wliich might 
d.ocribe the potential for hydrophobic "mode" structure predictive of Stapleton*s measure, ds- 

In 35 proteins representing the range of reported values for rf<t. we studied the relationship* between ds 
obtained in two series of studies by the Stapleton groiip'"and four statistical transformations on EAft. 
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Tin- 11 .-»i t—f« TU t ;i l ■ MI- included (1) As ;i -t.il i-ti.-al modulo-, lli. au-iage li\ drophol >i< it y per aniino acid 

i.-idin-. />/' -. —'^-\i'il l\ "' mol ' I. (2) A- a statistical wa\e 1'iij.lli ilf .i\«T.-im* iiil'rliiu.li Ji \ »li« >|>1). »luc run 

iiiti-i\.il m ni.iiil" r n|" .t in tii< • acid te-idiie-. -.«,■.. in »vli ii-li tin- \ilu. « lor /i/> for I In* ammo acid sequences 

w. r. paititioiied into II lor />/■ < leucine ((( 2 IT) .in.I I lor \ilii.- _• leucine: (:>) A- .in «--*l im ;*t t- of 

longer tauge or.hr in tin hydropholiic •»•*« |ii<-iii->* p.irt it i.->n. . I into |..iu l-in- (letters) of live ammo acids each 

(• 10 til'« - >7. I ">'J -2 IT. 2 TI'I - 3 ~i~). tii'' longest "word". VWlir.;(^-/'/'' )• ■" numl.er of ami no .i*-i<l residues 
(:i «oi.l i- 11.'!iHI-II ,i- .i si'i|HI u- i' of .imino ,irill ri'«>iil11<- transformations thai appears .it least twice along the 

length of lli« prut i in) Whereas ,»■,.■. yields values sensitive lo small structure (for example. I In- hemoglobins 

.'mil imoglolun wil li liii«1. densities of o Inlixes manifest tin- expected values =? :t .") .linl HT helixdike value of 

3 :\ u.is si in in . Mrliow piptiil.i-i' :t- "average luni lengths" I. \v,,.,| '•imdupto l*> n -sidiics. u.(,;l is similar to 

l hi (..til ion iin nil.i-r used m si udies of two < 11111 *' 11 -1 • ■ i ■' < I reductions of three . Imn n-ioii.il il\ namn •:il sv-t.ni- 

'""' \\ori| '" 'I' rl>' 'I from -> iiiliolii- il\ ii.ii 111.s .in. I lexical i on i pi i s-i, m .ilu.i TII Inn-..' | 11 A- .i cor riil ion ii-rin. 

«. iis.,| id.. percent of i hi- sequence length tint was prolin. "I'lPUO). il> r<>|e .is a "structure l»r«*;ik» r" in 

native pr. tern conformations l.eing «I II known 

We remind oiirsi'his of ihr Irilo-Ui-nyi "new law of large iiiituU-rs" which say- lh.it t In- longest expected 

repetition length in a random sequence is asymptotically = logi       ..    > /(.''* \v,,r,| • 'XO • -. I« ■« I this value for all 

piotinis studied    I'nr examples, for the four letlcr code (/• - (I2">l in I In- n -.   III residue hetiiogloliin. a 

longest «oril length. A... ,, i of :t "iii was expected and iwn di-tind  A'       .» i.f li iisiihiis wiri1 ohsi-rv« d: tin- «oril ' «or. I 
ixpi'Clalioii for protiasr A was ä T> and an 11 n'sidiir Word «as ohs. i\ ••.!. for rl.vlasr il was :t.!)") versus l.'{. 

Ilic prolciiis stiidii-d wrrr: proli-aso A and H[S I/KM «»). in\onloliiu (s/urm nlinh). rliodanrso (boniu). 

-l.iplivlococcal inirli-aw (.>' nun ns). ulyriTalili-liydc di livdioninasi- (lnh\tii). lliiTiiiolysin (// a m i/li'li'l n<- 

f<ii n »•>). lliiori-doxin (/.'in//), adinylali' kinasi- (/KIK;IK). alcohol dih\ dro-j,riiasr (c/ii/ni). alj;al fiTri-iloxili 

i >'. I'lnti »>/*). carliomc .uilixdrasi' /} and ('{human), cailioxypi-ptnlasi- A and /<(/•<>• ni<), ronraiiavalin A 

(/mi' /IMIII). i-ylochronii-s ('(iilluKori). Ii'i{hniiiii).(''2{ II i uln um). ( '-"»-"»1 ( /' i/i rui/ini'sit). />.">t>2( /.'. roh), di- 

li>dio|i>la|i- rtihii lasi- (/. HIMI). ilastaso (/mri/n«). lla\odoxin (i to*ti nimm), hi'imryllirin />'(/'. gonldn). 

IH'IIIII.^IOIIIII A and /<(/i/«/Kf). lactatr drhydroi;i-iiasi> ( I/II.//I-/I). lyso/Min- (</i/rl<»). siihtilisin inliihitor (>". 

iilimiili i\Kinlif,). siipiToxiilc disiniitasr (Aooiif). Iryp-iu inhil.ilor (hfiint). <hymolr\ p-in i\(lioritn). papain 

(;>ii/'iii/ii). and siil>tili-in (//   iimyli>lniiiifnrirn>). 

Iriatin^ lln- i-oiitiinioiis. traiisforiiii'd mrasuri-s ;ls predictors showed in'^li^ilili- linear intrrcorn'latioiis. with 

i hi- i-xci-piioii of a ström; iii-taiivi' r«*l:it i«>it»lii|i l>il«icn ln-t«i-i-n lil> and -./,/('' = —()Ml"))(th<* nior«1 di-ns«' tin« 

^ '2 IT. hydrophohic luir-ls. t|,i- hi^.ln r tin* a\i-rai;i- liydrophohicity) Sino- llicsi* iiii-asun*s wore riMliindant 

with n-spi-ii I«»I/S. two alli-rnalivi-p'tri'ssioii moili-l- prclii linir. (/-wi-ri- construcli-d incorporatin-r -.»,(, in one 

and hit in I hi- olln-r   Isinn standardi/rd rt'i;ri*ssioii cocllicii-uts (» i. .I',«). tls- predict iv«> Moilel 1 is [—.'21(w-,j — 

''-,,,Vwor.|- ■'!''«'(!'•«))] and Model II is [+ T2W-. IO:{Awor,|- .•«:»!!';{(PHO)]. Model I resulted in a squared 

multiple R - (C! lll(adjusted It'-' = 0.27-1) and a highly sigiiilic.int A NOVA [f'(.'!.:tl) = 5.G61.;» = 0.003]. 

Similarly, for Model II. //'-' = l).:t:,l(adjusted //'-' = 02Ü1) and an ANOVA of (F(.1.:U) = 5 332.;) = 0.00-1]. 

These lindiiiRs are consistent with our hypothesis that the values for i/.sconipnted upon r-day «rystallogrnphir 

data from protein tertiary structure can he predicted from siiitahle transformations of the primary ainino 

acid hydropholiicity sii|in-nces of the proteins. That Awon| has a strong negative weighting with respect to 

i/ssiiggests that the simple "fractal" interpretation1 "'of i/Nis insufficient. 
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