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greatest for the pel'lhelion, smallest fOL' the aphelion. As a mean 
value of all these times we may consider 

1~ = T(l- ~;} 
FOI' thls time KEPU!lR'S tlurd law becomes 

(a - 1 ae2e~J: Tt 2 = 8:2 ' 

This àeviates fl'om KEPLER'S lavIT lesB than (43). 

Cbemistry. - "The Metaboli81f! of Aspergilht~ n~qe1'." Sy Dl'. H. J. 

WA'I.'EHMAN. (Oommunicated by Prof. J. BOESEKE~.) 

(CommuDlcated in the meeting of May 27, 19l6.) 

In leseal'ches descl'lbed iu previous communications I) I have 
demonstrated that the quantity of different elements accumulated in 
the ceUs of Aspe1''[Jillus n~qe1' is subject to \'ery great variations. The 
investigatioll was carl'Ïed ollt quantitatively for carbon, nitrogen and 
phosphorlls and qnalitatively for the element sulphur Whel'eas from 

, 100 parts by weight of ,-carbon, assimilated as glucose, 55 parts, for 
instanee, are absol'bed aftel' tbree days in the fungolls material, thls 
aftel' 21 days amollnts to only 31, s? not quite 60°/0 ofthe qllantity 
origillally taken up. The same applies to the nitrogen and pal:ti
culady to the phosphol'uS in a still higher degree, 

Tbe quantity of J1itrogen present in the cells falls in course of 
time to 2/5-1/3 of the quantity present in the young eells and with 
phosvhorus even to 1/7-1/1°' Also the sulphul' is accumulated in 
yonng celis. On increasing age the superfluous quantities of the 
said elements are excl'eted, 

On account of experimental difficulties.I have glven up the idea 
of detel'mming the progressive course of the hydrogen and the 
oxygen separately, but have now decided to calclllate the sum of 
these two elements accumulated in different pel'iods in the fnugous 

(, materlal. Fol', if we know the quantity of dry substance, likewise 
the percentage of carbon, nitrogen, pho&phorus and ash, it is possible 
to determine with sufficient accuracy fo)' my pllrpose the joint 
amollnt of hydrogen and oxygen. 

I} \'<'olia microbiologica, Holländische Beitrage ZUl' gesamten Microbiologie I. 
422 (1912); These Proceedings November 30 (1912) p. 753, \'<'ebruary 22 (1913) 
p, 1047 and 1058, March 22 antl April 25 (1913) p. 1349; Handelingen XIVe 
~ed, Natuur- en Geneesk, Congres p. 125. 
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1 have noticed that just as in the case 
of carbon, the q uantity of hydl'ogen and 
oxygen present in a yOllng fungous film 
diminisbes in COUl'.,e of time and aftel' 21 
days has ah'eady fallen to about one half 
of tbe original quantity. In the figure 
this is l'epl'esented gl'aphically. On the 
vel"fical axis A 13 is indicated the qnantity 
of the elements present in a young fungous 
film obtained under definite CÎl'cnmstances. J 

This quantity is, of course, very unequal 
with differenr elements, lal'ge_ with carbon, 
small with phosphol'us. If we assume that 
AP l'epl'eSentA the qllantity of each of the 
elements conceJ'ned in a young fungous film 
(4: daJ s oId), CQ, CR, CS etc. l'epresent, 
respectively the quantity of carbon f1nd hy
drogen + oxygen, Jlitrogen, phosplwrus etc. 
pl'esent in tbe 21 days oid fungous film. 
CQ= ± l/~AP,CR= ± 2/r,AP,CS=± I/sAP. 

The lines PQ, P Rand PS then l'epresent 
the diminution of the quantiry of the COl'
related elements wben the fungous material 
gets older. As demonstrated previom,ly 1) 
they aL'e in l'eality not straight but cm'ved. () .!I.J......------" 

The utilization of the intermediate pl'oducts 
Aftel' 4 days. Aftel' 21 days. present in the young cells in which proccss 
koolstof = carbon carbon dioxide, ammonia, phosphate, sulphate 
waterstof + ZUUl'stof = hy· I etc. are formed, explains the en th'e p 1e1l0-

drogen + oxygen 
stikstof = nitrogen menon. It is remarkaule that mally of t he 
fosfor=phosphorus excreted pl'oducts ('an again serve as nntl'i-
katalytisch werkzame ment so that fol' instance a l'>111a11 quantity 

elementen = of. phosphorns can pal'ticipate a few times 
catalytically active elements in the melauolism of many cells. 

I alreatly exJl'essed my opinion some time ago that there 
are also elements tbat will exhibit this phenomeJlon in a stiU higher 
degre~ than the phosphol'us. These then go and resem bIe catalytically 
active elements (line PX). -That the accl1mulation phenomenon does 
not remain confined to the elemen(s carbon, hydrogen, oxygel1, 

1) Put'posely 1 have united here the said lines in a graphic l'epl'esentation because 
they are related and descend 8imultaneously. 
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nitrogen, phosphorus and snlphur is shown from the oetermination 
of the sulphatecl ash from the fungous matel'ial at different periocl& 
of tbe development. 

50 cr. of a nutrient liquol' or the composition: tapwalel', 2% 
anhydrolls glucose, 0.3% -.• ~:rH4 NOa, 0.3% f{H~P04 and 0.2% of 
rry&tallised magnesium slliphate was Jnoculaled with traces of 
Asper,qillus niger. With the fungolls material obtained aftel' 47 days 
at 32°-33:>, which was then wasbed witll distilled water, a sulphated 
ash dete~'mination was made. All the glncose was l1sed np. Iobtained 
in four cases 5, 5, 5.5 and 6 mgs of ash, l'esper.tively (tab Ie 1). 
Snch a trifling ql1antity of ash made us ah'eady expect that the 
eIernents orcllrring in the sulphated ash wonld be present in yonng 
cells in larger quantities than in old ones. The proot' therefol'e IS 

glven by the fllrther experiments mentioned in table 1. ' 

TABLE I. 

Nutrient liquor: 50 cc. of tapwater wherein dissolved 2 % anhydrous glucose, 
0.15 010 N H4 N 03' 0.15 % K HJ P 0 4, 0.1 Ofo crystaJlised magnesium sulphate. 
Inoculatt'd with Aspergillus niger. Temperature during cuJtivation 32/33° C. Qualltity 
of ash 1) in mg., after moistening the fungous material with strong sulphuric acid 2). 

NUMBER OF DAYS AFTER INOCULATION. 

Faur Nine Sixteen Farty seven 3) 

16 9 9 7 5 
- - -
15 8 9 5 
- - -
18 9 10 5,5 
- -

11 9 6 
- -

On t11e gl'onnd of the above it was to be expected that if we 
remove a yonng, only jnst formed, fllngOl1S film fl'om the nutl'lelJt 
ljquol' and place it on distilled water aftel' having first washed 
away the adhering f111id, the IItilisation of the intel'rnediate pl'oducts 
will go on 10 a conslderable degree if, at least, tbe temperature 
does not alter (32°-33°). Yet the matter was not quite so simple 
as 1 suspecled. The possibility existed that one ,Ol' more of the 
elements are acrumulated not in the young but in the old' cells 

1) Ash entirely free fr om carbon, 
2) The figures with the same number ofunderlines belong to the same expel'imental 

series. . 
3) In these experimenls the inorgallic nutriment was: 0,3% NH4NO;1I 0,3% KH2P04 

and 0,2% crystallised magnesium sulphate, 
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(line P Y). In this case the element, whethel' added pUl'posely Ol' 

not ought to be present in the liquid. Al a possible non-presence 
the ordinal')' utilisation of the intermedia/e products with' the other 
elements would be l'etarded or even not take place at all, at least 
if the sa,id element should ha ve an essential and not a su bOl'dinate 
significance for the metabolism. Experiments in connexion herewith 
have, howevei', shown that sllch an element does not exist (See Table II). 

TABLE H. 

50 cc. of nutrient liquor composed of tapwater in which is dissolved 2 010 
anhydrous glucose, 0.15% NH4N03, 0,15% KH2P04, and 0.1% crystallised magnesium 

sulphate. Temp. 33". Inoculated with Aspergillus niger. -
Dry substance in mg (dried at 105° to constant weight). 

Af ter Af ter Af ter 5 days I) of which the Af ter 7 days I), of which the 
4 daysl) 5 days 1) last day on dist. water last three days on di st. water 

436 1- 367 368 341 

439 353 314 

315 

Fot' the utilisation of lhe intermediate products and the conseqllent 
deCl'ea5e of the quantity of dry sllbstance an absorption of any 
element fl'om the nutrient liguor IS thllS no lunger essential 2

) in thE' 
normal metabolism of Aspergitlus nigel'. All elements needed for 
the metabolism of Aspergil/us nige1' are accumulated in the young 
fungous material and when th is gets oldel' they are partly excreted 3). 

Elemellts th at are permanently .accumulated, whilst the ceUs are 
growing ol der, do not exist. 

D01ylrecM, May 1916. 

1) All the glucose is consumed. 
2) The element oxygen is f'xcludcd here. 
sJ Represented in the !<'ig. by the lin!)s PQ, PR, PS. PX etc PZ is a partlcular 

but improbable case. 


