
highly advantageous. Dr. Ross, who will devote him- 
self to these optical problems during the coming year, 
also believes that a lens can be designed, for use in 
the converging beam, which will serve when desired 
to give a much larger field, also with a short equiva- 
lent focal length. It is planned to use a Cassegrain- 
ian combination with a ratio of F: 10, having a sharp 
field 30' (17 inches) in diameter, for spectrographic 
and other work. A coud6 arrangement similar to that 
of the 100-inch Hooker telescope, permitting the 
images of celestial objects to be formed in a constant 
temperature laboratory, for study with large fixed 
spectrographs, radiometers or other auxiliary instru- 
ments, is also projected. 

Dr. Pease has devoted considerable time to a study 
of the telescope mounting;which has been facilitated 
by his previous work in designing large instruments. 
Much additional study will be necessary, however, 
before even a preliminary design can be adopted, be- 
cause of recent advances accomplished by telescope 
builders in this country and abroad. It is our hope 
that an equatorial design of the fork type, of suffi- 
cient rigidity to carry a 40-foot interferometer and 
meet other severe requirements, will soon be worked 

,out. I n  this task we have been promised the coopera- 
tion. of many leading engineers, including Mr. Gano 
Dunn, Mr. Ambrose Swasey and his associates of the 
Warner and Swasey Company, and others of wide 
experience. 

The extensive investigation of auxiliary instruments 
that forms a prime feature of the general scheme has 
been begun and will soon be developed in various 
directions. Mr. George Eastrnan and Dr. C. E. K. 
Mees have generously agreed to deal with many of 
the special photographic problems a t  the research 
laboratory of the Eastman Kodak Company. A Zeiss 
recording microphotometer has been ordered and will 
be used in a comparative study of various forms of 
this instrument. Dr. Sinclair Smith will attempt to 
develop and improve the radiometer recently used very 
successfully by Dr. Abbot with the Hooker telescope 
in measuring the distribution of energy in the spectra 
of stars of several types, and work on other auxiliary 
instruments will soon be commenced. 

A comparative study of several possible high-alti- 
tude sites has been undertalcen. Precise measures of 
the seeing, rather than estimates, $re desirable. Dr. 
Anderson accordingly devised a simple means of 
measuring the atmospheric oscillations of star images 
under a power of 600 with a 4- or 5-inch telescope, 
and Mr. Ellerman has tested it satisfactorily on Mount 
Wilson in comparison with the estimates of experi- 
enced observers with the 60-inch and 100-inch tele- 
scopes. Preliminary observations with this method 

by Messrs. Ellerman and Humason have been made a t  
Palomar Mountain and "Horse Flats" (north of 
Mount Wilson), and some tests made by Dr. Abbot 
and Mr. Moore at Table Mountain show that this site, 
like the others, deserves careful examination. Dr. 
Hubble, with the kind cooperation of the authorities 
of the Grand Canyon National Park, is engaged in 
the investigation of conditions near the Grand Can- 
yon and at other points on the high plateau area of 
Central and Northern Arizona. I n  this work he is. 
having the cordial assistance of Dr. Slipher and the 
members of the staff of the Lowell Observatory. All 
this work will be facilitated by the loan of three sets 
of recording meteorological instruments by Dr. 
Charles G. Marvin, chief of the U. S. Weather Bureau, 
who has also kindly supplied us with many meteor- 
ological data for various sites in California and 
Arizona. 

The policy of the observatory council, in all phases 
of this undertaking, is to bring into cooperation the 
most competent authorities in their respective fields. 
I n  the operation of the telescope the same policy will 
be maintained which has been followed in the past 
a t  the California Institute and the Mount Wilson 
Observatory of inviting eminent authorities in astro- 
nomical and astrophysical research to use the instru- 
ment in connection with their investigations. It is 
hoped that in this way the astrophysical observatory 
will also become an international center for research. 
The willingness of so many leading men of science to  
lend their assistance and the fact that all decisions 
have been unanimous give promise of such results as 
the broad-minded attitude of the International Edu- 
cation Board most certainly deserves. 

T H E  CHEMICAL CONSTITUTION O F  

RESPIRATION FERMENT1 


I 

FERMENTSare substances which effect chemical 

reaction in living matter. It is one of their proper- 
ties that they occur in living, matter in extremely 
small concentration. It has not been possible thus 
far  to measure the amount of a ferment present any- 
where. I t  is also one of their properties that they 
are unstable. In  all attempts to isolate the ferments 
they are usually destroyed, and we have not yet suc- 
ceeded in the preparation of a pure ferment. Be-
cause of this it is not known how the ferments are 
chemically constituted, and hence it is not understood 
how chemical reactions occur in living matter. 

1 Address before the Kaiser Wilhelm Gesellsohaft om 
February 22, 1928. Published in Die Naturwissm-
sohaftem, Vol. 16, p. 345, May 18, 1928. Translated by 
Dr. W. A. Perlzweig, the Johns Hopkins Hospital. 



438 SCIENCE [VOL.LXVIII, NO. 1767 

The ferment which I shall discuss is the respiration 
ferment, of which it has been said that it rules the 
organic world, for  in everything that happens in 
living matter respiration furnishes the driving force. 
Chemically speaking, respiration is an oxidation by 
the oxygen of the air, and hence the respiration 
ferment is a substance which takes up the atmos-
pheric oxygen and transfers it to the organic sub- 
stances. This ferment is, as we have found, in its 
chemical constitution related to the red pigment of 
the blood, hemoglobin. I shall at first describe the 
significant properties of the red blood pigment and 
of its related substances and will also show that these 
properties are as well the properties of the respira- 
tion ferment. 

Hemoglobin, the red blood pigment, consists of a 
colorless component, the basic protein globin, and of 
a colored component, hemin. These components can 
be separated. When, however, they are brought 
together under certain conditions they unite, as 
Robert Hill, of Cambridge, has recently shown, to 
form hemoglobin again. I n  this reaction the globin 
can be replaced by other and simpler bases, for 
example, by pyridin or nicotin. Then instead of the 
hemoglobin we obtain hemopyridin or hemonicotin. 
These compounds, of which many can be prepared, 
are indeed different in their chemical properties, but 
their specific and biologically important reactions are 
similar, and all of them depend upon the hemin, 
which therefore must be regarded as the reactive 
nucleus of the hemin compounds. 

h em in-was discovered in 1853 by Teichmann by 
the acid hydrolysis of hemoglobin and obtained in a 
crystalline form. Hemin is a complex iron compound, 
more exactly a tetrapyrrole iron compound, in which 
the iron is bound to the pyrrole nitrogen. I t s  strue- 
ture is relatively simple, and its molecular weight is 
650. I ts  constitution has been worked out by Nencki, 
Kiister, Willstitter and Hans Fischer. 

Just as hemin is the reactive nucleus of hemin 
compounds, so is iron the reactive nucleus of hemin. 
The specific and biologically important reactions of 
hemin are reactions of complex iron compounds. 

I1 
Of all the hemin compounds the one most clearly 

worked out is hemoglobin. The iron of hemoglobin 
reacts in a reversible manner with molecular oxygen 
according to the equation 

in which one atom of iron- combines with one molecule 
of oxygen. 

It is on this reaction that the function of the hemo- 
globin in the body is based. I n  the capillaries of the 

lungs hemoglobin takes up  oxygen, transports it via 
the blood stream throughout the body and gives it u p  
by dissociation in the capillaries of the tissues in 
which the oxygen pressure is lower. The oxygen 
then diffuses through the capillary walls into the 
tissue cells, where it is utilized for ,respiration. Thus 
hemoglobin is a transport agency for  oxygen, and 
not a catalyzer or a ferment. It does not transfer 
oxygen to organic molecules, but it merely transports 
the oxygen from one place in the body to another 
place. A catalytic action of hemoglobin would even 
be a t  variance with its physiologic function. For it 
only delivers to the tissues the oxygen which it has 
taken up in the lungs, but does not utilize it on its 
way in any chemical reaction. 

I11 
The iron of the hemoglobin reacts not only with 

oxygen but also carbon monoxide, reversibly, accord- 
ing to the equation 

Hb + cX)+HbCO ( 2 )  

in which 0Iz.e atom of iron takes up  one molecule 
of CO. 

If oxygen and CO are permitted to react simul-
taneously with hemoglobin, then the two gases com: 
pete for the iron atom and according to the partial 
pressures the CO suppresses the oxygen or vice versa: 

HbO, tCO Ft HbCO t 0, ( 3 )  

Finally, equilibrium is  obtained in the following 
manner : 

which means that the distribution of hemoglobin 
between oxygen and CO is completely determined by 

the ratio E,ie., the ratio of the partial pressures 
Oa 

of the two gases. It is on the replacement of oxygen 
by carbon monoxide as in equation (3) that the 
poisonous effect of carbon monoxide depends. When 
the pressure of CO in the respired air is overwhelm- 
ingly great the carbon monoxide replaces the oxygen 
on the hemoglobin. It is then that the hemoglobin 
can no longer transport any oxygen, and the tissues 
of the body are asphyxiated. 

CO-hemoglobin has the remarkable property, dis- 
covered in 1897 by John Haldane, that it is split into 
CO and hemoglobin upon being exposed to light.2 

2 The first pbserration concerning the sensitivity to 
light of an iron-carbonyl compound was made by L. 
Mond a d  C?. Langer (Jw.Chem. Soo., 59, 1090, 1891). 
They found that Fe(CO), splits oft' CO on exposure to 
light. 
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On the other hand, oxyhemoglobin is quite stable 
in light. Hence the distribution of hemoglobin be- 
tween CO and 0, is altered on exposure to light. If 
hemoglobin is brought into equilibrium with CO and 
0, in the dark and is subsequently exposed to light 
the CO compound diminishes in concentration and 
the 0, compound increases until a new stationary 
equilibrium is reached, which depends upon the 
intensity of the illumination. 

In  principle the free reduced hemin and the com- 
pounds of hemin with other bases behave like hemo- 
globin, only the velocity of the reaction and the 
affinity of the iron atom towards 0, and CO are 
altered. This explains the fact that one hemin com-
pound is capable of catalytic action, as the hemonico- 
tin, while another hemin compound, as hemoglobin, 
has no such capacity. 

TTT
L 7 

predominates in the of the higher 
animals. Other hemin compounds occur, as discov-
ered by MacMunn in 1886, in cells and indeed not 

in the of carrying but 
also in all cells. Keilin demonstrated in 1925 the 
presence of cell hemins in plants, bacteria and yeasts. 
I n  the course of evolution hemin must have appeared 
in -nature earlier than hemoglobin, as MacMunn had 
already surmised. 

The work of MacMunn was neglected and partly 
doubted, and it was only recently that Hans Fischer 
and Keilin brought it the credit that it deserves. 
Hans Fischer isolated porphyrin, i.e., hemin minus 
the iron, from yeast and showed that yeast can syn- 
thesize hemin from porphyrin and iron. Keilin con- 
firmed and extended the discovery- of MacMunn in 
an excellent spectroscopic investigation and called the 
cellular hemin cytochrome. 

Such are the fundamental facts of the chemistry 
and physiology of hemin compounds, of which we 
shall make use in the following discussion. I repeat 
them : The universal distribution of hemin in nature; 
the reversible reaction of its iron atom with oxygen; 
reversible reaction of its iron atom with CO; the 
distribution between 0, and CO according to the equa- 
tion of distribution, and finally the sensitivity to light 
of the CO compound. 

Since Claude Bernard discovered in the middle of 
the preceding century oarboxy-hemoglobin it has been 
believed that CO combines in the organism exclu-
sively with hemoglobin and not with cellular sub-
stances. Particularly illuminating was an investiga- 
tion of Haldane in 1895. When he placed mice in 
air containing CO, the CO displaced the oxygen in 

the hemoglobin, and the mice died for lack of oxygen. 
But when he raised the oxygen pressure to two atmos- 
pheres, then the total hemoglobin remained indeed 
combined with the CO, but the oxygen which was in 
a state of physical solution in the blood increased ten- 
fold. In  this case the mice did not die, because the 
physically dissolved oxygen sufficed to supply the 
tissues. 

This experiment indicates clearly that the CO even 
at pressures a t  which it does not affect the respiration 
of the cells still combines with the hemoglobin, but 
i t  does not indicate that the respiration ferment is 
incapable of reacting with CO at  amy CO pressure. 

In  fact it  developed that in this case only quanti- 
tative differences are involved. If the pressure of CO 
is permitted to rise fo about one atmosphere then the 
respiration ferment combines with the CO. I n  this 
case the respiration of the cells ceases because the 
CO compound of the ferment can not transfer cata- 
lytically any oxygen. The catalytically active iron 
atom of the respiration ferment is blocked, as it were, 
by the carbon monoxide. If the CO pressure is 
permitted again to drop, normal respiration reap-

pears. The respiration ferment (Fe) therefore 
reacts, just as the hemoglobin, reversibly with carbon 
monoxide : 

Fe t CO # FeCO (5) 

We have discovered this reaction in our investiga- 
tions on yeast and later we recognized it as a general 
cellular reaction. 
I£ the CO pressure is kept constant and the 0, 

pressure is permitted to rise then the effect of the 
CO upon the respiration decreases, to disappear com- 
pletely a t  very high oxygen pressures. It is possible, 
therefore, to suppress the effect of CO upon the res- 
piration ferment by means of oxygen. 

From our measurements of respiration at various 
CO and 0, pressures we deduced the law according 
to which the distribution of the respiration ferment 
between CO and 0, occurs. We found that 

FeO, CO 
Fe(C*O), Xz 

is constant. Hence the respiration ferment is subject 
to the same distribution equation as hemoglobin. 
Only the numerical values of the constants are dif- 
ferent, the constant for the hemoglobin equation being 
0.01, the constant for the ferment equation about 10. 

Furthermore : If th,e respiration of the cells is 
inhibited in the dark by means of CO, the cells being 
then exposed to light, the inhibition of the respiration 
diminishes a t  once and disappears completely on 
excessively intense illumination. Thus we see that 
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light displaces the distribution of the respiration 
ferment between CO and 0, in favor of the oxygen, 
exactly in the same manner in which light effects the 
distribution of hemoglobin between the two gases. 
Also in this case the differences between the hemo- 
globin and the respiration ferment are only quantita- 
tive. In  order to effect photochemically the distri- 
bution of hemoglobin very great intensity is required; 
on the other hand, the intensity of light required to 
effect the distribution of the respiration ferment is 
one ten thousandth of the intensity of sunlight. 

1 0 0  --
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1. 	 Effect of carbon monoxide upon the respiration 
of living cells (dark and light). 

The course of an experiment with respiring cells 
is graphically shown in Fig. 1. The abscissas show 
the time t, and the ordinates the amounts of oxygen 
respired. The slope of the line against the abscissa 
represents the rate of respiration. The experiment 
began in the dark, and exposure to light began after 
twenty minutes. After another twenty-minute period 
it was placed in the dark again, etc. The lower line 
shows the behavior in carbon monoxide: at each 
ohange from light to darkness and vice versa there is 
seen a sudden bend; and also it is  seen that the 
respiration is less in the dark and greater in light. 
The upper line shows the relation of respiration 
under exactly the same conditions but without carbon 
monoxide. This line does not show any effect of 
illumination. 

Summarizing, we have found that the respiration 
ferment has three characteristic properties of hemo- 
globin: It reacts reversibly with CO and 0,; it is 
distributed between CO and 0, according to the 
definite equation of distribution; in combination with 
CO it is sensitive to light. 

VI  
The differences between hemoglobin and the respira- 

tion ferment are: hemoglobin, in contrast to the 
respiration ferment, does not act as a catalyst. 
Hemoglobin binds CO more firmly than the respira- 
tion ferment, and this combination is decomposed by 
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FIG.2. Effect of carbon monoxide upon the catalytic 
action of hemopyridin (dark and light). 

light with much greater difficulty than the CO respira- 
tion ferment compoixnd. 

The properties of the respiration ferment are ap- 
proached more closely if the globin is removed from 
the iron-carrying component of hemoglobin. Free 

I - u  
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FIG.3. Effect of carbon monoxide upon the catalytic 
action of hemonicotin (dark and light). 

hemin behaves as a catalyst and, as was shown by 
D. C. Harrison, of Cambridge, it is capable, for 
example, of oxidizing catalytically cystein in aqueous 
solution to cystin. This catalysis, according to the 
investigation of H. A. Krebs, is inhibited by the same 
pressure of CO as is respiration. Still the sensitivity 
to light of CO-h'emin is only one ten thousandth of 
the sensitivity to light of the CO-respiration ferment 
compound, Even this discrepancy can be overcome. 



If hemin is  combined with pyridin or nicotin, we 
obtain powerfully active catalysts whose Fe  is capable 
of transferring two thousand molecules of oxygen to 
cystein. The CO compounds of these hemin deriva- 
tives were decomposed by light of one ten thousandth 
of the intensity of sunlight, according to H. A. Krebs. 
They are therefore just as  sensitive to light as the 
CO compound of the respiration ferment. The above 
described experiments with living cells could be 
repeated by us without living cells in simple solutions. 
I n  Figs. 2 and 3 I am showing two illumination 
experiments in simple solutions in which hemopyridin 
and hemonicotin were used as the catalysts. Both 
these figures are very similar to the first figure. Thus 
if one chooses appropriate hemin compounds for 
catalysts one can obtain a system which bears the 
same relation towards CO and light as the respiring 
living substance. 

V I I  
If  the respiration ferment is a hemin compound, 

and indeed one finds spectroscopically a hemin com-
pound in all cells (Keilin7s cytochrome) then we 
might believe that the respiration ferment and cyto- 
.chrome are identical. That this is not correct, is 
shown by the following experiments : 

(1)Cytochrome-hemin occurs in considerable con- 
centration in yeast. If, however, one attempts to 
determine quantitatively the ferment-hemin (for 
which we have' a method a t  our disposal which is 
supposed to indicate the presence of one millionth 
of one per eent.) then, as was found by Mr. F. Kubo-
witz, the amount of ferment present is zero. This 
means that only a minimal fraction of the cell hemin 
i s  ferment hemin. 

(2) While hemoglobin, the respiration ferment, 
and many other hemin compounds which we have 
investigated react in the reduced state with 0, and 
CO, cytochrome on the other hand does not combine 
either with oxygen or with CO, at least not, a t  a pres- 
sure of one atmosphere. Therefore, cytochrome rep- 
resents a hemin compound which has lost the charac- 
teristic properties of hemin. Just as hemoglobin is 
a denatured respiration ferment, because its Fe  atom 
no longer behaves catalytically, so is also cytochrome 
a denatured ferment whose Fe atom is, no longer 
capable of reacting with oxygen. Thus, the respira- 
tion ferment and cytochrome are different substances 
which differ by their respective concentrations in the 
cells and by their behavior toward 0, and CO. Inci-
dentally, this again confirms the old experience that 

in the cells in any 

able concentration are not ferments. 

VI I I  
It follows from the above that there are two con- 

ditions which make it difEsult to identify the respira- 

tion ferment as  hemin: the minute concentration of 
the ferment and the great concentration of the cell 
hemin which is not ferment hemin. The inactive cell 
hemin obscures the ferment hemin in all analytic 
procedures, whether chemical or spectroscopical. It 
must, therefore, suffice to state that the respiration 
ferment behaves as a hemin and is, therefore, a hemin, 
or  a method must be found which can differentiate 
the ferment hemin from the other hemins of the cell. 
Such a method is the following : 

We inhibit the respiration of living cells by CO 
and then expose to light of dzerent  wave-lengths. 
On illumination the respiration rises, as we have seen 
above. To this the new observation can be added 
that the respiration rises to different levels according 
to the wave-length which we employ. Thus, if we 
render the intensities of the different wave-lengths 
equal, i.e., we expose the cells to light of different 
colors but of equal intensities, then we find that the 
effect upon the respiration in the ultra-violet a t  366 pp 
is very small, great in blue, again small in green, etc. 
If we represent the effect of the light in relation to 
its wave-length graphically we obtain a curve which 
we designate as the action curve. The varying effects 
of the wave-length may have various reasons, but by 
all means the most probable cause lies in the fact 
that the respiration ferment absorbs light of different 
wave-lengths to a different extent. I n  such a case 
our action curve is nothing else but an absorption 
spectrum of the respiration ferment. If  this is ac- 
cepted then the absorption spectrum of the respiration 
ferment can be determined by means of exposing 
cells in carbon monoxide to lights of different colors 
but of equal intensity and by comparing the results; 
or by varying the intensities of the different colors 
in such a way that equal results are obtained. 

I t  is clear that with such an arrangement the cata- 
lytically inactive cell hemins, such as the cytochrome, 
do not interfere. It is true that the inactive hemins 
absorb light just as the ferment hemin does, but the 
light absorbed by the inactive hemin has no effect 
upon respiration. Only that light which is absorbed 
by the respiration ferment affects respiration. It is 
of equally little account in the above procedure that 
the concentration of the ferment is infinitely small, 
since we measure infinitely great effects of the fer- 
ment in relation to the amount of ferment present. 

-

Sinw the principle of determining the absorption 
a the ~~o~~~~~~~~~~ effect 

upon the catalysis is new, it was desirable to test it  
out under simple conditions before applying i t  to a 
living system. We sought to prove first that it is the 
differen0e of absorption only which determines the 
di££erent effects of the colors. 
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Particularly adaptable for this purpose is the 
hemonicotin model which is demonstrated by a great 
sensitivity to light. With this model the absorption 
spectrum of the catalyst can be taken photometrically 
or bolometrioally, to begin with from a clear aqueous 

J(P PI 
Fra. 4. Spectrum of CO-hemonicotin. Crosses (x) -cata. 

lytic action at equal caloric intensity. 

solution in which only the catalyst itself-hemonico- 
tin-absorbs light. Then the action curve can be 
photographed in which the catalysis is being inhibited 
by CO and stimulated by different colored lights, and 
the effect of the light is represented as a function of 
the wave-length. If our assumption is correct, the 
directly measured absorption curve and the action 
curve must have the same form. 

I n  our experiment we have employed six regions 
of the spectrum, i.e., six lines of the mercury vapor 
lamp : ultra-violet366 PP, v i o l e t 4 8  PP, blue-
436 ~yblue g r e e n 4 9 2  PP, green-546 PP, and yellow 
of 578 PP. The results are shown in the curves of 
Figs. 4 and 5. The drawn-out line shows th,e bolo- 

W 

FIG. 5. Spectrum of GO-hemonicotin. Crosses (x) -- .catalytic action at equal quantum intensity. 

metrically measured absorption spectrum. The crosses 
indicate the' actions observed with light of different 
colors but of equal intensity, referred to the blue 
mercury line of 436 PP. The light intensities were 
equal either in calories (Fig. 4) or in quanta (Fig. 
5) .  I n  both cases the crosses fall very closely upon 
the absorption curves. Thus no matter whether one 
calculates in calories or quanta intensities the observed 
catalytic action yields in effect very closely the absorp- 
tion spectrum. This shows that the assumption agrees 
with our method. The spectrum of a catalytically 
active hemin complex can be obtained from the photo- 
chemical effect upon the catalysis. 

X 
In  applying this method to living material we 

used yeast cells. Their respiration was inhibited by 
means of CO. Then they were exposed to different 
lights of equal (quanta) intensity and the action upon 
respiration was measured. The spectral regions used 
were again the above six mercury lines and in addi- 
tion two aegions in the red which were isolated from 
the radiation of a metal filament lamp. 

Before showing you the results I shall throw upon 
the. screen- the spectrum of CO-hemin in order to 
orient ourselves in the general form of the hemin 
spectrum (Fig. 6). The characteristic features are 

FIG.6. Spectrum of GO-compound of (reduced) hemin 
(taken bolometrically and photometrically). 

the high and the relatively sharp band in the blue, 
the minimum in the blue green, a flat band in the 
green yellow, and a very slight absorption in the 
red. I t  is because of this that all these pigments in 
thick layers appear red as blood. 

Now, I shall show you the absorption spectrum of 
the respiration ferment (Fig. 7). You will see here 
the typical hemin spectrum: the high and relatively 
sharp band in the blue, the minimum in the blue 
green, the flat band in the green yellow and the 
very slight absorption in the red. 



FIG.7. Spectrum of the respiration ferment. (Crosses, 
x, -catalytic action on illumination with lights of equal 

quantum intensity). 

On closer examination of the spectra of the respira- 
tion ferment and of the known hemin compounds a 
difference is revealed. The maximum of the blue 
band for the respiration ferment lies at 436 pp and 
a t  408 pp for CO-hemin. The spectra of none of the 
known hemin compounds coincide completely with 
that of the respiration ferment, the latter being dis- 
placed towards the red in respect to the former. 

I t  must be recalled here that the respiration fer- 
ment is not in solution in the cell but is embedded in 
the solid cellular components of the surfaces. The 
spectrum of the respiration ferment which I have 
shown is not of the dissolved but of the solid ferment, 
whereas the spectra of the other hemin compounds 
were taken from solutions. I t  is known that a dis-
placement of the spectrum of a pigment would be 
associated with a fixation of the pigment upon the 
cellular substance. Thus the spectrum of chlorophyll 
bound to the (solid) cellular phase is displaced to 
20 pp towards the red in relation to the spectrum of 
chlorophyll in solution. This corresponds to the 
direction and order of magnitude of the displacement 
shown by the ferment-hemin in relation to the dis- 
solved hemin. This does not mean that the state of 
aggregation alone determines the displacement, for  
the effect may also be due to chemical differences. 

I n  concluding, I wish to acknowledge the. credit due 
for a great part of the above described investigation 
to my coworkers, Mr. Negelein and Mr. Krebs. 

BERLIN-DAHLEM OTTO WARBURG 

EUGEN AMANDUS SCHWARZ 
ALL entomologists will be saddened by the news 

that Dr. E. A. Schwarz died in Washington, of pneu- 
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monia, on October 15. He was born at Liegnitz, 
Silesia, on April 21, 1844, and was therefore more 
than eighty-four years of age when he died. I n  his 
early years he studied in the Universities of Breslau 
and Leipzig, and came to America in 1873, taking a 
post in the newly founded Museum of Comparative 
Zoology a t  Cambridge. On the death of the elder 
Agassiz, he joined his friend, Henry G. Hubbard, in 
the establishment of a scientific association a t  Detroit, 
Michigan. Alone or with Hubbard he made expedi- 
tions to Florida and to the Lake Superior region, and 
in 1877 was sent by John L. Leconte to Colorado on a 
collecting trip. I n  the summer of that year he became 
connected with the entomological service of the U. S. 
Department of Agriculture and remained under the 
federal government until the time of his death. Dr. 
Schwarz was a coleopterist by choice, but had a very 
wide range of knowledge concerning insects in gen-
eral. H e  was not only a very learned man, but a most 
kindly one, and possessed a remarkable sense of 
humor. Some of his clever sayings will be quoted for 
years to come. 

It has been said that he was the most learned ento- 
mologist in America; to his quiet influence is doubt- 
less due much of the great advance which has been 
made in this country in sound and fine work. He was 
one of the founders of the Entomological Society of 
Washington, and for some years before his death he 
had been its honorary president. The Proceedilzgs of 
this society for the first thirty yems or more of its 
existence are replete with short notes and longer ar- 
ticles from his pen covering a vast field of biological 
observation. 

I n  a way, he shunned publicity, but nevertheless 
was known and appreciated by a wide circle, not only 
of entomologists, but also of people engaged in other 
kinds of work. To respect for his learning were added 
admiration and affection for his other characteristics. 

Dr. Schwarz was also one of the founders of the 
Biological Society of Washington. H e  joined the 
American Association for the Advancement of Science 
at the first Detroit meeting in 1875. I think that the 
published record which shows him first as a member 
a t  the first Boston meeting of 1880 must be wrong. , 

L. 0. HOWARD 
U. 8. DEP~RTMENTAGRICULTUREOF 

THE AMERICAN ASSOCIATION FOR 

THE ADVANCEMENT OF SCIENCE 


HEADQUARTERS HOTELS AND HOTEL 

ARRANGEMENTS FOR THE FIFTH 


NEW YORK MEETING 

THE following information concerning hotel ar-

rangements for the e t h  New York meeting (De-
cember 27, 1928, to January 2, 1929) is supplied by 


