The Adsorption of Water Vapor and Other Gases by Proteins
Octoder 5, 19hk

Yor many years iavestigators have been interested in the amount of
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hydration of proteins. These studies have, hovever, led to little contri-
bution to the fundamsntel guestions of protein strusture. I bellieve that
the measurement of 4he amount of water vapor held by proteins at different
values of the partizl pressure of water, and of the amount of othor gases
esiuilarly adsorbed by ~roteins may be an extremely useful method of obtaining
information zbout the strusturs of proteins, Intereeting axpsrimental data
on the hydration of proteins held in atmoepheres of warying relstive humidity
have been reported in the Sentember issue of the Journel of the Americen
Chemical fociety by Hemry Mull and in the September i1ggue of the Joumel
of Chemical Fhysies by T. M. Bhaw. These authors interpreted their data
by the application of the Brunaver-fmmept-~Teller uheory' of multi-laysr
adgorption, obtaining in this way & velus for each protein of the surface
area on which water vapor may be adsorded, “hese effaective surfrce areas
werc found to vary beiwsen ten percent and forty percent of ";;;s,e total
surfxce area of fne proteins when spread in thin filus, Hey very signifiount
interpretation of the values of the surfade arcas wns mude,

It cocurred to me tant a comparison of tue number of wster moieculss
held by primary adsorption and the nuabar of amino acid residues of a polary
nuture, that 1s, capsble of forming hydrogen bonds with the water molaculios,

might e interesting., This has indeed been found to ba . so,



the nuaker of wuter molecules held estrongly Yy silk, as given YWy the
faterpretation of Bull's data, is Just equal to the sum of the numbders of
serine snd tyrosine residues, these being the only pelar residues i the
protein., F.r other proteins there is similar evidence that primary attraction
for w.ter vapor results is the attachment of one molecule of water t0 eaoh
pelar residve,

A very interesting conclusion may bes mide from the data for gelatin,.
It is found that the number ¢f weter rolecules held strongly by gelatin is
equal to the total number of amino acid residues norsally considered to be
polar, plus the number of proline residues. In most proteins the imino and
carbonyl groups of the peptide links seem not to have very streng attraction
for water. The result for gelatin suggests that the proline residue does
attract & water molecule, presumaidly because the dond detwsen the hydmarben‘
eide chain and the nitrogen atom liberasep a cogrdonyl grouwp, which otherwise
would be ueed in hydrogen bond formation with an N-H group of a pevtids bowd,
and the liberated carbonyl astracts and helds o w ter molesule,

The protein salzmin shows a wnique behavior in ite attwsction for wnier.
The adgorption isothera may be interpretsad by a thecry whiah rapresnnts an
sxtension of the Jrunauver-immstt-Taller theary, Whan thie interunrstation ie
mads iy is round that ine firet procees is tae addition of one water moloacule
for every two arginine residuss, this molecule yresuecbly being bonded to wogh
residuec by cemns of 1is tvo hydrogsn atoms. Tha next ston consists in tha
addition of an agual amount of water, preswmbly rsulting in a citustion in
which each arginines residue holds oms mater moleouls, 7Than ther: are intro=-
duaed succeseive layers of watsr molocules, tha amount of watsr in ~ach layer

being Just the waount pecessary to produce s unimolsculer layer between layers



of the protein of the thickness preeent in monomolegulsr films; the amount
ef wuter in onch of these loyers if 3.2 x that held by the prizsary proocess.

I think that it is very prodable that similarly detailed information
cun be obteined adout other preteins with uer of experimental data on the
cdsorption of wuter, It is not ualikely that careful messurementis made at
very low relsative hunidities would indicete the sddition of water successively
to the groups with diminishing attrection for the water molecules, perhaps
rermitting an anive seild analysis o8 a4 yrotaln  to de mude by thls teghnigus,
The siudy of schar grees. auch as ueaonin, hydrazins, hydroxylanine, hylrogen
poroxide, sni Lydrogen sulfide, wigihl vroevide addlslonsl valuable information,
It Lg cizar st tho Job :f collacting exp rluwental 4ntw would Yo o layge one,

bug that the fesuils crosumadly would Justify &s.



