
SCIENCE 

VOL. 90 FRIDAY, 8, 1939SEPTEMBER So.  2332 

T h e  British Association for the  Advancen~ent  of 
Science : 

F i l m  Reactions as  a N e w  Approach t o  Biology:  
DR. ERIC K. RIDEAL..................................................
217 

Obituary : 
T h e  X a y o  Brothers and Their  Clinic: PROFESSOR 
HARVEY 228CUSHING.Recent Deaths and Uemorials  

Scientific Even t s :  
U a r i n e  Engineering at  t h e  Massachusetts Inst i tute  
of Technology; T h e  N e w  Research Vessel of the  
Bureau of Fzsheries; T h e  Association for  the  S t u d y  
of Systematics  i n  Relation t o  General Biology;  
Tlte International Congress of Genetics; Opening 
of the International Congress for Xicrobiology 226 

Scientific Xo tes  and N e w s  ..................................................
229 

Discussion : 
T h e  3 fode  of Ac t ion  of Sul fani lamide:  DR. ARTHUR 
LOCICE aiid DR. R. R. MELLON. Red Color in 
A p p l r s :  DR.R. B. DUSTMANand DR. I. J. DUNCAPT. 
A Fire-Fly "Spzntltariscope": R. W.PROFESSOR 
WOOD. T h e  First  Articles o n  Groz~p Theory P u b -  
lished i n  America:  PROFESSOR 231G. A. MILLER 

Scientific Books :  
A n  Anecdotal History of Electr ici ty:  DR. F. C. 
BROWN................................................................................234 

Special Articles : 
A n  Analysis of S k i n  Pigment  Changes a f t e r  Ex-
posure to Sun l igh t :  EDWARDA. EDWARDSaiid S. 

Q V I ~ I ~ PDUNTLEY. Presence of a Ltz~kocytosis- 

Pron~ot ing  Factor in I n f i a n ~ n ~ a t o r yExudates  : DR. 

TBLYMENKIN. Glycogen i n  Sweet  Corn:  DR. 
DANIELLUZONMORRISaiid CAROL TILDEPI'~IORRIS235 

Scientzfic Apparatus and Laboratory Methods : 
A Method for the Contznuoz~s Recording o f  Gastric 
pH in S z t z ~ :  DR. JAMES MICHAELFLEXNER, KNIA-
Z ~ T Kand JANXYBOER.Chro?noso~nesf ron~ .  Leaves:  
PROFESSORJ .  T .  BALDWIN,JR. 239 

Science X e w s  ..............................................................................................
6 

SCIENCE: A Weekly Journal devoted to the Advance- 
ment of Science, edited by J. RICEEEX and pub-CATTELL 
lished every Friday by 

THE SCIENCE PRESS 
New Pork City: Grand Central Terminal 

Laiicaster, Pa. Garrison, N. Y. 
Annual Subscription, $6.00 Single Copies, 15 Cts. 

SCIENCE is the official organ of the American Associa- tion for tlre Advancement of Science. Information regnrd- 
ing membership in the Association may be secured from
the office of the perlnanent secretar in  the Smithsonian
Institution Building, Washington, D. 3 

FILM REACTIONS AS A NEW APPROACH TO BIOLOGY1 
By Dr. ERIC K. RIDEAL, M.B.E., F.R.S. 

PROFESSOR O F  COLLOID SCIEXCE, UNIVERSITY O F  CAMBRIDGE 

TOWARDSthe end of the last century the biologist 
and physiologist were agreed that the biological entity 
was the whole living unit. This century has seen an 
attack on biological problems by the physical and 
organic chemist. The study of the living unit has been 
dropped and in its place we find investigations on spe- 
cialized processes such as oxidation and reduction or 
catalytic reactions. I t  is an unfortunate fact, as the 
late Sir  William Hardy clearly pointed out, that in 
this method of approach the mechanism of the coordi- 
nation or the integration of the activities of an 
assemblage of cells must remain insoluble. I t  is this 
very point which I think deserves some consideration. 
TITe know for  example that a t  death the catalysts escape 
from control since the molecular structure of the rnov- 

1 Address of the president of the Section of Chemistry, 
British Association for the Advancement of Science, 
Dundee, August 31, 1939. 

ing parts gets disorganized. Again, Loeb shoved that 
unfertilized sea urchin's eggs could be made to develop 
by immersion in salt solutions of sufficient concentra- 
tion. I n  development a whole series of complicated 
chemical reactions are set in operation and it  is clear 
that in the quiescent unfertilized egg all the chemical 
ingredients fo r  the reactions are present but await 
some change in organization before reaction sets in. 
W e  must conclude that the mechanism of integration is 
at  any rate dependent on a pre-existing otvganization 
of at  least the major operative portions of the as-
semblage of cells. This raises a number of important 
problems such as, what types of organization are t o  
be found in living material; how f a r  control over 
chemical reactions can be effected by modification of 
the type or extent of such organization and finally how 
far different types of can nlodify such 
important factors as the chemical or physical state of 
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a material or chemical equilibria in reacting systems, 
and lastly what new properties or reactions make their 
appearance as  a direct 'esnlt of organization. 

Whilst it has been frequently atated that one of the 
chief characteristic3 of living matter is that it contains 
a relatively large proportion of matter in what we 
designate the colloidal state, a closer analysis indicates 
that in  fact the colloidal properties of living matter 
are  due to the fact that an exceptionally large fraction 
both of mateiial and of enel.gy is present in films, 
membranes, fibers, fine capillaries and the like. I t  
thus seems pertinent to inquire a little into the proper- 
ties of surfaces of separation between bulk phases or 
of matter in the boundary state. These surfaces of 
separation can be considered as a nex- phase-the 
interphase-and for  our discussion we must exanline 
this phase and find in what respect it  differs from the 
enclosing bulk phases. 

T h i l s t  we must pay attention to the static properties 
such as  composition, form and orlentation me must 
not forget that it is the dynamic properties of ingress 
and egress, of flow and chemical action in and with 
the tmo-dimensional contents of the phase that tve are 
particularly interested in, but any integrating features 
of the former are of great importance if i t  can be 
shown that they produce effects in the dynamics of 
the system which are not to be found in non-structural 
liquid or vaporous phases. 

We already know that the composition of the inter- 
phase differs from that of either of the bulk phases in 
contact with i t  and the general principles governing 
relationship between its composition and its three 
dimensional partners were clearly enumerated by Wll- 
lard G ~ b b s  and Slr  J. J. Thomson. Equally important 
are the considerations of Sir  JiTilliam Hardy and Irving 
Langmuir, who showed that in many cases when deal- 
ing ~v l th  an interphase we were actually examining a 
monolayer-a hypothesis suggested by Lord Rayleigh. 
Finally tve knov the molecules contained in the mono- 
layer are orientated with respect to one another and 
to the plane of the interphase. I need not enlarge a t  
this point on the structure and different physical states 
as well as tile effects of variation of the external 
variables on the equilibria of the phases of monolayers 
of simple molecules such as  derivatives of both para£- 
finic and cyclic 11ydrocarbon, since these have been 
exhaustively examined during the last twenty years, 
but monolayers both of macromolecules as well as those 
composed of binary and components of a higher order 
posseses a number of interesting and somewhat unex- 
pected propertiea. 

W e  find, for example, that macromolecules such as 
the methylated or acetylated starches and cellu10,es 
or the nati7.e protelns can be spread as monolavers. 
The chains are extended a t  t h ~  interface and in general 
the non-polar side chains penetrate Into one (the non- 

polar) and the polar side chains into the other (the 
aqueous) phase. This separation of the side chains 
by the solvent action of the homogeneous phases can 
only be effected by suitable partial rotation along the 
chain involving the usual cis-trans motion. Thus no 
single protein chain can acquire along its entire length 
e i t h e ~  the u or 0 keratin configuration unless the side 
chains alternate in polarity in suitable fashion. 3Iono-
layers of both the proteins and of the derivatives of 
starches and celluloses when suitably compressed 
acquire rigidity and interesting elastic properties; Ke 
are  forming in fact a tmo-dimensional gel, the proto- 
type of a membrane. TTTe shall return to some of the 
reactions which are observed with such monolayers, 
but may observe in passing that these macromolecules 
in  a monolayer are in part crossing one another by 
the accident of distribution, in past associate with one 
another through three separate factors: (a)  the non- 
polar side chains forming a h ~ d ~ o p h o b i csurface to  a 
triplex sheet; ( b )  association through the -CO-NH 
linkages in the chains; ( c )  association between some of 
the polar heads in  the substrate. It appears that a t  
extremely great surface dilutions of many proteins 
actual molecular separation occurs, and we are thus 
presented with a simple method of determining the 
molecular weight from the relation FA = RT of these 
complex bodies. 

JT'e have referred to the fact that ~nolecules in a 
monolayer are orientated relative to one another and 
to the substrate and that this orientation can he altered 
by extension or compression. I f  the molecules in the 
monolayer undergo reaction with a reactant dissolved 
in the substrate the rate of reaction may be modified 
by the charge in molecular orientation of the former. 
This is equivalent to a control of the steric factor and 
determining the path of approach of a reacting mole- 
cule or ion to the reactive portion of the other reactant. 
I n  this may both the reaction velocity and the height 
of the energy barrier or apparent energy of activation 
may be altered. 

I n  Tables 1and 2 and Fig. 1are given three different 
examples of such a variation in  reaction effected by 
change in compression of a monolayer. 

It is interesting to observe that these film reactions 
can be carried out with minute concentrations of 
strongly adsorbed reactants. Thus in the case of the 
attack of lecithin by siiake venom to form lysolecithin 
a half life of about one hour is obtained with a concen- 
tration of venoin as low as 2 . 6 x 10-6 per cent. When 
cobra venorn is examined by this method it is found 
that only in extreme dilutions does any reaction occur. 
This inhibition at  higher concentrations is due to prn- 
teins present in the cobra venom which are absorbed 
in preference to the enzyme by the lecithin monolayer. 
Egg albumin, altliough not so effective when added to 
black tiger venom, will produce a similar result. I n  



addition to lecithinase present in snake venoms, other 
enzymes have been studied and amongst them crystal- 
line trypsin and crystalline pepsin which rapidly 
digest monolayers of caseinogcn, the forrner a t  p H  8 
and the latter a t  p H  2. When the purified and crystal- 
line enzyme preparations are employed, these enzyme 
actidns on the protein monolayers behave exactly as 

Time in minutes. 
FIG.1. Oxidatioll of Erucic and Brassidic acids by 

0.005 per cent. KMnO, and K/100 H,SO,. 

in bulk phase, although the protein has undergone a 
process akin to denaturation. With unpurified proteo- 
lytic ferments, on the other hand, fatty acid protein 
complexes are invariably present which give rise to 
other phenomena. 

TABLE 1 

HYDROLYSISTRILBURIN N/5 NAOH. T = 20"
OF OX 

F dynes/cm E cals./gm mol. 

I n  the reactions which me have discussed the chemi- 
cal processes involved do not differ from those which 

No, of lecithin molecules Half life in 

per sq. cm x 10-14 minutes 


would occur in similar systems in the disorganized 
state, and the only effects of molecular organization 
into oriented monolayers are noted in the alterations 
produced in accessibility of the groups as revealed by 
the rapidity of the reactions and in the apparent 
energies of activation. 

A fnrther consequence of molecular orientation at  
interphases is found in those cases where radiation 
incident on the surface produces photochemical action 
after absorption of quanta by chromophoric groups i n  
the monolayer. I f ,  as is the case in ring compounds, 
the extinction coefficients are different along the three 
molecular or group axes, the photochemical reaction 
rate can be varied by alteration of the orientation by 
compression. Thus the rate of photochemcial hydro- 
lytic fission followed by oxidation in protein mono-
layers at  those points along the chain where the 
chroliiophoric groups are situate can be varied within 
wide limits by simple expansion or contraction. 

There are several processes in which an alteration 
in the properties of an interphase bring about a num- 
ber of varied biological processes of great importance. 
I may mention the 'phenomena of lysis, agglutination, 
sensitization and the lethal activities of certain sub- 
stances on various types of cells and micro-organisms. 
I t  is true that we are not yet certain in any one case 
as to the exact composition, structure or thickness of 
the cell membrane, but we are certain that the surface 
structure must be organized in the sense that forces 
of molecular orientation must be operative in  the 
membrane. Whilst, as  we have seen, a monolayer 
membrane of a protein may be destroyed by suitable 
enzymes, yet the phenomena which I am now referring 
to do not appear to be the result of chemical action 
in the usual sense of the ~vord. The reactions them- 
selves do not appear to possess large temperature 
coefficients indicative of sensible energies of activation, 
although it  must be admitted this fact is frequently 
obscured by other processes operative a t  the same time. 
We may mention in passing the thermal denaturation 
of proteins is a reaction in ~vhich the apparent and 
true energies of activation are markedly different, a 
fact emphaqized by tlie investigations of Steinhardt 
and La IIer.  A second criterion is to be found in 
the fact that these processes are nearly all catastrophic 
in character, i.e.; the process under investigation being 
recorded as  a hit or miss. As f a r  as  quantitative 
results are possible in such systems it appears that a 
definite quantity of reactant related naturally to the 
extent of all surface is required to bring about the 
reaction, and further that this quantity is removed 
from the environment on to or into the cell wall. One 
further point of interest is that the relation between 
the quantity on or in  the cell mall and the concentra- 
tion in the environment can be expressed in terms of 
an adsorption isotherm. Not too much stless nlay be 
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laid on this last point, because the adsorption isotherm 
may equally well be replaced for  existing experimental 
data by a partition function between t ~ ~ o  phases or by 
the mass law operative betreen easily dissociable salts. 

Whilst the extent of mutual miscibility of two liquid 
phases is usually interpreted in term5 of the relative 
internal pressures of the two liquids, TI-e note from the 
molecular point of vie~v, especially in the case of the 
large complex and the biologically important material, 
that Tve are really concerned with specific molecular 
interactions which nlay be identified as being due to 
those forces operatire between the non-polar and the 
polar portions of the molecules respectively. I n  t ~ v o  
component monolayers the t ~ v o  molecular species are 
adlineated in respect to one another, and ti7e sho~~lcl 

r e  have advanced as to the importance of molecular 
adlineation; thus saturated aliphatic hydrocarbon 
chains ~v i th  different reacting polar groups will forin 
stable systems, likewise trans-olefinic chains can pene- 
trate and pack both r i t h  one another and with satu- 
rated chains, but the cis form is not capable of such 
adlineation. From the biological point of view I think 
that the most interesting property of these systems lies 
in the mechanism of their formation, for  on injection 
of one of the reactants beneath a monolayer of the 
other it is found that penetration of the latter by the 
former ~vill take place to form the complex inonolayer. 
This penetration, if carried out a t  constant area, 
naturally inrolres a rise in tlle TI-o-dimensional pres-
sure, or if a t  coilstant pressure a rise in area is in- 
volved. TJre have indeed examined the formation of 
complexes under both these conditions, and the changes 
involved are frequently remarkable, thus the injection 
of a few mgm of saponin under a film of cholesterol 
compressed to a pressure of 10 dynes/cm will cause 
an increase of pressure of over 60 dynes/cm. Whilst 
a film of cetyl alcohol a t  20 A2 per molecule expands 
to no less than 78 A? even rvhen the pressure is main- 
tained a t  23 dynes, c111 on the injection of only 1mgm 
in 300 cc of cetyl sulfate. 

I f  sodium cetyl sulfate be injected beneath a mono- 
layer of cholesterol this substance ~vill  penetrate to 

thus anticipate that it might be possible to form 
reIatively stable two-component compIexes which in 
three dimensions mould only be detectable in terms of 
mutual solubility and when a mutual solvent was pres- 
ent as a third component might not be obserrable a t  
all. These conclusions are indeed fully borne ont by 
investigations on t~1-0 component monolayers. I t  is 
found, for  example, that strong complexes are  formed 
in misecl monolayers of a variety of substances such 
as saponin with cholesterol or digitonin or cetyl anline 
or sulfate with cholesterol. 

Examination of a great variety of these systems has 
demonstrated that the free energy of formation of tlle 
complex is constitutive in the sense that its magnitude 
is dependent on the extent of interaction bet~veen the 
polar reactive groups and also that of the Van der 
TTaals interaction bet~veen the non-polar portions of 
the reacting species. The difference in properties of 
mixed films containing cholesterol on the one hand and 
those containing, fo r  example, epi-cholesterol is most 
marked, but when models are made of the two inolec- 
ular sgstems, it  becoilles quite evident that the case 
of adlineation of the hydrophobic portions of the 
molecule and the relative orientation of the polar 
group with respect to the axis of the molecule are 
the determining factors. The free energy changes in- 
volved in formation of these tmo-dimensional colnplexes 
is of the order of some 10,000 cals. per gm. mol. Com-
plexes containing the constituents in ratios other than 
one to one can be prepareci; thus cetyl alcohol and 
cetyl sulfate can form both a 1 :  1 and a sonlevhat 
unstable e ~ m p l ( ~ x  in the ratio of 1:3, whereas elaidyl 
alcohol produces an unstable 1:2 but no 1:3 complex. 
It is probable that with a more extended investigation 
of these interesting systems the basis fo r  the lnost 
elementary form, i.e., a two-dimensional crysrallogra-
phy of the type envisaged by Patterson may be laid 
down. 

I might mention in passing that the effects of cis-
transisomerism on the free energies of the conlplexes 
are very characteristic and fully confirm the hypothesis 

form, as we have seen, a complex. By suitable adjust- 
ment of the preisure this complex can be maintained 
a t  the definite composition of one to one, excess of the 
sodium salt bemg ejected as the pressure is ra i~ed .  I t  
is found that the pressure on the film has to be raised 
as the concentration of sodium salt in the substrate 
1s raised; some of the ralues obtained are given in 
Table 3. 

TABLE 3 

cone.sodium cetyl sulfate Ecluilibrium pressure in  
gms/cc x 10-7 dynes/cm for the 1.1 

complex formation 

We conclude that there must be a more or  less com- 
plete layer of the sodium sulfate adsorbed beneath the 
surface of the complex. We are thus led to the view 
that in many oil-in-water emulsions as well as in the 
micellar aggregates found in soap solutions the gegen 
ion atmosphere around the emulsion particle or micelle 
must contain a nunlber of molecules of the enlulsifying 
soap, a somewhat novel conclusion as to their structure. 
Further, that emul4ons formed from such complexes 
should be remal-kably stable with a low interfacial 
energy. I n  some cases a %mall alteration in the p H  
of the substrate may affect the easr of penetration of 
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a reactant to a marked extent. I n  the diagran~ is shown 
the effect of such a variation on the rate and extent 
of penetration of bilirubin into cholesterol as a func- 
tion of the p H .  It is possible to examine the reactivity 
of various substances in respect to penetration of 
monolayers. I have referred to the penetration of 
monolayers of cholesterol and we note that some sub- 
stances sclch as digitonin or cetyl salfate or amine 
possess this property to a remarkable extent. Of the 
other important cell wall constituents we include phos- 
pholipins and the proteins. Little information as yet 
is a~railable on phospholipins, but our knowledge of 
the reactions of this type in the case of the protkins, 

Effect of pH on penetration of 
bilirubin into holest eroi 
phosphate buffers. 

Time in minutes. 

FIG.2 


especially the alcohol soluble ancl thus readily dis-
persible protein gliadin, has been greatly extended in 
yecent years. 

The stability of the protein monolayer is, as me have 
seen, clue partly to their mutual association; if thebe 
are broken clown by sti,onger associating reactants we 
might anticipate a dispersion of the monolayer result- 
ing in a solution of the protein in the forin of a pro- 
tein-reactant complex. Thiq phenomenon is readily 
observecl on injection of even minute quantities of such 
substances as sodium oleate, cetyl sulfate or psychosin 
beneath a protein monolayer. 

Other substances may react by penetration into the 
protein layer b71t not effect clispersion. By spreading 

monolayers wit11 various head groups and examining 
the reactions caused on injection it is possible to iden- 
tify the reacting group in the protein monolayer. A 
characteristic group of protein complexes formed in 
monolayers are the lipo proteins; thus gliadin forms 
a remarkable complex with cholesterol in  the ratio 4:  1 
by eight. Here the cholesterol is anchored to specific 
groups in the gliadin, in  particular the amino and 
carboxylic groups. -4t high pressures (20 dynes) the 
cholesterol is forced up  above the protein monolayer, 
and the surface becomes one essentially of cholcsterol. 
Severtbeless the cholesterol is still anchored to specific 
portions of the protein, for  on release of the pressure 
the lipo-protein film is re-formed. This extrusion and 
re-forming. process can be repeated several times before 
the complex structure breaks down. I t  is interesting 
to note that saponin, which penetrates cholesterol with 
extreme ease, but proteins only slightly, will penetrate 
these lipo-protein filtns except a t  those pressures where 
the cholesterol is separated from the substrate by the 
protein tnonolayer to ~vhich the cholesterol is anchored. 

I t  thus appears not unlikely that the materials such 
as cytoplasm, and especially in the more stratified 
chloroplasts, must be regarded as a protein gel frame- 
work to which is attached the enzymes, the phospha- 
tides and lipoids and the mean. of attachment is as 
we have seen due to the interaction both of the non- 
polar as ell as of the polar portions of the molecules 
concerned. Another important conclubion to be dralvn 
from monolayer experiments is that these penetr a t' ive 
reactioiis i n v o l ~ e  not only a new head group interac- 
tion, but in many case; also the breaking of such a 
head group interaction already existing in the mono- 
layer prior to penetration. Several biological analogies 
may be nlentioned-thus since lysis of blood cells can 
be brought about both by protein ancl cholesterol pene- 
trants me must conclude that it has lipo-protein sur-
face. Several micro-organisms can be sensitized for  
lysis by cholesterol penetrants by a prior treatment 
with cholesterol. Again, cilia of mytilus appear to be 
mainly lipoiclal, those of paramoecia chiefly protein, as 
judged by the criterion of penetration. 

The carrier action of desoxycholic acid on fatty 
acids can readily be demonstrated in  monolayers, as 
desoxyoholic acid does not interact x i th  other lipoids 
nor to any great extent with proteins. R7e find also 
that the hemolytic activity of a long chain alcohol is 
negligibly small, owing to the fact that it is practically 
insoluble in water. but it  readily forms a soluble com- 
plex with a long chain sulfate and can be transported 
to the cell wall in this form. There both the sulfate 
and the alcohol can penetrate separately, the former 
acting both on the protein and on the lipoicl, the latter 
only on the protein, and produce lysis. 

P e t  another reaction of this type has been describecl 
by Peters and SVakelin, who found that the complex 
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ovoverdin containing protein and astacin could be split 
to form a lipo-protein containing soap by the addition 
of small amounts of saturated long chain fatty acids 
setting free the astacin. On the addition of calcinin 
ions the process is reversed. They likewise dram atten- 
tion to the fact that it seems probable that the co-
enzyme in an oxidase system may be separated from 
the enzyme by the fornlation of such a lipo-protein 
complex. 

Sonle~vhat more complex in behavior are the blood 
coagulants heparin and the sp the t ic  sulfate celluloses. 
I t  is found that their biological activities run parallel 
to the ease with which they penetrate films of choles- 
terol. I t  is not unlikely that they operate by breaking 
down a cholederol cephalin complex, setting the latter 
free. 

W e  have referred to the fact that for the penetra- 
tion of a monolayer by a substance injected into the 
substrate primary interaction between the reactive 
head groups occurs, followed by solution, i.e., pene-
tration and adlineation, of the tail. I n  the case of 
reactants containing tmo or more reactive head groups 
it is found that these can associate with head groups 

in the monolayer and thus form a series of links. 
Here another important factor is found operative. I f  
the injected bipolar molecule possess a hydrophobic 
portion of such a structure that it can pack or adlineate 
11-it11 its neighbors beneath the monolayer, the resultant 
composite film is remarkably stable. Thus the long 
chain dibasic acids are adsorbed on to, but do not 
penetrate monolayers of amines, whilst the diamidines 
are adsorbed by, but do not penetrate inonolayers of 
cholesterol. Substances containing the phenolic group 
are of particular interest in this respect as  they include 
a number of biologically important substances. They 
react with amine groups quite readily and to a less 
extent with the imiclo group in a polypeptide chain. 
Gallic and tannic acids react with great ease with mono- 
layers both of amines and with proteins. I t  is inter- 
esting to note that the reactivity of tannic acid with 
the spaced amine groups of the protein is high and 
that subsequent injection of fatty acids beneath such 
treated monolayers in the dispersion of the galloyl- 
amine or galloyl-protein complex film, but not in  the 
tanned one--an indication of the effectiveness of the 
interlinkage produced in the noa-disperrible network 

Gliadln Protein Fi lm A V  340mvs at 16 dynesssrface ~ o r n p r e s s i o n .  
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by the multiple point contact of the large tannic acid 
molecules. 

The extremely reactive oestrogenic compounds of 
Dodds and Lamson, of which the pp' dihydroxy 
diphenyl hexadiene and stilbene derivatives form a 
definite series in which the ratio of hydrophobic to 
hydrophilic portion can be varied, present an inter-
esting series, the results of injection of which under a 
protein monolayer are shown in the attached curve. 

I t  will be noted that reaction sets in rapidly, but 
equilibrium is only finally attained after some 15 to 
20 minutes, and that there is a parallelism between the 
estrogenic activity and the protein adsorption except in 
the first and the last members, points we shall refer 
to later. 

I n  apparent conformity with Traube's view, there 
is a marked increase in  adsorption with increase in the 
number of CH, groups in the molecule, and this 
aclkorption is cut. down by the insertion of polar groups. 
This effect is clearly exemplified in comparing the 
diethyl stilbene or dibenzyl compounds with the cor-
responding pinacols. I f ,  lio\rever, reactive polar 
groups, e.g., the phenolic hydroxyl, had been inserted 
instead of the primary alcoholic groups in the pinacols, 
a. marked increase rather than a decrease in  adsorp- 
tion mould have been observed, for  the following com- 
pounds react in order of increasing adsorption on both 
anline and protein monolayers-cresol, gallic acid, 
digallic acid, purpnrogallin and tannic acid. This 
order is, hornever, reversed to give a normal Tranbe 
series when these substances are  injected under a rela- 
tively non-reactive monolayer such as a long chain 
acid. 

A wide variety of substances have been examined 
from this point of view, namely, their extent of inter- 
action with protein monolayers, and it has been found 
that there is a direct parallelism between their extent 
of interaction and their lethal action on paramecia. 
Another significant biological similarity has been noted 
when we measure the extent of penetration of a series 
of substances containing identical hydrophobic "tails," 
e.g., a C,, chain but with different head groups, into a 
monolayer of a typical lipoid such as  cholesterol. I n  
all cases the extent of interaction as  measured by the 
increase in surface pressure caused by the injection of 
0.33 mgm/100 cc under a .film of cholesterol originally 
extended to 40 A2 per molecule is found to be closely 
parallel to the hemolytic activities and lethal activities 
on paramecia of these substances. 

These latter can be placed in order both of mono-
layer penetration and biological activity as  follows: 
RNH-, > RSO', > RSO', > RCOO' > 

R S  (CH.,), > RSH(C+H,), >Bile acids. 
TF7e map conclude' that the most reactive group in 

the protein macromolecule is the amino group, since 
the -NH-CO- group is poorly reactive, a point of 

some interest when we examine the reactions of lecithin 
and of cephalin. This order of head group reactivity 
receives. confirmation when penetration into monolayers 
containing these head groups is examined, i.e., on in-
verting the system. TIThen we compare the reactivities 
of a series of long chain compounds with identical 
head groups it is found that biological activity and 
film penetration commences with C, when attached to 
a very reactive head group, with C,, when attached to 
a poorly reactive group, and reaches a nlaximum value 
at  ca. C,,. I t  is interesting to note that it  is not 
necessary for  all the carbon atoms to be in the form 
of a chain but may be enclosed in ring Bystems; thus 
activity commences with diphenyl derivatives and in- 
creases with addition of carbon atoms to an optimum 
as in the bile acids, stearic acid, diethyl stilbene and 
benzpyrene. By examining the reactivity of sub-
stances containing two reactive groups a t  various 
spacings underneath protein monolayers, it is possible 
to obtain some idea as  to the statistical distribution of 
the reactive groups in  the monolayer. I t  would appear 
that some 1 2 .  5 is the mean distribution of the amine 
groups beneath a gliaclin film. I n  the native protein 
such spacings are naturally different, and thus reac-
tions involving two-point contact will not take place 
in bulk phase unless the spacing is unaffected by two- 
dimensional unrolling of the protein. 

We have referred to the modification which must be 
introduced into either the Overton 3Ieyer or Tranbe 
concepts of biological activ~ty. i.e., lipoid solubility or 
capillary activity necessitated by the concept of specific 
head group interaction. W e  see that a definite limit 
is also set to the hydrophobic portion of the molecule, 
not only on account of the decreasing solubility in the 
aqueous phase causing difficulty in transport and on 
account of the ease of adlineation or packing having 
an optimum of C,, for  association with sterols or fats, 
but also because a new phenomenon, as exemplified in  
the figure, sets in with long chains, via., dispersion of 
the monolayer, most marked in the case of 4 4' dilly-
droxy dipropyl stilbene. I t  is possible that this phe- 
nomenon of film collapse and dispersion may be a 
generally important factor in setting the upper limit 
to the chain length or more generally the capillary 
activity of homogeneous series of biologically impor- 
tant substances, e.g., anesthetics. This dispersion of 
protein films may have biological counterparts in 
adsorption on specific portions of the cell surface 
similar to  the hemolytic activity of long chain com-
pounds such as oleic acid, which readily disperses pro- 
tein films. Another interesting parallelism has been 
observed in the surface reactivities and estrogenic pow- 
ers of two isomeric compounds (pp '  dihydroxy diethyl 
dibenzyl), one being markedly differentiated from the 
other in both protein adsorption and in estrogenic 
activity. Here models indicate that the trans arranged 
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rings can pack laterally mith one another in sheet form 
much more readily and ~vi th  a greater degree of ad- 
lineation than the cis structure. imparting stability to 
the adsorption coinples formed with the former sub- 
stance. 

I n  advancing these somewhat novel principles based 
upon the hypothesis of a parallelism of film reactions 
and biological activity. i t  is desirable to point out 
exceptions. It is found, for  example, that 4 4' di-
hydroxy diethyl pinacol is a much more effective estro- 
genic agent than either its parainecicidal activity or 
adsorption on protein monolayers mould suggest. The 
view might be advanced that on certain living tissues 
it  can be partly converted by enzymitic dehydration 
to the extremely active 4 4' dihydroxy diphenyl 
hexadiene. Another interesting exception is to be 
fonnd in desoxycholic acid, ~vhich is the only hemolytic 
agent in the bile acid (cu .  1:550) series and is like- 
wise lethal on paramecia. I t  is as we have seen unre- 
active to films of protein, cholesterol and glycerides, 
and in fact a specific interaction mith fatty acids is 
involved. 

This method of attack permits us to investigate the 
nature of the coatings of cells or uiiicellular animals 
and plants by exanlining the effects of lipoid or protein 
penetrating substances on them. 

Thus both red cells and paramecia are affected by 
both lipoid and protein monolayer penetrating (cyto- 
lyzing) or adsorbing (agglutinating) agents, and me 
deduce that their surface structures must contain lipo- 
proteins or consist of a lipoid protein mosaic; whereas 
certain other unicellular animals frequently found asso- 
ciated with paramecia and in addition the cilia of 
mytilus are not affected by protein dispersants but are 
re9dily influenced by lipoid penetrating agents, and 
their coatings i11 conscquence inust be chiefly lipoidal 
in nature. 

Examination of the carcinogenic hydrocarbons by 
the monolayer techniqne reveals the interesting fact 
that whilst they themselves are ~uireactive they are 
readily converted into extremely reactive water-soluble 
photo-oxides. These substances aye not only reactive 
to protein monolayers like the water-soluble dibenzan- 
thracene endosuccinnate, but also are paramecicidal, 
the parallelism between the biological activity and 
moiiolayer reaction being maintained. 

Afany attempts have been made to construct model 
systenis to yield potential differences analogous to  the 
bioelectric potentials observed in tissues. The work 
of Beutner. Bauer, Cremer and others suggests that 
potential differences of magnitude corresponding to 
those fonnd in l i ~ i n g  systems can be obtained by inter- 
posing suitable oil phases between electrolytes of dlf- 
ferent composition, and the fact that the penetration 
of large molecules into liring cells frequently follows 

their lipoid solubility has given support to the t l ieoq 
that the seat of the bioelectric potential lies in the 
lipoid-like cell mall. The order of thickness of sucll 
cell walls can not exceed a fern molecular layers. and 
Tve must take this fact into consideration, We have 
noted that a t  the lipoid-water interface there will 
exist an orientated layer of dipoles, and on placing 
n non no layer a t  the iaterface. the origlnal array of 
solvent dipoles will be replaced by one consisting of 
the material of the monolayer. I f  an electrolyte be 
brought to equilibrium in both the homogeneon. 
phases, i t  is clear that opposite the monolayer in both 
the aqueous phase and in the lipoid phase adsorption 
and electrokinetic potentials2 will be built up  of such 
magnitudes that the total potential fall across the intel- 
face, \~-hich may be written Soil+ AV+ SIT-ater, must 
be zero. I f  the lipoid phase be replacecl by air no 
diffuse double layer can be built up, since the gaseous 
ions produced by the usual radioactive source are con- 
tinually clra~vn into the liquid phase; there is in con- 
sequence a pcriilanent potential fall equal to ATT+ 
h a t e r ,  which is the one custonlarilp measured. 

I t  is evidence that a bioelectric potential difference 
may be caused bx a sudden alteration in AV, for the 
compensating potential differences Soil and Ev-ater 
mu-t take time to readjust theniselve~ by diffusion to 
the new equilibrium values. Slnce in general the elec- 
trolyte concentratioii i11 the aqueous phase is high, it 
seenis probable that Sn~ater mill adjust itself to the 
nemr value acquired by AT' as rapidly as A T  can be 
caused to change either by nlechanical, electrical or 
chenlical means. Thus wrges in potential difference 
across the interface due to a periodic alteration i11 AT-
may be caused by the slo~v readjustment of $oil, for 
~t is in this phase that the ionic coilcentration is Ion-. 

Another source of biological potentials is to bo 
found in the case where the chemical potential of the 
electrolyte is not the same in the two phases, bringing 
into existence a diffusion potential across the interface 
from source to sink. I t  is clear that a monolayer can 
only affect the diffusion potential provided that its 
permeability to the ions is not only comparable to that 
of the honlogeneous phases on each side, but that it 
also is not equally\- permeable to both ions. Experi-
ments have shown that monolayers and even built-up 
multilayers of considerable thicklleis of proteins are 
surprisingly permeable to ions and me must presunle 
that the bioelectric potentials do not involve only a 
protein membrane between the ionic iource and sink. 

2 Whether adsorption or electrokinetic potentials nil1 be 
built up in any specific cacle ~vill depend on whether short 
or long range foices are involred i . ~ . ,  on the nlagnit~tde 
and spacing of the dlpoles. I f  the-dipole system occurs 
across a relatively thick multilayer the potentials 77-ill be 
purely electrokiaetic. 
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I t  thus appears that there is some justification for-the 
assumption that it must be a lipoid or a lipo-protein 
membrane. 

I t  has been the purpose of this address to re-empha- 
size the importance of the fundamental concepts intro- 
duced by Sir W. Hardy and Dr. I. Langmuir as to the 
structure of matter in the boundary state. I have 
attempted to show that there is implicitly contained in 
the concept of molecular orientation a whole series of 
properties and events fo r  which there are no analogies 
in homogeneous bulk phase systems. TTe note that 
many of the modes and types of the reactions mhich 
can be effected in monolayers, and which can be defined 
with precision and their mechanism established with a 
considerable degree of assurance, are unique for  such 

interphases, but aye again observed in living and 
organized material. I t  is with this object of ultimate 
correlation with biological behavior that we have taken 
u p  the detailed study of inte~facial  reactions at  Cam- 
bridge, and I should like to express my deep indebted- 
ness to my colleague, Dr. J. Schulman, ~ v h o  has been 
associated with me in this object. 

Many "vitalistic" models hav: been proposed in the 
past, and whilst it might be correct, although unscien- 
tific, to suggest that the ultimate level of integration 
in living matter is incapable of examination and defini- 
tion, yet I believe that one is justified in asserting that 
a t  least one of the important levels to which due atten- 
tion mnst be given for  a proper understanding of bio- 
logical activities is that of the ordered interface. 

OBITUARY 

THE MAY0 BROTHERS AND THEIR CLINIC 

THERE mas nothing mysterious or supernatural 
about this twentieth century Lourdes a t  whose doors 
incredible numbers of the lame, halt and blind have 
for  years been daily delivered from the ends of the 
earth. Nothing snpernatural-unless possibly the flaw- 
less, life-long devotion of two brothers for  one another 
be so regarded. Not since the somewhat mythical 
attachment of those fifth-centnry physicians, Cosmos 
and Damian, both of \vhom in due time came to be 
sanctified, has there been anything quite like it. 

Rochester, Minnesota, fifty years ago, then scarcely 
on the map, was a prairie town near the headwaters 
of the Mississippi where in a humble way, a t  St.  
Mary's Hospital, the Clinic had its beginning. I t  was, 
to be sure, a Catholic foundation in mhich Sisters of 
Mercy doubtless prayed for  the recovery of their 
patients. But it  mas not primarily fo r  prayer, however 
efficacious, that the afflicted as by a magnet came to be 
drawn to that particular shrine. 

I t  was rather the world-wide reputation of two 
forward-looking nien whom I like to remember as they 
were thirty years and more ago, young and vigorous; 
each blessed with rare surgical judgment, each with 
hands which seemed possessed, in an emergency, with 
an uncanny ability to do, unflustered, just the right 
thing a t  the right moment. 

At this shrine there was plenty of ritual, to be sure, 
but it was the ritual of the well-drilled, silent, operat- 
ing room where for  every movement there is a reason; 
where the incense in the air is not to conceal corrnption 
but to produce painless sleep; where the water in 
which gloved fingers are dipped is holy only because 
it is sterile. 

Their father, the senior Dr. Mayo, pioneer and 
Indian fighter, was still alive when I first came to know 
the place in its early simplicity. There mere then but 
two operating tables, a t  one of which "Dr. T\Till" offi- 

ciated, a t  the other in an adjoining room "Dr. Charlie." 
They were thus affectionately differentiated by every 
one-staff, patients, employees and fellow townspeopIe 
-not to mention the countless visiting doctors who 
even then were wearing a path to their door. 

F o r  these also soon came from all parts of the world, 
often by special trains, to see fo r  themselves what mod- 
ern miracles mere being performed daily in this once 
obscure country t o m .  To what they could learn and 
carry away for  their own use they were more than wel- 
come, for  our profession has no trade secrets. The 
more widely knowledge can be disseminated, the better 
fo r  every one. 

And so, as the years slipped rapidly by, a great 
tower of healing, known everywhere as the hfayo Clinic, 
was finally erected-a living memorial to a great idea, 
not a mere place of worship for  tradition dead and 
gone, like the Basilica of SS.  Cosmos and Damian built 
some fifteen centuries ago in Rome by Pope Felix I T .  

Another contemporary pair of no less self-effacing 
brothers-Wilbur and Orville Wright of Dayton, Ohio 
-~i~ere also at  about the same time dreaming dreams 
of a different sort that in no leis spectacular fashion 
came likewise to be fulfilled. Like the hIayos, they 
seem to have imbibed in their youth the flavor of the 
old Northwest Territory where the offspring of the 
early settlers were reared to think more highly of 
serving mankind than of helping themselves. 

One is led to wonder het the^ imaginative visions of 
such kind are not more likely to occur and be more 
possible of realization for  tho5e who live where hori- 
zons are broad than for  those cooped up  in metropoli- 
tan centers where, even could the rising or the setting 
sun ever be seen, there would be no time to stop and 
commune with it. 

Different as TT. J. and C. H.  Mayo were fronl each 
other, I have always felt that there v a s  something 
Lincolnesque about them both. I t  mas shown not only 


