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THE GERMPLASM AS A STEBEOCHEMIC 
SYSTEM1 

THEdiscovery in 1883 by Dr. S. Weir Xit-
chell and myself that the toxic principles of 
the venoms of serpents are albuminous marked 
an era in the chemistry, physiology and 
pathology of proteins, and among other things 
laid the foundation of our knowledge of bac- 
terial and other toxalbumins. Since that time 
our information of the properties of albumin- 
ous substances, then extremely meager and 
somewhat chaotic, has greatly advanced, and 
many investigations have been made to deter-
mine the precise nature .of these poisons, with 
the effect of more or less modifying the state- 
ments we then set forth. The astonishing 
fact that these terribly lethal substances were 
found by the tests of the day to be proteins, 
and that apart from their toxic properties 
they were indistinguishable from correspond- 
ing bodies that are ingested as food or derived 
therefrom by the processes of digestion, or 
found as normal constituents of the living 
tissues generally, naturally led me to much 
speculation and ultimately to the pursuit of 
the very elaborate series of researches that I 
have been carrying on during the past decade 
under the auspices of the Carnegie Institu- 
tion of Washington, reports of two of which 
have appeared as Publications Nos. 116 and 
173. 

It would be futile for me to attempt within 
the necessarily restricted time that can rea-
sonably be allotted to the reading of a com-
munication to present in a satisfactory form 
even the briefest summary of the very volu- 
minous results and conclusions that are em-
bodied in these works, or even an outline of 

1 Read by bitle at the meeting of the American 
Philosophical Society, April 25, 1914, and in fuil 
before the Society of Normal and Pathological 
Physiology of the University of Pennsylvania, 
April 28, 1914. 
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their bearings upon a vast number of prob-
lems of normal and abnormal biology, so that 
perforce my remarks shall be limited to a 
fragment-a fragment which bears upon one 
of the most baffling yet all-absorbing prob- 
lems of life, why "like begets like." 

A. 	 T h e  Speci f ic i ty  o f  Stereoisomerides in 
Re la t i on  t o  Genera, flpecies, etc. 

These researches have as their essential 
basis the conception that in d i f f e ren t  organisms 
corresponding complex  organic substances t h a t  
cons t i tu te  t he  supreme s truc tural  components  
o f  protoplasm and  t h e  ma jor  synthe t ic  products 
o f  protoplasmic ac t iv i ty  are n o t  in a n y  case 
absolutely ident ical  in chemical consti tution,  
and  t h a t  each such  substance m a y  ex is t  in 
countless modif ications,  each modif ication be ing  
characterist ic o f  t h e  f o r m  o f  protoplasm, t h e  
organ, t h e  indiv idual ,  t h e  sex, t h e  species and 
t h e  genus.  This conception was supported not 
only by the extraordinary differences noted 
between the albuminous substances of venom 
and those of other parts of the serpent, but 
also by the results of the investigations of 
Hanriot, who described marked differences in  
the properties of the lipases of the pancreatic 
juice and the blood; of Hoppe-Seyler and 
others who stated that the pepsins of cold-
and warm-blooded animals are not identical; 
of Wr6blewsky and others who recorded differ- 
ences in the pepsins of mammals; of Kossell 
and his students who found that the protamins 
obtained from the spermatozoa of different 
species of fish are not identical; and of vari- 
ous observers who have noted that the erythro- 
cytes of one species when injected into the 
blood of another are in the nature of foreign 
bodies and rapidly destroyed. During sub-
sequent years, and especially very recently, 
data have been rapidly accumulating along 
many and diverse lines of investigation which 
collectively indicate that every individual is 
a chemical entity that differs in characteristic 
particulars from erery other. To any one 
familiar with the advances of biochemistry 
and with the trend of scientific progress to- 
wards the explanation of vital phenomena on 
a physico-chemical basis, it will be obvious that 

if the conception of the non-uniform consti- 
tution of corresponding proteins and other 
corresponding complex organic substances in 
different organisms and parts of organisms 
were found to be justified by the results of 
laboratory investigation a bewildering field of 
speculation, reasoning and in~estigation would 
be laid open-a field so extensive as to include 
every domain of biological science, and seem- 
ingly to render possible, and even probable, a 
logical expIanation of the mechanisms under- 
lying the differentiation of individuals, sex, 
varieties, species and genera; of the causes of 
fluctuations and mutations; of the phenomena 
of Mendelism and heredity in general; of the 
processes of fecundation and sex-determina- 
tion; of the tolerance of certain organisms 
to organic poisons that may be extremely 
virulent to other forms of life; of tumor for- 
mation, reversions, malformations and mon-
sters; of anaphylaxis, certain toxemias, immu- 
nities, etc.; and of a vast number of other 
phenomena of normal and abnormal life which 
as yet are partially or wholly clothed in 
mystery. 

Some years presious to the discovery of the 
nature of the lethal constituents of venoms, 
Pasteur found that there exist three kinds of 
tartaric acid which, because of different effects 
on the ray of polarized light, are distinguished 
as the dextro-, l ~ o -  and racemic-tartaric 
acids, the dextro form rotating the ray to the 
right, the laro form to the left, and the race- 
mic form not at  all. When these acids were 
subjected in separate solutions to the actions 
of Pen ic i I l i um  g l a u c u m  fermentation pro-
ceeded in the dextro form, but not in the laevo 
form, while in the solution of the racemic 
acid, which is a mixture of the dextro and 
lev0 acids, the dextro form disappeared, leav- 
ing the laevo moiety unaffected. All three 
acids have the same chemical composition and 
chemical properties, but differ strikingly in  
their effects on polarized light and in nutri- 
tive properties. Identical or corresponding 
peculiarities have since been recorded in rela- 
tion to a large number of substances. Thus, 
of the twelve known forms of hexoses, or glu-
coses, only the dextro forms are fermentable, 
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that is, capable of being used by certain low 
organisms as food, but not all are thus avail- 
able, ancl, moreover, those which are show 
rnarlced differences in the degree of fermenta- 
bility. In the case of other substances Peni-
cdiliunz may consume the lzvo form, but not 
the dextro form. Other organisms show similar 
wlectivitic~s, using either dextro or lmvo form, 
or both, hut in the latter case in unequal 
degree. I h e n  more striking instances have 
bccn recorded in the actions of poisons, as, for 
instance, dcxtro-nicotine is only half as toxic 
m the lzvo form; dextro-adrenalin has only 
one twelfth the power of the l ~ v o  form; 
racemic-cocaine has a rluicker and more in-
tense but less lasting action than the lmvo 
form; the asparagines, hyoscines, byoscya-
mines and other substances have been found 
to exhibit marked differences in accordance 
with variations in their optical properties. 
With other bodies belonging to this category 
i t  may be found that one form is sweet while 
another is tasteleqs; another may be odorous, 
but its enantiomorphous form without odor. 

To the foregoing there may be added exam- 
plcs of other substances that exist in several 
fornii, but which physico-chemically belong 
to a different class. Thus, nitroglycerine may 
exist in forins that are so different that under 
given conditions of temperature and percus- 
sion one is explosive and the other non-explo- 
sive. 1)iflerences in substances which are 
found in allotropic forms may be as marlred 
ns in any ol' the preceding illustrations, as, for 
instance, in the case of phosphorus, which is 
familiar as the yellow, white, blacli and red 
varieties, all of which with the exception of 
red phosphorus are exceedingly poisonous, while 
the latter it, inert. The ortho, meta and para 
forms of a given substance may exhibit more 
or leqs marked physiological and toxicological 
variations, and so on. 

The explanation of the remarliable differ-
cnces shown by theie substances, which differ- 
ences are paralleled by those manifested by the 
lethal and innocuous proteins of the serpent, 
the pepsins, the protamins and the red blood 
corpuscles is to be fonnd in the results of two 
independent but intimately related lines of 

physico-chemical research : (1) The investi-
gations of Van't HOE and LeBel and subse- 
quent observers which have laid the Eounda- 
tion of a new, and to the biologist and physi- 
cian an  extraordinarily important, develop- 
ment of chemistry known as stereochemistry- 
a department that treats of the arrangements 
of the atoms, groups and masses of molecules, 
or in other words of intra~nolecular arrange- 
ment or configuration of molecular components 
in the three dimensions of space. (2) The 
investigations of Willard Gibbs and others 
which have given us the "phase rule," which 
defines the phases or forms in which a given 
substance or combination of substances n ~ a y  
exist owing to differences in intramolecular 
and extramolecular arrangements and concen- 
tration of their conlponents in relation to 
temperature and pressure. 

According to stereochemistry a given sub- 
stance may exist in multiple forms dependent 
upon differences in the configuration of the 
molecule, all of which forms have in common 
the fundamental chemical characteristics of 
a given prototype, yet each may have certain 
properties which positively distinguish i t  from 
the others. Theoretically, such substances as 
serum albumin, serum globulin, hemoglobin, 
starch, glycogen and chlorophyl may be pro- 
duced by nature in  countless modified forms, 
owing to differences in intramolecular ar-
rangements. &Iiescher has estimated that the 
serum globulin molecule may exist in a thou- 
sand million forms. Substances that exist i n  
such multiple forms of a prototype are dis-
tinguished as stereoisomers. The remarkable 
fact has been noted by Fischer and others 
that stereoisomers may exhibit as great or 
even greater differences in their properties 
than those manifested by even closely related 
isomers, which latter i n  comparison with stereo- 
isomers are distantly if a t  all chemically 
related. As already instanced, so slight a 
change in molecular configuration as gives 
rise to dextro and lavo forms may be suffi- 
cicnt to cause definite and characteristic and 
even profound differences in physical, nutri-
tive and physiological properties. 

Tn accordance with the "phase rule " a sub- 
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stance or a combination of substances may 
exist in the form of heterogeneous or homo- 
geneous systems, a heterogeneous system con- 
sisting of a number of homogeneous systems, 
each of which latter is a manifestation of an  
individual phase and distinguishable from the 
others by physical, mechanical, chemical or 
physiological properties. The number of 
phases oE a heterogeneous system increases 
with the number of component systems, and 
the nrimber of the latter is i n  direct relation- 
ship to the numher of independent variable 
constituents. Therefore, by means of varia-
tions of either or both intramoleclllar or extra- 
molecular arrangement the number of forms of 
a subqtancc or conibination of substances may 
range from few to infinite. 

Our means of diircrentiating stereoisoniers 
are, on the wholc, limited, and for ihe most 
part crude, and while i t  has been found that 
differences so masked as those referred to may 
be detected by the ordinary proceclures, it seems 
obvious that the inherent limitations of such 
methods render them inadequate where a large 
nuniber of stereoisomerides or related bodies 
which may exhibit only obscure modifications 
are to be definitely differentiated, so that 
other and more sensitive methods must be 
sought, or at  least special methods that are 
adapted to exceptional conditions. The re-
sults of much preliminary investigation in  
this direction led in one research to the adop- 
tion of the crystallographic method, especially 
the use of the polarizing microscope, which 
in its very modern developments of analysis 
has demonstrated that substances which have 
different molec~xlar structures exhibit corre-
sponding differenees in crystalline form and 
polariseopic properties; and, moreover, that 
the '(optical reactions "may  be found to be as 
distinctive and as exact analytically as the 
reactions obtained by the convrrltional methods 
of the chemist. Furthermore, the necessities 
of the hypothesis demanded the selection of a 
substance for study of a character which upon 
theoretical grounds might be expected to exist 
i n  nature widely distributed and readily pro- 
curable, and, as a consequence, hemoglobin 
was selected. 

In the investigation of the hemoglobins I. 
had as a coworlier Professor Amos Peaslee 
Brown. IIemoglobins were examined that  were 
ohtained from over 100 animals, representing 
a large variety of species, genera and families. 
From the data recorded certain facts are 
especially conspicuous, among which may be 
mentioned the following : 

1. The constant recurrence of certain angles, 
plane and dihedral, in the henloglobins of 
various species, even when the species are 
widely separated and the crystals belong to 
various crystal systems. This feature indi-
cates a common structure of the hemoglobin 
molecules, whatever their sonrce. 

2. The constant recurrence of certain types 
of twinning in the hemoglobins, and the prev- 
alence of mimosie. This has the same signif- 
icance as the foregoing. 

3. The constancy of generic characters in 
the crystals. The crystals of the ~ a r i o u s  spe- 
cies of any genus belong to a crystallographic 
group. TTllen their characters are tabulated 
they a t  once recall crystallographic groups of 
inorganic compounds. The crystals of the 
genus Felis constitute an  isomorphous group 
mhieh is as strictly isomorphous as the groups 
of rhombohedra1 and ortliorhonibic carbonates 
amoiig minerals, or the more complex mole- 
cules of the members of the group of mono-
symmetric double sulphates. 

4. The crystallogralihic specificity in rela. 
tion to species. The crystals of each species of 
a genus, when they are favorably developed 
for examination in  the polarizing microscope, 
can usually be distinguished from each other 
by definite angles and other properties, while 
preserving the isomorphous character belong- 
ing to the genus. Where, on account of diffi- 
culfy of n~casureinent, the differences can not 
be given a quantitative value variations in 
habit and mode of growth of the crystals often 
show specific differences. 

5. The occurrence of several types of oxy-
hemoglobin in  members of certain genera. 
I n  some species the oxyhemoglobin is dimor- 
phous and in others t r im~~phous .  Where sev- 
eral types of crystals occur in this way in the 
species of a genus the crystals of each type 
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may be arranged in  an isomorphous series. 
I n  other words, certain genera as regards the 
henloglobins are isodimorphous and others 
isotrimorphous. 

6. When orders, families, genera or species 
are well separated the hemoglobins are corre- 
spondingly markedly differentiated. For in- 
stance, so different are the hemoglobins of 
Aues, Marsupialia, Ungulata and Rodentia 
that there mould be no more likelihood of con- 
founding the hemoglobins than there would 
be of mistaking the animals themselves. Even 
where there is much less zoological separation, 
as in the case of the genera of a given family, 
but where there is well-marked zoological dis- 
tinction, the hemoglobins are so different as 
to permit readily of positive diagnosis. When, 
however, tllc relationships are close the hemo- 
globins are correspondingly close, so that in 
instances of an alliance such as in Canis, 
Vulpes  and Urocyon, which genera years ago 
were included in one genus (and doubtless 
correctly) the hemoglobins are very much 
alike, and in these cases they may exhibit 
closer resemblances than may be found in  
general in specimens obtained from well-sepa- 
rated species of a genus. 

So distinctive zoologically are these modified 
forms of hemoglobins that we had no difficulty 
in  recognizing that  the common white rat  is 
the albino of Mus norvegicus ( M u s  norvegicus 
albus Hatai) and not of M u s  rattus, as almost 
universally stated, and that Urside are related 
to  Phocidce (as suggested by Mivart 30 years 
ago), but not to  Canidz, as stated in modern 
worlis on zoology. Moreover, we were quick 
to detect errors in labeling, as, for instance, 
when a specimen marked as  coming from a 
species of Yapio was found to belong to  one 
of the Felidz. Generic forms of hemoglobin 
when obtained from well-separated genera are, 
in fact, so different in their molecular struc- 
tures that when any two are together in solu- 
tion they do not fuse to form a single kind of 
hemoglobin or a homogeneous solution, but 
continue as discrete disunited particles, so 
that  when crystallization occurs each crystal- 
lizes independently of the other and without 
modification other than that which is  depend- 

eiit upon such incidental conditions as are t o  
be taken into account ordinarily during crys- 
tallization. Thus, the hemoglobin of the dog 
crystallizes i11 rhombic prisms which have a 
diamond-shaped cross-section; that of the 
guinea-pig in tetrahedra; that of the squirrel 
in hexagonal plates; and that of the rat  in 
elongated six-sided plates. When any two of 
these liemoglobi1ls are together in solution and 
crystallization occurs, each appears in its o m  
form. Such phenomena indicate that  the 
structures of the hemoglobin molecules are 
quite different; i n  fact, more differentiated 
than the molecules of members of an isomor- 
plious group of simple carbonates, such as the 
carbonates of calcium and magnesium which 
when in separate solutions crystallize in 
rhombohedrons whose corresponding angles 
differ 2" 15', but which when in molecular 
union, as in the mineral dolomite, crystallize 
as a single substance which has an intermedi-. 
ate angle. 

Upon the basis of our data it is not going 
too far to assume that i t  has been satisfactorily 
demonstrated theoretically, inferentially and 
experimentally that a t  least this one substance 
(hemoglobin) may exist in an  inconceivable 
number of each form stereoisomeric f o r r n ~ , ~  
being peculiar to a t  least genus and specim 
and so decidedly differentiated as to render the 
"hemoglobin crystal test " more sensitive in 
the recognition of animals and animal rela-
tionships than the "zooprecipitin test." 

Subsequent to the research referred to in-
vestigations have been pursued in the study 
of hernoglobins from various additional sources, 
especially from representatives of Primates, 
with the result in the latter case of finding 
indubitable evidence of an ancestral a l l iano~ 
of man and the man-like apes. 

More or less elaborate studies by crystallog- 
raphic and other methods have also been made 
with other albuminous substances and with 
starches, glycogens, phyto~holeste~ins, chlo- 

2 Even if me assume that the different forme 
are not, strictly speaking, stereoisomers it must be 
admitted that hemoglobin exists in form8 that are 
specifically modified in relation to genera and 
species. 



ro~~l iv l sanrl othcr conlplex syntlictic products 
of animal and plant life. especially -with 
starches, of which over 300 specirnene r e r e  
examiae,i that  xere  obtained from different 
plant sources, includi l~g repreqcntatives of a 
considerable number of families, genera, spe- 
cics, varieties and hybrids. I n  all of thcse in- 
vestigations the resu!ts are not oiily i n  ful l  
accord with t h o ~ e  of the hemoglobin researches 
but  nlso in  some instances of broader signif- 
icance I>ecn:~se by better n~ethods of d i f fe r~n-
tiation i n  Gome cases it was found possible to  
recoqni~e not only peculiarities as regards 
genus or specieq, but also varieties and hy1)rids. 
and ecen to tracc. i n  hybrids with marlrod 
definitelies5 the transini,sion of parental char- 
acteris~ics. 

Pmmniilg u p  tlie results of these indepen- 
dent but inttr~vovcn researciies, we find tha t  
the nroclified f o r n ~ s  of eaclt of these substanc2s 
lerrtl tllcm.jelves to  a very definite sy>tem of 
classificatioxl, and t o  one that  is i n  genera! 
accord with that  of the botanist and zoologi.t, 
that  i;, each genus is characterized by a dis-
tinctive type of l~enloglobi~i,albumin, stqrcfl. 
etc., as the case may be, which may be desig- 
nated tlip generic-type; every species of the  
genus will have a 11t11~1ificatiollof this type, 
which is a species-type, or generic primary 
sub-tgp?; and e v w s  variety of a ppecies will 
hxvc a n~otlificatioa of the species-tme, that is 
a ~~ar ie ty - type ,  secondary sub-type, or 
or specie. sub-type. Tn fact, i t  scems cltlar 
tha t  wit11 rcvisioilq of present classifications 
that  are certain to come there mill be found 
definite family types ; and, moreover, tha t  
with iniproved methods of ditfe?entiation there 
ill be d i~corered  poaitirelv clistinctive scx-

asit1 inrIividna1-types9 This  last statement< 
alrcai!~ has support in  the results of collatrral 
lines of research n-!lich bear upon the  speei- 
ficitirs of enzynlei, anaphylaxis, precipitin re- 
actions, immune sera, etc. 

From the foregoing data i t  seems obvious 
$hat t he  co~?zplen: orgcznic substances zukich 
m n y  7)e assumed t o  c o n s f i f u i e  f h e  essential  
fundant ental  co nsfi l uen t s  o f  protoplasn~ and 
the  immediate comple.?: synthe t ic  products of 
protop:asmic uc t i z i t y  m a y  e z i s t  in exceedingly 
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nrlmerozL9 or even cou~zl less  stereoisornam'c 
forms, each form being p e c u l i a ~ l y  and speci- 
f i pa l l y  nloclified i ~ z  relation t o  genus ,  species, 
zlnr.irfzj, ruce, ses ,  indiv idual  or eaen part of 
a n  indiaidual.  

R. Protoplasm a Comple r  S tereoiso .~i~er ic  
S y s t e m  

The next logical step i n  onr investigation is 
lnanifestly the study of t h ~bearings of these 
stereoisomer,, as such and i n  their variable 
combiilsliions and associations, upon the struc- 
ture, proceqses alld products of protoplasm. 
J'r ~toplil-rn accciriliilg to the moclern develop- 
rnrntz of isiochc~ni.;trg- is to be regardpci as  
being in thc nature of an extremely complex, 
labile aggregatp 01proteins. fats, carbohydrates 
anti othcr s~tbitdnc(>s thtit are peculiarly asso-
ciated to  constitute a physico-chemical mechan- 
ism. The possible n u m b ~ r  of "phases" i n  
nrl>ich sucll a system can exist varies with the  
forms of tlie stereoisomericles and i n  general 
with the number and independent variability 
of the colnponents. I n  such a mechanism we 
conceive tha t  the number of variables is in- 
conceivabls grcat. From analogy we believe 
tha t  surll nlechanisms are  so extremely sensi- 
t i se  that  tlie properties and proces5er may be 
inodified by even so slight a change as the sub- 
stitution of one form of stereoisomeride for 
another of the same prototype. Wcre it prac-
ticabje to exnnline all of the most conlplex of 
the organic structural colnponents of proto-
plasm, it doubtless noulcl Ite found that  every 
one exists i n  a form that  is peculiar to  t h e  
individual and llis position i n  classification. 
Morco.ier, n*e must conceive that  the  com-
posleilts of protoplasm are as specific i n  rela- 
tion to the for111 of protoplasm as are  the 
peculiar forills of stereoisoniers. so tha t  dill'er- 
erit for l~rs  of p~'otop1as111 Rye characterized 
l~l~ysit~o-cl~eniicaIly(1) by thc pecuIiarities of 
the stereoison~eriJes, and (2) by the pecu-
liarities of the kinds. combinations, associa-
tions and arrangelnerlts of tlle components i n  
the three dimensions of space. 

I n  accordalice with the foregoing t h e  human 
organism rnay be regarded as being a highly 
organized co~nposite uf heterogeneous pliysico- 
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chemical systems that are composed of a vast 
number of parts, each such part representing 
a particular "phase " of the system and being 
physically, tncchanically, cheniically and fnnc- 
tionally an individual interacting unit of the 
aggregate. Hence, i t  follows that the sum or 
totality ol  these peculiarly modified stereo-
isomers per S P ,  and of their arrangements with 
the associated components, constitutes a 
" stereochemic system" that is peculiar to the 
cell; that the s i ~ m  of the cell-systems is pecu- 
liar to tlie tissue; that the sum of the tissue- 
systelns is peculiar to tlie organ; and that 
the snm of the organ-systems is peculiar to 
the inciividual. 

While the living organism had been for 
years recognized as being in the nature of an 
exceedingIy complex pliysico-chemical aggre-
gate of interacting independent and interde- 
pendent parts that constitute a single working 
unit, i t  has been in only recent years that the 
mechanisnls that  bring about cooperative activ- 
ities of the various parts has been made clear. 
The governing influences of the nervous sys-
tem were found inadequate even in the highest 
organisn~s, not to speak of forms of life in 
which such actions occur, but in which there 
is apparently a total absence of nervous 
matter. As an associat,e of tlie nervous system, 
and doublless f a r  antedating i t  in organic evo- 
lution, is a correlative mechanism of a chem- 
ical character that  is of the greatest impor- 
tance, and doubtless equally so throughout the 
whole range of living organisms from the 
lowest to tlle highest. Rvery living cell, whether 
i t  be in the form of a uiiicellular organism or 
a component of a malticellnlar organism, is 
undoubtedly in the natnre of a heterogeneous 
stcreocl~elnic,system, each of the component 
parts of tlie systern forming substances which 
may affect dircctly or indirectly the activities 
of the processes oP the other parts; likewise 
every cell oE a multicellular organism is not 
only ill itsclf a h~te~ogcneoussystem, but a 
part of a number of associated heterogeneous 
systcrns and which by virtue of certain of its 
products, with or without thc agency of the 
blood-rascular or lymph-vascular systems, may 
exercisc irtflaenccs upon other structures, 

livhicl~ s t ruc t~~res  inay have or seemingly not 
have either structural or physiological rela-
tionship. Thus we find that a secretin formed 
in the pyloric glands of the gastric mucosa 
mas  excite the glands of the cardia; that  
growth is determined by sonle product or 
products of the pituitary body tliat are carried 
to the various structures; that  the liver, pan- 
creas and intestinal glands are excited to  
secretory activity hy a peculiar substance 
formed in the duodenal and jejunal mucosz; 
that carbohyclrate nietabolism in the liver and 
nluscle is influenced to a profound degree by 
hormoncs that are formed in the pancreas; 
that lactation is determined essentially by 
suhitances derived from the corpus luteum, 
placeiita and involuting womb; that the peri- 
otls of ovulation and nlcnstruation an? in- 
hibited by secretins of the corpus luteum; that 
vitally important statcs of activity of the 
grnerative organs are directly associated with 
functions of the adrenal glands; and that  
nornlal development, especially of secondary 
rexual cllaracters, is irltinlately related to the 
ovaries and testic.les. To these extraordinary 
correlations might be added many others. 
Sonla of the bodily structures are in this way 
so definitely associated in their activities as 
to constitute cooperating or interacting. sys- 
tems, so that  the tisque products are comple- 
mentary, supplementary, synergistic or antag- 
onistic in their influences upon given 
structures. Such correlations must be, for 
perfectly obvious reasons, one of the mosB 
primitive forms of interprotoplasrnic corre-
lation, and we are justifieil, upon the basis of 
our l~resent knowledge, in the conclusion that 
each active part of a cell, each cell, each 
tissue and each organ contributes products 
which lnay affect the activities of f~xnctionally 
related or unrelated parts. ITence would 
follow the dictum that no2 o n l ~ j  i s  every part 
of a ever21 ~ ~ 7 1 ,  and everycell, e v r q  tissue 
orgtcn an individuulized stereochemic zcizit, bu t  
albo tliat i t s  opernlio17s, and hence the  nalure 
of i t s  pi-oduc~s, mus t  be subject directly or  
i~cclireclly to  t7ze influe17ce of  every other active 
prrri of the  organism. however different t h e  
s t iuct~rres  and funct ions  nzay be. 
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GI. T h e  Germplasm a Stereochemic Sys tem,  

that  is,  a Ph~sico-chemical  S y s f e ~ n .  that  i s  


Parf ic t~larixed71y t7~e Characters o f  i t s  

Stercoisomers and the  Arrange- 


ments  of  i i s  Co~nponen t s  in the  

Three  Dimensions of iYpace 


If during the progress of deveIopment there 
arise the multiple forms of differentiated pro- 
ecplasnl that  arc rcpreurnted in the nerve 
ecli., niuqcales, glallds, etc., which exhibit such 
diversiiy of form, func~tions, coinposition and 
products, cach part being corrclated to other 
parts by the agpucy of tissue products, i t  is 
logical to assnlne that in the clevelopn~ent of 
the ovaries and tcsticlcs these organs hare 
bcen so spccialiterl as to endow them with the 
attribute of producing a fornz of protoplasm 
that  embodies in a germinal state the funda- 
mental peculiar stereoisomcritles antl the pecu- 
liar ~ ~ r i ~ n g e m e n t s  or phases of the associated 
proteins, fats, cnrbohydratcs and other sub-
otances which inllercntly c1lar:lc~tcrize the 
organism; and, moreover, that  owing to the 
influences of the protlucts of activity of the 
various tissues oporr these organs. such changes 
in  the organisln as give rise to acquired char- 
acters rnay througlt the accions of modified 
or new tissue products or foivligr~ substancca 
affect the operations of these organs and thus 
alter the gcrmp1:lrm ant1 consequently become 
manjfeqted in some form in tbe offspring. The 
ovule in its incipiency is conceived to be com- 
pnrahle to  a complex unequiljbratetl solution 
in whi('1l changes go on until the attainment of 
f~111 development, a t  which time i t  is equili- 
brated and remains inactive because of the 
absence of some tlisturbing influence, but i n  
which energy-reactions may he initiated plzys- 
ically, niechanically or chemically, and proceed 
according to definite physico-chemical laws in 
definite ctireotionc, to a definite end. As, for 
instance, when a solution of boiled si,arch and 
diastase is a t  a temperature below the minimal 
of activity and the temperature is  raised, 
causing imlncdiate developmental activation; 
or  when the equilibrated molecules of nitro-
gle;lycrri~~earc explodctl by percussion; or when 
a n  erluilibrated maltose-clextrose-maltase solu-
t5on is rendered active by dilution with water. 

The nature o f  the  germplasm or transmis- 
sire matcrial that serves as the bridge of con-
tinuity between parents and offspring has been 
the su~b,jeet of speculation from time immemo- 
rial. Such hypotheses and theorics as have 
bcen advanced have had reference almost 
wholly to it$ physical constitution or ulti-
mate nrorphological structure. Nost of them 
are micromeric, that is, they hold that  the 
~,ermplas~n infinitc number of is made up of 
cliscrete ~iltramicroscopic particles wllich are 
cndo~vcdwith both determinate structural and 
vital attributes. A considerablc drgren of in- 
genuity has been displayed in their formula- 
tion. Thus. we have the "organic molecules " 
of Buffon, the " n~icrozylncs" of Bitchamp, the, 
'' life units " of Spenccr, tlie "plasticXules " of 
Xuggi, the '' biopla~ts" of Bltinann, the 
" stirp:, " of G;~lton, the "gernmules " of Dar- 
win, the " biophors " of Weismann, the 
('pasigclls " of DeVries, etc., each author 
attributing to the units certain inherent pecu- 
liarities. 'Po tile foregoing nliqht be added 
particulnrly the conceptions that  belong to the 
cl~enlical c*nt~~gory, " ofsrnch as the chcmism" 
LeDantcc arld the '' physico-t~hcrniral" theory 
of Delagc. Some of tl~cse conceptions we so 
fanciful in the I i ~ h t  of modern science as to 
he unwortlly of snore than passing considera- 
tion, while none of tbrm has led anywhere be-
yond the field of sperulation and reasoning. 
Even the vcrg rcccnt and extremely intcrest- 
ing and important adtiitions to  our knowledge 
of the histological phenomena of the develop- 
ing ovunl, especially of the c).lrumosornes, have 
not take11 us appreciably ne:irer the ultimate 
constitution or rr~eclranism of the germplasm, 
or even to the nature of the reactions wllich 
occur ininledlately antecedent to and cause 
the formation of the chl.omosomes. 

A theory to be ideal must not only have as 
its basis well-detined principfcs that are con- 
sistent with facts, but also be capable of snb- 
stantiation by laboratory investigation. Given 
as the basis of scientific study a gcrmplasm 
that has inherently the power of development; 
that is in the form of a stereochemic system 
that  is peculiar to the organism; that  is highly 
impressionable to stimuli; and that has the 
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n~arked plasticity that is inherent to organic 
colloidal matter, we have all the postulates 
that are needed as a foundation upon which, 
according to the laws of physical chemistry, 
can be built a logical explanation of the essen- 
tial fundamental elements of the mechanism 
of heredity. 

The inherent pote~ztiality that determines 
the development of the egg along a line of 
definite sequential processes must be recog-
nized as being common to both animate and 
inanimate matter and subject to the same 
laws, so that the phenomena of living and dead 
niatter are inseparably linked and reciprocally 
explanatory. The typical condition of matter 
of definite composition is crystalline, and the 
crystalline form is the result of development 
that beclomes manifested in a separation and 
orderly and progressive arrangements of com-
ponents in the three dimensions of space. 
IIaving a homogeneous solution of various 
selected crystalline substances of appropriate 
cliemical composition and constitution, and 
given conditions attendant to crystallization, 
the successive stages of crystalline development 
will proceed along fixed and defirqitely recog- 
nized lines, and the interactions and inter-
action-relationships between the various sub- 
stances constituting the physico-chemical 
niechanism become obvious to a greater or 
less extent in the peculiarities of form, com-
position and other properties of the crystals. 
Having in the germplasm an analogous 
physico-chemical system, but one which is 
markedly different especially because of its 
organic and colloidal character and infinitely 
greater molecular complexity and sensitivity, 
the phenoniena of development likewise pro- 
ceed in conformity with the same laws along 
definite lines, but they are for perfectly mani- 
fest reasona more complex and varied, more 
difficult of analysis, and necessarily in many 
very important respects quite different. Each 
step in this orderly development leads not 
merely to changes of the physico-chemical 
mechanism by the modification, rearrangement, 
or splitting off of component parts, but also to 
alterations which automatically determine the 
characters of the next succeeding step, and so 

on to the establishment of physico-chemical 
equilibrium and the consequent termination 
of the reactions. 

I n  living matter the chemical processes are 
dependent to a preeminent degree upon 
enzymes that are formed by the different 
kinds of protoplasm to serve as implements 
to carry out operations that  are essential 
to ,their existence, and such enzymes are 
modifiable in quantity and quality i n  ac-
cordance with changes i n  internal and ex-
ternal conditions. The nature of both reac-
tions and products of enzymic action depends 
upon the constitution and composition of the 
physico-chemical mechanism of which the 
enzyme is an integral part. Whether or not 
at  each step of serial reactions a portion of 
preexisting enzyme is merely modified or a 
new enzyme is formed which constitutes an 
essential part of the particular phase of the 
reactions is not known, but that one or the 
other occurs is apparently without question. 
I t  has long been established that some of the 
lower organisms, such as the yeast plant;, have 
the property of modifying the characters of 
the enzymes produced in relation to varying 
conditions; recent studies of the animal organ- 
ism show that the same phenomenon occurs 
ia both tissues and blood; and our knowledge 
of the processes concerned in the catabolism 
and anabolism of complex substances, such as 
starch, is fully in support of such a conception. 
I n  other words, as each step of development is 
reached the alterations which occur in the 
physico-chemical mechanism absolutely auto-
matically predetermine the characters of the 
changes of the next succeeding step, and so on 
to the end. I-Ience i t  follows that the pecu- 
liarities of any given physico-chemical mechan- 
ism predetermine the characters of the phe- 
nomena which ensue under given conditions. 

An illustration of the probable modus 
operandi of such a mechanism is found in the 
phenomena of the synthesis and analysis of 
starch: During the production of starch 
through the agency of the chloroplast or 
leucoplast we conceive that there are insti-
tuted a predetermined, orderly, independent 
and interdependent series of reactions, the fir& 



of which is manifested in an interaction between 
water and carbon dioxide through the agency 
of an enzyme in the form of an oxidase to form 
formaldehyde. During this process there is 
formed another enzyme, which tentatively may 
be designated an aldehydase, that reacts with 
formaldehyde and by polymerization and con- 
densation of six molecules gives rise to a 
simple sugar, such as dextrose. At the same 
time another enzyme appears in the form of 
maltase, mhich, reacting with the dextrose 
causes the formation of maltose, during which 
reaction another enzyme, a destrinase, is pro- 
duced which reacte with the maltose to yield 
dextrin. Going on with this reaction, another 
enzyme which mag be designated an amylase 
appears, which, reacting with the dextrin, forms 
soluble starch. During this stage there arises 
another enzyme, a coagulase, which converts 
the starch from the soluble to the insoluble 
form or ordinary starch. At this stage the 
series of reactions have reached their end be- 
cause a state of physico-chemical equilibrium 
has become established, the ultimate purpose 
of the processes being attained; that is a 
form of pabulum of extremely high nutritive 
value and of extremely low molecular pres-
sure, even in soluble form, so that i t  may 
entirely and rapidly disappear without dis-
turbance of physico-chemical equilibrium in 
the starch-bearing cells. The mechanism con-
cerned in starch-formation is without doubt 
paralleled in the synthesis of proteins, fats and 
other complex organic substances, and i t  is 
but a step from the individual serial processes 
concerned in the formation of each of these 
substances to associated processes whereby 
there are formed and combined the various 
substances that constitute the organic struc- 
tural components of protoplasm. Moreover, 
such serial processes are reversible at  any stage, 
and so simple a nlodification as a change in  the 
per cent, of water mag, as in the maltose-
dextrose-glucase reaction, cause a synthetic 
change. 

I92 uitr.o in both synthetic and analytic 
processes like those which constitute serial 
steps in the building up and breaking down 
of starch, protein, fat  and other complex 
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organic substances there does not occur in any 
reaction, as far  as known, either a trans-
formation or a production of enzyme such an 
occurs i n  vivo, hence, when a single enzyme 
is present i t  carries out but one step of the 
reactions, but when, as in the case of diastases 
as ordinarily prepared, the enzyme is not a 
single substance or unit body but a composite 
of a number of enzymes or modifications of 
a given basic enzyme, serial steps may occur 
as in vivo. Thus, if only a single enzyme be 
present formaldehyde may be converted into 
a monosaccharose, or a monosaccharose into a 
dieaccharose, or a disaccharose into a poly-
saccharose such as dextrin, or dextrin into a 
higher form of polysaccharose such as soluble 
starch, according to the enzyme or modified 
enzyme and initial substance present; or the 
reverse of any one of these processes may occur 
if proper conditions are present, but never do 
an r  two successive progressive or regressive 
steps occur unless through the agency of two 
different or modified folms of enzymes which 
are present. 

I t  will thus be apparent that the first step 
of synthesis is determined by the character of 
the initial physico-chemical mechanism and 
that all subsequent reactions under given con- 
ditions are definitely predetermined; in other 
words, the entire train of reactions depends 
inherently upon the nature of the initial 
physico-chemical mechanism of which the 
enzyme that starts the serial changes is an  
integral part. 

Having a specific stereochemic system, such 
a system in accordance with the laws of 
physical-chemistry can exist in either a 1aten.t 
or active state, and that when in an active 
state the reaction or reactions are always in 
the direction of the establishtnent of equili-
brium of solution, every reaction or series of 
reactions being as definitely predetermined as 
is every reaction familiar to the inorganic 
chemist. The germplasm in the form in mhich 
i t  is secreted may be regarded as being in the 
nature of an exceedingly complex stereochemic 
system ~vhich is from its incipiency, or very 
soon is in a state of physico-chemical un-
equilibrium, and in which, as a consequence, 



reactions are set up which are manifested espe- 
cially in histological developments that ulti- 
~riately characterize the fally developed ovule, 
at which time a state of physico-chemical 
equilibrium is established, as is evident by the 
arrested tlevelopmental activities. This state 
of physico-chemical equilibrium of the ma-
tured ovule may be instantly changed to one 
leading to serial definitely predetermined re-
actions by means of an activating substance or 
condition, such as certain ions or inorganic 
salts, a spermatozoon, or a needle prick, by 
initiating the first step of the reactions, the 
nature of the succeeding reactions being pre- 
detertnined primarily by the inherent nature 
of the physico-chemical system and secondarily 
by the factor that activates it. I n  other 
words, from this initial stereochemic system 
there arises a complex heterogeneous system 
that ultimately is morpllologically expressed 
in the histology of the matured ovule and 
from which are formed a composite of cor-
related, independent, interdependent and differ- 
entiated masses which represent different 
phases of the components of the initial system 
~vhicll have heen modified not only physico- 
cliemically as expressed by changes in phys- 
ical, mechanical and chemical properties, but 
also in clevelopmental energies; and from this 
composite are developed successively other 
systems. 

Owing to the great inzpressionability and 
plasfici ty of such an exceedingly complex 
~ltereochemic system as the germplasm, i t  fol- 
lows that the germplasm must be extremely 
sensitive to changes in internal and external 
conditions, and that its operations and prod- 
ucts may be so materially modified by clianges 
in its molecular arrangements or components 
as to give rise to variables that are manifested 
in the trilnsm~xtability of sex, variations, 
fluctuations, mutations, deformities, retrogres- 
sions, tumor formation, immunities, etc. 

Assunling in accordance with our concep-
tion that the germplasin is in its incipiency 
an unequilibrated stcreochemic system that 
is characteristic of the inherent, fundamental 
stereochemic system of the parent, i t  follows, 
ns a corollary that, having a highly special- 

ized form of parental striictural material with 
peculiar energy-properties, the offspring must 
of necessity possess essentially the same funda- 
mental characteristics as the parents when 
normal fecundation has occurred, and that it 
would be quite as impossible to have any other 
rcsult than in ordinary chemical reactions 
under given conditions of experiment. The 
essential characters of the building material 
as regards substances, arrangements and 
energy-properties arc definitely fixed within 
uarrow limits of variation. 

That the peculiar forms of stereoisonleritles 
or intimately related bodies that are inherent 
in tlie parent are conveyed in the germplasm 
to the offspring, and hence of necessity serve 
to dist ing~~isha given form of germplasm 
from that of any other species or genus, and 
that the stereochemic conception of the nature 
of the ge~.mplasm is capable of laboratory 
demonstration, are instanced in tlie results of 
the investigations of ICossell and his students 
who found that simple forms of protein, known 
as protamins, obtained from the spern~atozoa 
of different species of fish are different, each 
being apparently of a form peculiar to the 
source. IIere is one substance at  least that 
sec3ms to be in specific stereoisomeric forms in  
thc bperm of different species, which obviously 
must affect the properties of the germplasm, 
and which whcn brought in contact with the 
germplasm of the egg play its part i n  deter- 
mining the phenomena of development. More-
over, by the "precipitin reaction " method 
nlakeslee and Gortner have folmd evidence 
that is consistent with the conclusion that 
there are not only " species proteins " but also 
"sex proteins," and this receives support in a 
number of very recent investigations, espe-
cially those of Steinach, who found that the 
corresponding hormones secreted by the ovaries 
ant1 testicles are different, and that by virtue 
of these differences the secondary s e x ~ ~ a l  char-
acters, female and male, are determined. Thus 
he found in castrated young males, in which 
transplantation of ovaries had been practised, 
that the development of masculine pecnliar- 
itic.; is inhibited and female traits substituted, 
so that the individuals tend to assume the 
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female type and become to a striking degree 
feminized-males, as shown in bodily form, in  
a development of the mammary glands, in lac- 
tation, and in an  alteration of psycho-sexual 
characters. Furthermore, Eiddle has found 
that the ova of the pigeon are dimorphic, one 
males and the other half females; that the 
eggs having the malc tendency have a higher 
per cent. of water, a smaller size, and a lower 
half having an inherent tendency to produce 
males and the other half females; that the 
egqs having tlie male tendency have a higher 
per cent. of water, a smaller size, arid a lower 
per cent. of potential energy; and that the 
" sex-foundation " of the germplasm is trans. 
mutable, so that  an egg that has inherently 
the male tenclency may become female, and 
that such females exhibit secondary male 
sexual characters. The transmutability of the 
germplasm is comparable in its physico-
chemical mechanism to the reversion of the 
maltose-dextrose-maltase reaction that is 
caused by a change in  concentration of the 
solution, the dextrose being revcrted into iso- 
maltose and not to the antecedent rnaltose- 
the male egg  is not changed into a female egg, 
but into a modified or feminized-male egg. 

I n  consirlering the transmissibility of par-
ental substances it is essential to distinguish 
positively between the stereoisomerides and 
intimately related bodies that are inherent 
i n  the parent and those which are acquired 
through iafcction or otllerwise. Thus anti- 
bodies that are acquired by the mother may 
be without influence upon the ovary during 
the formation of the gernlplasm and not even 
become a constituent of the latter. On the 
other hand, an immunity may he established 
i n  the mother that  may be conveyed to the 
offspring, yet, curiously enough, sue11 a n  imrnu-
nity may not be tra,nsinitt~d by the immunized 
male. In processes of the production of the 
germplasm the ovary may he as insensitive to 
the presence of many acquired substances of 
the blood as arc some or all other organs, and 
there is no more reason in general for expect- 
ing the ovary and its product to be affected by 
such bodies or conditions than there is for the 
pancreas and the pancreatic juice or any other 
secretory strncture and its product to be 

affected. Every acquired substance must; i n  i t s  
relations to the ovaries be governed by the 
sanie physico-chernical laws as determine spe- 
cific sclectivitics or reactivities in  coilneetion 
with the tissues generally. Hence, any such 
substarice may be reactive in relation to one 
stn~ctnre,  bnt not to another. 

Plusiicity as regards sex-determination has 
been demonstrated in the studies of the devel- 
opment of a male (drone) bce from the un- 
fertilized egg, and of a female from the fertil- 
ized egg. Moreover, the developing female 
bee when fed on ordinary food becomes a com- 
mon female "worlrer," but whet1 fed on royal 
food develops into a queen. 

The continuity of t h e  hui ld i~zg m,nterial 
between parent and oflspring is seen in  its 
simplest manifestations in reproduction among 
protozoa by binary fission and budding, by 
which tlle part separated from the parent mass 
is in all essential respects like the parent, 
having the same furldnmontal physico-chemical[ 
composition and constitution. That in  such 
instances the offspring should be a segmental 
counterpart of the parent niass seems as ob- 
vious as that halves of a cube of sugar should 
be alike. Similarly, if we have in the ovule 
and sperm forms of protoplasm which as stereo- 
chemic systems are in all fulldamcntal respects 
co~uiterparts of those from which the parents 
were developed, it follows that the offspring 
must undcr normal conditions in accordance 
with the laws of physical chemistry have the 
same fundamental parental cl~aracteristics, as 
much so as separated portions of any complcx 
stereochemic system must possess the prop- 
erties of the init,ial mass. Moreover, if the 
stcreochemic systems of gernrplasnls of the 
female and male differ, as must be admitted, it 
is manifest tllat the stereochemic system of the 
egg that has been activated artificially OP 

naturally, as the case may be, niust be differ-
ent, ancl hence undergo development differ-
ences that \rill be olmions in the offspring. I n  
the first instance, the serial reactions which 
lead to the formation of the different tissi~es, 
etc., are activated b s  a mere disturbance of 
physico-elieniical equilibriunl, which may be 
due to  the conversion of a proenzyme into 
enzyme or a prosecretin to a secretin, or i n  
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other words of an inactive body into an active 
one. I n  the second instance, there is not only 
activation, but the extremely important addi- 
tion of the male stereochemic system wl~ich by 
admixture with the female system constitutes 
a female-male system. Therefore, in the first 
place the offspring is developed solely from the 
female stereochemic system, and in the second 
place from the combined female and male sys- 
tems, one or the other of which inay be wholly 
or in  part dominant in determining certain 
peculiarities in tlze developmental changes. 
Moreover, owing to the transmutability of 
stereoisomericles and tlie multiphase transmu- 
tability of stereochemic systems, couplcd with 
the reversibility of metabolic processes which 
may be due to even the simplest of changes in  
pllysico-chemical nlechanisms, we have a log- 
ical basis for the explanation of the phenomena 
of sexual dimorphism that is expressed in the 
so-called male and female ova, and male and 
female spermatozoa; of primary and second- 
ary hermaphroditism; of paradoxical sex 
developments where the unfertilized egg 
develops into either male or female offspring; 
and of sexual transmutability of the inherently 
male or female ovule. 

It follows upon the basis of our theory that 
because of the inherent peculiarities of the 
stereochemic systems of the germplasms and 
the definitely predetermined nature of the 
entire series of reactions in accordance with 
the laws of physical chemistry that "like be- 
gets lilrc" because like every other physico- 
chemical phenomenon, individual or serial, 
under given conditions, i t  is a ph~sico-chemicaZ 
jatali fy.  EDW-~RD REICHERTTYSON 
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TIiE CONTENT AND STRUCTURE OF T E B  
ATOM1 

THISlecture has presented to you a vision 
of the recent struggle toward a better knowl- 
edge of the atom. Both experimental results 
and theory have been briefly discussed. You 
can readily place confidence in the former, 

1 The closing portioli of the address of the re-
tiring President of tho Iowa Chapter of Sigma 
Xi. ddioered on October 14th. 

but in  the realm ol theory you are unable b 
distinguish truth from error. I have brought 
to you, tlien, not the satislaction which one 
enjoys in believing he hears the final truth, 
but rather the discontent with which the 
scholar views the limitations of lrnowledge in  
his field. Such discontent gives birth to zed-
ous endeavor to learn new truth and is thus 
the precursor of that research in science which 
our society is organized to encourage. An tit-

tempt to think in sub-atomic terms very 
quickly makes one conscious of the limit&- 
tions of our knowledge. But I wish to em-
phasize that such limitations occur in all sci- 
ences and, indeed, at  any point that a scholar 
chooses to make his special study. These lim- 
itations are not usually easy to extend, es* 
cially in the older sciences. And just such 
difficulties furnish the challenge of scholar-
ship in science to the young men and young 
women of ability. 

There is, however, no need to offer cxplana- 
tions to those who are dissatisfied with a dia- 
cussion in  which truth and error can not be 
separated. The unscientific mind possesses 
but two compartments, one for truth and one 
for error, and sucll a mind has no conipart-
ment in which to place a discussion of the na-
ture and structure of an atom. The scientist, 
however, recognizes no such compartments, 
for absolute truth and absolute error are un- 
known to him. After weighing the evidence 
furnished, his decisions consist only in sa-
lccting the degree of his confidence that is 
merited by that evidence. 

IXaving given you a bird's-eye view of the 
evidence, i t  may now be appropriate to pre- 
sent a brief rGsum6 in perspective of the 
great achievements in science which have bmrm 
the subject of this lecture. We can now re- 
gard the existence of the sub-atomic electron 
with as much confidence as that given any 
other experimental fact in physics. There is 
yet a question as to whether or not the elec- 
tron actually is our smallest unit of negative 
electricity, but the affirmative evidence is 
much tlie greater. The mass of the electron 
can be called " apparent," with the restriction 
that we know this to be true only to the de-


