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Microbiology. - "J.1{etabolisln of tlte nitrogen in Aspel'/Jilltts n~qer." 
By H .. 1. WA'l'I!:Rl\lAN. (Commullieatecl by Prof. ~1. W. BI!:1.THRINCK). 

(Communicated in the meeting of NJvember 30, 1912). 

In a previous- communication 1) I descl'ibed the circulalioll of the 
carbon in Aspe?',qillllS n~qel'. 

The changes which ibe plaslic aeqnivalent or assimilation quotient 
of the cat'bon and i11e I'espil'alion- Ol' ra1'bonie acid aequivaJent 
undel'went in the coms€' of time gave a cleat· view inlo the meta­
boJism. In the beginning of the development a gl'eat plastic aeqni­
\'alent was ronstantly founcl, which, however, lowel'ed quickly, 
whilst the carbon ie acid aequivaJent rose considerably in the course 
of time. 

The curve indicating the change ot' the two aequivalents with 
time cOllld not be explained by an adsol'ption of nutrient substance. 

The exislence of an adsorption, that is to sa,y, a change of con­
centration caused by molecular att1'<1.ction of the components at the 
sUl'face of a liquid fOl'med by these components, gas, etc. and lheo­
reticaJ1y fOl'otold by W. GIBUS anc! J. J. THOMSON, has in many cases 
been expel'imentally confiJ·med. Fot' sucb experiments it was e1ebiJ'able 
to artificially enlat'ge tbe smoface, for example by fOl'mation of 
sellm, in ordee to bril}g the phenomenon within the reach of the 
l'elati vely rough methoeIs of obset·vation. 

Animal and plant cells present a gl'eat sLll'face in relation to theil' 
contents. Sa it might be possihle expel'imentally to obsel've the 
adsorption by the disappetlrn.nce of the fooel from the SUl'l'oIUleling 
medium. 

The above investigaiion, ho wever, has pro\'ed th at tbis is not the 
case anel the~ following experiments conlirmed this. 

A living 1l10ulel culture, some months old alld washed out with 
distmed water, ca. 300 lllgl'S. dry and coniaining hal'e11y any more 
glykogen, was during half au hom shaken wilh 50 cma solnlion 
of 2% glucose, 0,15% ammoniull1nitl'ate, 0,15% KH 2PO" and 0,06% 
magnesilll11sulJaie in tapwatel'. The mould layel', whic1J had absorbed 
hal'Clly an)' glucose from the solution, was t1H-\11 l'cpeaieelly wa::,hed 
out with distillecl water at room tempel'atlll'e, boiled fol' ten minntes 
with distilled water, ihen filtel'cd. The filtration e1id not rednce 
"Fohling", consequelltly contained no glucose. 

If the cOIlcentl'ation of the glucose in the mOllld were tikewise 

1) Folia microbiologica, Holländische BeiLl'àge ZUl' p:esamlen l\Iikl'obiologie. 
Ed. lp. 4.22. . 
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2 %
, at ieast 6 mgrs. shoulü have been founcl, a quantity which 

can with cCl'tainty be indicaiecl by "Fehling". 
Tilis proves that thel'e is uo q uestion of a considerable perllla­

llent adsorption at the outer sUl'face of the protoplasm, but that 
il, behaves more like a semi-perrueable wall towal'ds tlle glucose. 

The same expel'imellt was once more repeated, but thi8 time wUh 
a 2 % glueose solution without anorganic substanees, with shaking 
fol' two hom's. Now, too, the mould proved 10 contain no glucose. 
A dnplo-expel'iment gave onl)' irltces of glncose. 

Hence the adsorption in AspeJ'gillus n~Ije1' is of no significanee fol' 
the accwnulation of nu trient su bstances. 

Now it is n matter of comse that the th'st stage of the accu­
mulation is an adsorption, bu t it evidently eecapes obsel'~ation. Tlle 
lligh plastic aequivalent in the beginning poi:1ting 10 an extensive 
fixation of ca,rbon-contailling material, relntes IQ a fUl·ther stage 
of assimilntion. 

Tile food hns then already passed into olher compouncls, e. g. inlo 
glykogeu. 

If the obsel'vations have ascerfained that physiologic pl'ocesses 
may be represented by an ndsorption curve, this cannot be explai­
Heel b.r accepiing all adsoJ'ption in the th'st part of tile pl'ocess bu t 
it may be H, consequence of what happens in a lateI' stage. 

SlIch an ndsol'ption CUl've does not in geneml repl'esent a simple 
pL'Ocess; it itl more a. eOlllbillaüoll of a whole series of successive 
physical I1Dd chemica I phenomena. 

In the stud,)' of the nill'ogen l'eslllts have been obtained COl'l'e­
sponcling to those found with the carbon. 

It lias na.mely been observed that also tile nilrogen compouncls 
\lsed fol' the nutl'ition, I1re a.<:cumula.ted in the ol'ganism in 11 wa,r 
lIOt yet explained. Fil'st J convinced myself that the plastic aequi­
valent of the nitl'ogen I1t the end of the experiment iE; subject to 
onl)' slight changes, as is shown in (able 1. 

Compare fol' this ms. 1 with 2 a.nd 3, 4 with 5, 9 with 10, 11 
with 12, 13 with 14. Secondl)' the qUl1lltity is independent of 
the na.tUl'e of t.he SOtll'ce of cal'uon pl'ovidecl the weights of thc 
motJid be alike. Fo!' tbe levu10se we find tbe same lllllDbel's as fol' 
the glucose. 1jowet'Ïng ot' temperatllre does not. lms. 9 and 10) 
influence tbe rate of nitl'ogen of the mould, nOL' is it changed by 
additioll of bOl'ic acid (ms. 11 and 12). 

'rabie IJ gives a view of the quantity of nih'ogen fixed in the 
. mOllld layer at varÏolls pel'iocls of development. 

Aftel' 3 days the accnrnulation of n.i1rogeu is of importance. Pel' 
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TABLE 1. FIXATJON OF NITI~OCiEN BY ASPEI\GJLLUS NIGER. 

50 em3. tapwater I), in which dissolved 0.15 Ofo NH4N032), 0.15 % KHzP04, 0.06°/0 
MgSO( (free fnJm water) with the organic food given bel ow. Temp. 33° C. 

--
I Carhon fixed Age of the 

Nr. I Organ. food in the mbuld Particulars mould (in mgrs.). 

1,2,3 2 gr. glucose 5 to 6 months 17.2; 17.3; 16.0 

4,5 2 
" 

levulose 5 to 6 
" 

16.5; 18.6 

6 1 
" 

b'lucose 5 
" 

9.8 The culture liquid 

7 1 
" " 

4 to 5 
" 

9.7 contained besides 

8 I 
" " 

4 
" 

10.1 considerable q4an-

9,10 I 
" " 

3) 4 
" 

9.1 ; 8.7 tities of ammonia 

11,12 1 
" " 

J) 5 
" 

9.2; 9.2 

13, 14
1 

1 
" 

levulose 5 to 6 
" 

1 

10.-; 10.6 

100 
1000 mgl's. of assimilated glucose, i.e. pet' 400 mgrs. carbon 80 

19, 3 = 24, 1 mgl's. N iE, fixed aftèr tllat time, that is 6 Oio N 011 

tIJe weight of mould. This "alne I wil! eaU nitl'ogennwnber. 
Aftel' 4 days the accumullÏtion was faidy the same. The nitl'OgCIl 

llumbel' was c1ecl'easecl tn 5. Nearly tLlI the ammoniumnitl'ogelJ (ca. 
j 3 mgrs.) was taken up by tbe ol'g'anism, fol' with NEssLlm's test 
the liquid ga\'e Gut 'an insignit1cant l'eactioll. The l'emaining 7 mgl'R. 
are fnrnished bi t he nitratenitrogen. 

1) An analysis of Lhis water made in OctobCl' la::;t gave: 

solid subslanee 461,3 mgl·. p. L. SO!,' 130,5 mgr. p. L. 

org. " 69,7""" Cl' 97,7. »" 
rcclucLion power 3,5 mgr. OJ p. L. (K Mn 00}) NOs' Lraces 
dissolvcd O2 4.,54 cl\i3 p. L. NO/ abscnt 
frce COJ 1,3 mgr." " NB!, " 
fixecl CO~ 126,8 "» Silicic acid (Si02) 2,0 mgr. p. L. 
'1'0 lal COJ _ 1:,17,2 »"» Alg OJ -t- 1<'C2 03 6,2 »» 

'rcmpol'al'y hal'clness (P~'EIl'EH-W AHTHA ) : 8,07° Ca 0 71,2» » 

Tota! ( ): 9,43° lVIg 0 30,1» n 

Permanent ( ) : 1,:360 Cu and Pb abscnt 
Mg ( ) : 2,02° Na20 120,2 
Tata! lCLAHK) : 9,29° "from rcsL of combu-

stion 1~8,9 

2) With this corl'esponds somewhat marc Lhun 26 mgrs. nitrugcn. 
3) The tempcmLul'c in thesc cxpel'imcllts wa') 250 C. 
}) AdditiOll of 5 mgl's. bodc acid. 

" » 

, » 
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TABLE H. METABOLISM OF NITROGEN. 

50 cm3 tapwater, in which dissolved 2 pCt. glucose (free from water), 0,15 pCt. 
ammoniumnitrate, 0,1 pCt. potassiumchloride, 0,05 pCt. crystaJIlsed fosforic aCid, 
0,1 pCt. crystalIised magnesiumsulfate, 011 pCt. calciumnitrate (free from water). 
Temp. 34° C. 

-I IReaction of the culture liquid na,. I Quantity of 
.after nitrogen fixed Growth and with 

-Nr. in the mould Jnocul spore formation 1). 
lation in mgrs. NESSLER. IDiPhenYlamin-

- sulfuricacid. 
-

I 3 19.3 vigor., hardly anyspores slight strong 

2. ,3. 4 4 20.3; 20.7; 19.6 
" 

I very few , 
" " 

5 5 17.5 
" 

, 
" " " 

rather strong 
" 

6 7 11.8 
" 

, 
" " " " " 

7r 8 9 9.9; 10.4 
" 

, rather many 
" " " " 

9 15 8.8 
" 

, 
" " " " " " 

10 18 10.6 
" 

, 
" " !) " " " 

11 19 
I 

10 
" 

, 
" " " I " " " . -

Excepting lll'. 1 whel'e onl.r 80 % of Lhe glucose waE> llsed, all 
tlle glllcose in the othel' culture tubes had been assirniIaLed. 

Tbe dry weight obtainecl fl'om (hem I have noL detel'milled in 
theE>e experiments. Fot' tlus Hly etl,l'hel' iuyestigations may be compal'ed 2). 

Notwithstanding the quu,ntity of fixed nitrogen had derl'eaRed on 
the 4th day from 6 to 5 % of the assimilated rarbon, the absolute 
quantity was not lawel'. On the contral'y, a slight inCl'ease was 
obsel'ved caused by (he glncose still present aftel' 3 days. The nitro­
gen excl'eted by (he growing mould is assimilated again dnring the 
fOl'mation of new cells. When all the glncose had been used, which 
was all'eady the ('ase on U\e 4th day, nitl'ogen anI,)' was excreted. 
The cOllsequence was a considerable lessening of tlJe ljuantity fixed 
in the ol'ganism. Aftel' 5 days (111'. 5) only 1:7.5 mgrs. l'emaincd 
fixed. 'fhis was a'~compar:ied hy a c1ecrease of the nitl'ogennumber 
as gl'apllically demonstl'ated (fig. I). (see p. 1051). 

Aftel' !) days it was alt'eady decreased to 4.4, alLel' 7 days to 3, 
aftel' 9 days to 2.5. Then it undet'goes but insignificant changes. 

1) The use of vel'y pme chemicals free fl'om manganese causes the bad spore 
fOl'malion 

~) lt'olia Miclobiologica, Bil. 1 p. 422 and lhese Pl'ocecllings XV p. 753. 
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The metabolism of the nitrogen cOlTesponds UJllS in both raseS 
with that of tbe carbon, namely a considerable accllmulation at th'st, 

'l 

~~~np~J~----'~---~"------------~%~~-~----~/d~~~--~~~! 
Fig. 1. Melabolisl11 of Ihe nÏlrogen; 50 cm~ lapwnler m WhlCh dissolvedl2 0/0 

glulose (free fl'om waler), O,U>% ammoniumnillale, 0,1 Cl! 0 polassiumchlol ide, 0,D50/o 
cryslallised fosforic aCId, 0,1 0 / 0 magnesiul11sulfate, 0, l 0/ 0 CalCllll11l1ilr.ür (free from 
water). Temp. 340 C. 

whirh decreases very lUnch in the course of time, finally to l'emain 
nearly unchariged. . 

'Vhereas caJ'boJlic ncici is tbe farm in whieh tbe carbon cnn )enve 
Ihe organism, the expcl'iments in lable Ir pl'Ove Ibat the nitl'ogen is 
excl'eteü as ammonium. The lo",el'ing of the nitrogenn um bel' is 
parnllel with a return of ammonium into tbe medium 80 that there 
is callse to~considel', as befol'e with the carbon, the course of the 
pInstic aequivalent of (be nit,rogen allel of t!Je ammonium aequivalent 
in relation 10 time. 

The decreabe of tbc plastic aequivnlent of tbe niLl'ogen is combined 
with an incl'ease of Ihe nmmonilll11 aequivalent.. Tllis view maJ', 
howevel', gi\~e dse to enol' as to tbc JliLI'ogen, the ammonjum being 
here a product of excrelion, whieh likewise is mostly the form in 
which the nitl'Ogen is given 10 tbe organism,- By introc1ucillg Ihe 
nitl'ogennumber tbis el'1'Ol' is avoided. When excess of ammonillm· 
nitmte is useel it is chiefly !he ammonium nitl'ogen \'dlieh is t\,ssi· 
milated, as l)l'Oved bet:ol'c. 

In H, pl'evious pt\,per \) was ShOWIl that nmnganese does 1I0t change 

1) These Ploceedings, XV p 758. 
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TAB L E m. The conditions of the cultivation were the same as in table H. 

Nr. I Particular. Number of days Nitrogen in the mould. Nitrogen. Growth and spore·forming. 

I 
af ter inoculation. layers in mgr. number. 

1 No mang'mese After 3 days 1) 19.3 6.0 \vigorous, hardlJl any spares 

2 0.001 mg,r. MnCI2 4 Aq. 11 3 11 2) 17.5 5.0 I 11 few spores 

3,4,5,6 No manganese 
" 

4 " 
3) 19.6; 19.6; 20.7; 20.3 5.0 

I 
11 very few sporj'!s 

" 0.001 mgr. MnC12 4 Aq. 
" 

4 " 
3) 18.5 4.6 11 rather many spores 

8 0.01 11 " 11 11 4 11 
3) 17.3 4.3 ! " 11 " " 

9 0.1 
" " 11 11 4 11 

3) 17 .0 4.2 
" " " " \ 

10 0.001 Zincsulphate 7 Aq. 
" 

4 " 
3) 20.2 5.0 

" 
very few spores 

11, 12 No manganese and instead I 4 3) 18.6; 19.5 4.8 Jzardly any spares of KCI, RbCI ~ " " '1 

13, 14 
" " 6 " 

l) 18.4; 17.8 4.5 11 11 11 11 

15,16 11 " 
9 

" 
3) 12.7; 12.2 3. I 

" 
rather many spores 

17 11 " 
12 11 

3) 9.- ; 9.4 2.2; 2.3 11 11 11 11 

18 No manganese 
" 

18 " 
3) 10.6 2.6 

" ti 11 I 11 

19 No manganese, but instt'ad ~ t8 3) 9.3 2.3 few spores of KCI, RbCI " " . " 
I 

20 V',Tlth manganese " 30 " 
3) 8.- 2.0 11 many'3pores 

21 
" " 11 35 11 

J) 8.2 2.0 
" 11 " 

22, 23, 24, 25 11 " _l- Il 40 11 3) 8.3; 8.~~ 8.4; 9.~~- I 2.2 11 11 11 

-------- --- -- - - - ~----

1) 80 pCt. of the glucose ;s assimilaled. 
2) 88 pCt. of the glucose is assimilatecl . 
.3) No glucose is remaining in the solution. 
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thc nature ot' the melabolism of the caI'bon, bnt does modify lts 
velocity and thaI. substül1tion of l'ubidium to potassinm neithel' changes 
that nature, This I have also fOl1nd true fol' the nitl'ogen unde!' the 
inflllence of the said metH'!, as is shown in ta,ble lIl. 

NI', 2, whel'e manganese is added, has alowel' nitl'ogennurnber than 
1, which is ov\rinp; 1.0 j,he manganese, The nilrogennllmbel's of 7, 8, 
and 9, are 10\\ler tban those of 3, 4, 5, ancl6, where no manganese 
is added. The nitl'ogenllllIllbe1' 01' 10 i_s like that of 3, 4, 5, anrl 6, 
The addition of 0,00 l mgl', zincsllifate (ZnSO 4.7 Aq.) changes neithel' 
the metabolism of the nih'ogen nol' thai of the carbon. 1) 

That Ihe l'eplacing of potassium bJ' rubidium lJas little iniluence on Ihe 
metabolism of the nitl'ogen is p1'o\'ed by compal'ing DrS. 11 and 12 
with 3, 4, 5, anel ö, and 19 with 18, whose nitrogennllmbel's are 
nearly equal. 

In the above desel'ibed expel'iments the nitl'ogen in the liquicl was 
of different nature, both ill ihe forIll of ammonium anel of nitrate. 
11'01' tlmt l'eason J l'epeated the experiment ancl used amll10niul11-
cblol'iel aE> only SOIll'ce of nitl'ogen. 

Various concentl'atiolls were also studied. The l'esults are founel 
in table IV. 

From these expel'Ïments we may conclude Lhaj the nature of tbe 
lIleLabolism with ammoniumchJol'id is the same as with ammonium­
liitrate. The nitl'ogellnUmbel', high at ihsL (6,1), descends rapidly; 
n.ftel' 7· clays it is ah'eadJ' decl'eased to + 2,5, t,hen to remain neurlJ' 
constant. FUI'thel'luol'e we see thaI, excess of mÜ'ogen does nol. change 
dJe metabolisll1. All the nitl'ogen excreted is fOIWcl exclllsiveIJ' as 
ammonium, thc snm of Lhe nitl'ogen in the l1lould and of that present 
in the solutioll being eOllstan1. The lo:;scs of niLl'Ogen wbich may 
pal'tly be asel'ibed to errors in the analysis, are, as seen in the tauIe, 
of litUe imporL, anc! pal'(]y l'epose on the evaporation of ammonia. 
Thus we see that in UlO Lill now examined cases ammonia is a 
n01'1l1al ea'cl'etion IJl'oduet in the metl7bolism of .!ls/Jel:qilluii niye1'. 

Aftel' Prof. BÖESgJU:N'S advice I in\'estigated if tbis is always 
lhe case; if also by nitl'ogen nutritlOll with KNO. ammonia is 
excreted. 

The l'esllJts of Lhe1:ie expel'iments are fOUlle! iJl table V. We see 
fl'om them that also with KN0 3 as excillsive nitrogen food tltc 
nitrogen is accumulated in Lhe ol'g'auism, albeit less qnickly thal1 
NH

4
Cl Ol' NH 4NO.. The nitl'ogennnmber lmvel's alsa here 

whilst ammonia comes into thc cnltlll'e liqnid. There are hardly 

I) These PI'occediug.s, X V p. 7GO. 
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TABLE IV. AlIIlIIONlUlIICHLORID AS SOURCE OF NITROGEN. 

A. I B. 
50 cm J tapwater, in whic/z dissolved: 50 cm 3 tap water, In. WlllCh dissolved: 

0.2 pCt. NH4CI, corresponding with 0.5 pCt. NH~ Cl, corresponding with 
26.2 mgr N. 65.2 mgr. N. 

0.15 pCt. KH2 PO~ 0.i5 pCt. KH2 POl 
0.15 pCt. Mg 504, crystallised 0.15 pCt. Mg 50~. crystallised 
2 pCt. glucose (free from water) 2 pCt. glukose (free from water) 

----- - -... rn s:: Cl.> 
... Q) Q) 

>, 0 Q) 
..t: .0 rn .: '0 '" '- :5 .0 lil .: '0 ..... E '" .~ ~ ~ ~ '0 o:î E '" '" 0 ~ w ...: 0 S::'O ;::l :i g :g Ë 

<+-0 _ 

S::'O ;::l . "2 z 
~ en U Nr. .- '"a s:: - 0 U o ;::l .-: '"a s:: z 0 ::< E 8 0. s:: '§ g 0. ... () s:: .E'O J5 ï~ zo Q) . E '0 Ji Q) 0 zo <ll ::< ... E bJ.i l;iJ E rn .- _ s:: .0 s:: .E bJ.i Sn E en 'éii biJ .E bJ.i 0 

::E '" .5 
ffl bJ.i'- E .;: ... 0 

::E '" .;: < r ::E .l:; <l; ;::l Q) bJ.i .l:; 
Z z1l::! ::E Z '" 

20.3 ~ I - I I I 
1 3.6 23.9 not determin. 3 days 19.9 - 44.5 64. 31not determin. 

2 19.6 6.1 not determin. - 79 3 IJ 23.5 6.2 not determin, - 95 

3 22.1 2.1 24.2 not determm. 4 
" 

21.4 - 38.9 60.3 not determin. 

4 21.6 5.4 not determin. - 98-99 4 
" 

21.7 5.6 - - 97 

5 16.2 5.6 21.8 not determin. 7 
" 

17.6 - 44.- 61.6 notdetermin. 
lil 

-\ 6 17.2 4.3 not determin. - 100 7 
" 

17.4 4.3 notdetermin. 100 

7 9.25 2.3 10.5 19.75 100 10 10.9 2.7 49.4 100 

8 I 8.7 

IJ 60.3
1 2.2 12.2 20.9 100 10 IJ JO.- 2.5 49.8 59.81 100 

9 : 8.7 2.2 13.4 22.1 100 21 IJ 8.1 2.- 52.8 \60.91 100 I 11 
, 

~ 

.~ 
!::; 

Cl) 
~ 
:=; 

"0 
Cl) 
:... 

.8 
Cl) 

:0 
ce 
.~ 

~ 

.~ 

'" ....; 
~ 
~ 
~ 
~ 

~ 

"" ~ 
o 
00 

!::; 
Cl) 
Ól: 
o 
;:.. 

-2 

!l1 ~ en 
;:...- 0 ~ 
~ ~ c 
~ p 
~ "0 0 
~ ° a - ..s d 
ce 

~ ~ 

~ -a § 
ce ol) 

;:.. 01) 0 
CD ;:...; :... 

.D 0 ~ 
8 Cl) .~ 
~ ;;;.. ~ 
-.= ·00 0 = ..... 
Cl)"::: Cl) 
~D ~ ':.J 
o ~ :... 
:... Q) ~ 

::: ° ~ en ::n ,... c:: 

~Cl).,g 
~2~ 

...- = ~ 
d > 0 
-:S~ 

-0 
Cl) 
;;. 
o 
:... 
c... 

5 § 
'"d 

Cl) !::; 
m Cl) 
o c... 
~ Cl) 

='"'=' 
~ ,.... 

~ ci).::: 

OC::Cl)'"d~ ..,;) > <IJ 'Z 
~ ~ ""0 

cq~ ón-s _ 
0.. ~>J 0 

~rnQ)~.8 
'ê Cl)~"2 ~ _ 

"2§~~~ ° -0 .... ~"O'g ~~ C1)o:=:- Cl) 

Cl) ~: ~ El OJ:, ..... 0..,... 
~.5 ~:..:: ~ 
~ "0 .... :<-
Ö § ~ .-
rn a.. ~ ~ en. _ 

~~'"Og 
,.- ~ Cl,) 

s:: 
Cl) 
ón 

° ~ .t::o:-::~ 
"3 ~ ~·2 ~ 

<:.> d ~ 0 

:::: 

v ....;..., Cl) 
,"=w(î; o 9 - ce .- _ ""'"" 
g ~ ë§ g 
- c: _ UJ 

Cl) -' 
óO Ol) :....~ ~ Cl) 
!::; 0 <:) :::: >­= .b ~ ~ ·00 
~.= ~ ::: ::.; 

Cl) e; 
ct:..:::: ~ ;;. ~ 

~ -=.. óD "- ....... ~ .5 
~ .... 0 
=(j)..!:; rIJ E ~ ~ d 

Cl) 

~ . ~ 
o .~ S 
~ § ~ 

~.~ ~ 
(::: • c:: 

:.... 0_ 
~ 00 c-,t 15 
~~ -.::: 
~:--:::;..::5> 

::: ~ !:: en. ~ .... 
ce .. - ~ 

...!:::?~ -­
UJ~O'"O 

rn ,...., ,... 
Cl) ~ ::;:; 

~'E ~ 
>,dÇ;.:.. 

>=: ° ( d ~ 

~ ~~ i 
~ ~ g Z o !.f; _ 

S~d 

Cl) '"C ~ 
El g:>:::: 

-z cD ~ Q) 

~E:~-:S --- .... ~ ~ g B 



- 10 -

4' 
o 
(') 

re 
0-
E! 

cm 
;:0 

~ 
e:. 
~ 
~ 
;J::­
a 
~ 
(I) ,a. 
$Il 

13 

~ 
x 
:< 

0;, 
CD 

8 ....... 
0 

....... "'-'I- ('0 

(t> ~ 
o..c 

o en X 
..... (:> 

~ -< (t> S· (E ~ (:> en 
~ """= en 8 0 

(:> 
(:>~ 

8: s.. .., 
0 0 

~ a . 
>-: ...., 

0..0 e...,..... ...... ~ 
~ 25- ~ 

&- ~~ c: 9 
CD (5 Ó <-< (f:; 

p.., ~ 

S 0... := ~.~. 
o tD- ~ 2 () 
S ;;. ::: 
Q.. 5= r-3 cO ;::. 
~=-::= 
~ c <? Ó 
o ~rn p... a~ 
;:i (:> 

:-' ....... -
o 0 ::::ï 
~C5S ~ 

o -.... ~ 

CD (10 

é. 
~ 0 

eË 
.-J § 
:: 5 

;3. s. 
~ Q ::! 

0.. 

::.. ~ (5 2-
UJw~:; 
~ 0 :::; ~ cr >-: ~ (:> 

~~ 0 
~ -- ::::ï 0.. = 9 :=:..: 
~ ~ ~ ~ 
en ~ Cf 0 

0- ~ g -
~ 0 ~ c 
<:"dS o 
CD ~ ,....J ~ 

~ ~ S cr~ 
,....J c: 5" !::l 

5=- g S" ~r 
CD ,......... (f~ :=i 

TABLE V. KNO;3 AS NJTROGEN NUTRITION • 

50 cm3 tapwater, in which dissolved 0,4 pCt. KNO;3 (28 mgr. N), 0,15 pCt. KH2 P04 ; 0,15 pCt. Mg 504 (crystallised) 
and 2 pCt. glucose. Temp. = 3-P C. 

Quanttty of Quantlty of nitrogen Number Assimilated 
Nr. nitrogen in solutlOn as ammo- of days Growth and 

glucose 
Nltrogen-

after spore-forming. number 
in the mould nia, in mgrs. inoculation in pCt. 

1 8.4 SolullOn gives no 3 days vigorous, very few spores 41 pCt. 4.5 
reaction with Nessier 

2 14 SolutlOn gives no 4 
" reactIOn wlth NessIer 

vigorous, beginning 80 
spore-forming " 

4.4 

3 12.7 Solution glve'l no 4 
" 

vigorous, rather many 75 
" 

4.2 
reaction wlth Nessier spores 

4 14.8 .Only extremely sIigbt 5 
" 

vigorous, rather many 97 
" ammonia reaction spores 

5 14.2 Only extremely slight 5 
" 

vigorous, rather many 92 
" ammonia reaction spores 

-
6 9.9 Already rather 7 

much ammonia " 
vigorous, many spores 100 

" 
2.5 

1 10.2 !TI the IIqUld 1 
" " " " " " 

2.6 

8 8 I 4.9 10 
" " 

., 
" " " 

2.0 

9 11.8 1.3 10 
" " . " " " " 

2.9 

10 9.4 3.8 22 
" " " " " " 

2.3 

11 9.2 3.5 22 
" " 

., 
" 

., 
" 

2.3 

12 9.5 not determined 22 
" " " " " " 

2.4 
------- ----- -- --- -

~ o 
Q1: 
t:lT 
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These ,'e811](s ",hieh. as expel'iments hn\'e pl'oved, hold aIso good 
1'01' n few ollle!' exnmined ol'gnnis/lls, show that in the literatnre the 
in{]uenee of the adsol'ption is offeJl ovcl'l'ated 1). 

In Ol'dCl' to test the obtnincd views abont the metnbolism of the 
nitJ'ogen the fol1owing expel'iments wel'e made (tabIe VI), 

The tjunntities of added ammollillmnitrogen dlffer very much in 
thr. rive series of experiments. In D there is jllst sllfficient to sntisfY 
the lil'st wnntfi (20,H mgl's), ilJ E was an exccss of nitl'ogen, wbilst 
ü, C; 13 and A there \'\'as n, deficit of nÎtJ'ogen relatively to tbe 
assimilated glucose. Still in Band C the additions ,vere snfficient 10 

&ntisfy fhe l'equircments of a matUl'e monld Inyel'. 
In A this was not, howeve!', U10 CDose and t.he qllanLiLy of nitJ'ogen 

was even smaller thnn tbat fixed in an old mOldcl Clllture containing 
little g],Ykogen nnd obtained at the expense of 1000 mgrs. g]l1co~e. 

To Ihis it llluSt be ascl'ibed that the assimilntion of glucose is 
&lackenec1. Aftel' 9 c1nys 20 "/0 is still nnnsed. Fixn,lion of nÏtl'ogell 
fl'oru the air eOllld not be obscrved in thi& experiment, neither for 
A, nor for 13 or C, whilst ,ret thetie series of expeJ'imentf- lllight in 
particn]nr come into c0l1sic1era1ion fol' nn e\'entllnl tixntion of almos­
phet'ie I1Ilrogen in relation to Iho mClIlioned deficit in the llnlI'Ïent 
SOlu1iol1. In the referl'ing litemlllre. 110 we "er, are mnny statements 
1ending to prove the eontl'nJ',)'. 

We flll'thel' see that also the velorit.)' of glllcose assürlÏlation in 
B ie; dimini&hed althollgh tlle genE'ral (',O\1l'se of the pl'ocess of nitJ'ogcn 
tixation remained tile s~me, a high nitrogennnmbel' at first which 
fol' all tbe HPl'ies decl'eased with Iha time to 2 10 3. 

The nitl'ogenllllmbel' of A. B. and U. nncJ in slight degl'ee also of 
D, '.rns in Ihe beginning bOlll1d to a certain limit detel'mined hy 

tlJe ac1ded nitJ'ogen and Ihe monld. 
Series A has (l deficit of lIitl'ogen will! rcgill'd tn the qnantit,' of 

assimilablo r~u'bon; series E JS chul'acleriseci bJ' a clefieiency of cat'bon 
as la the qnnntity of fixcd ni11'ogen. 

Wc tihoulcl slï'1l point to Ihe associn1ion of the plu,stic ncqui\'alenL 
ot' Lho carboll nncl thc nitl'ogcllnnmber, If Ihc formel' is higli this is 
a!so the case with Uw latter a.nel the revel'se. 

Summal'y. 

J. Tho lIit rogen fixcd i n I he mat ure maulcl is proportÏonal (a the 
pInstic aCljllivnlent of the carbon indcpendenfly of ,file nntnl'e of 
the carboll as weIl as of IlInt of thc nill'ogen. 

1) Sec ulso W. REf.t<DERS [tnd D. LELY, These Pl'oceedings, H1l2, p. 482. 
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TABLE VI. METABOLISM OF THE NITROGEN. 
A In m 0 n i urne h lor i cl i 11 cl i ff ere n t con een tra t i 0 11 sas 0 nl y sou ree 0 t, ni t rog e 11. -
ABC D' E 

g:15c~~I~a~rr~04 As in A, bul instead of 0.05 pCt. As in B, but instead of 0.08 pCt. As in C, bul instead of 0.12 pCI, As in D, but instead of 0.16 pCt. 

~:g~ ~g: ~~gt (~~~emf~~.mNrater) 0.08 pCt. NH,CI (10.5 mgr. N.) 0.I2 pCt. NH,Cl (15.7 mgr. N.) 0.I6 pCt. NH,Cl (20,9 mgr. N.) 0.J2 pCt. NH4Cl (41.9 l11gr N) 

deficiency of nitrogen. Temporary deficiency of nitrogen. Temporary deficle1zC)' of nitrogen. Equilibrium of nitrogen. Ezcess of nitrogen. 

Numbt:r of iii . <1l <1l • Growth and ~ <l.I • Cl) dJ Growth and ~ a; • c Growth and ~ <lJ • ;j) ~ Growth and ~ <1l • <1l ~ Growth ,md 
'2.5 Milligrs nitrogen lel- ~:: 1

1 

Milligrs N t:: I-. ~.::: Milligrs N 1

1

= f,.., - :N.E Miltigrs N :... :.... ~.:: 'MiIIigrs N 1 i: ~ 
days after :;::: ~ü As NHs ~E ;;:;:gü As NHa 6JJS _ ~ ~ü t I As NH3 oIJE =:ê ~ü As NHs ~E :::::gw As NHa êfE 
. 1 f .~ g Cl. In t~~ I in I :é::l sporE.formillg·~ g 0.

1 

~~O;~I~ I in '" g spore·forl11ing 'ij; ~ 0. ~o~]~ lij in, ;8 ~ spore.forming 'in g 0. :~o~~~ [ in, ~ ê spore.forming.~ g 0. ~~ot~~ I in, I' ~ @spore-fonlling 
meelt a IOn ~M mou solutien z:::: .:tCbi:J. I solutton Z ~M solutton I Z ~'EiJ soluhon z ~bIJ 1I solutlOll Z 

I

VigOrOUS,alrea. 76 I 10.1 1
1 

0 3.3 I Vigorous al rea· 87[15.0 0 4.3
1

'1 Yig?rous, be- 93 >18.4 1 Slight '- 1 Vig?rous, beo 79 17.5 Strongre· 5.51l Vigorous, beo 
3 59 _ Q _ dy manyspores dym~nyspores gmnmg sp~re- rea~tlOn ~mnmg sp~re- act. with gmmng sp,?re-

especiallyatthe 85 1 10 4' 0 3 I especlaJlyatthe - - 0 -! fonn. especlally 93 19 9 wlth 5 3 form. especlally 75 18 1 I N I r 6.0 farm. especlally 
borders .: . borders 1 at the borders . NessIer . (It the borders . ess e at the borders 

[ 
I 

. 1 14 7 1 V" 100 6 I Vigorous, beo \ Vigorous, be-

I Vigorous, 93 10.6 0 2.8 I VlgOrot~S, 100 . 0 3.! I Ig~rou5) 19. 0 4.9 ginningspore- ginning spore-
4 66 1. 1 0 2.1 rathel I rathel many form especially I farm especially 

many spores 93' - , 0 - mony spores 100 - 0 - spores < B 100 I - 0 -, ,at th'e borders 1 at the bOI-ders 

5 5.2 0 - I I I 14.6 0 1

3 ,61 1 I 1 I 
6,' -" -" 1 

I I 1 i I I ·I! 
~ _ 8~ I 5,9 0 2,1 ~ 100 I 10.2 0 2,5 ! I 100, 15.3 ~ I 3.81 100 )3.5 .,.. 3.4 

71 I' 53 0 20 1 i Vigorous, 100 1 91 I 0 23) Vigorolls, 11.1 2.9 /2 8[ (Vigoraus, 100 121 1,6 Is,o 1 1 Vigorous, 100 _ 1 _ _ ,Vigorouó,rather 
I • • • many spares . . (many spares . (many spares ,. ! rnany spares I many spares 

/- A lBC I D E 

Formed \ aftel' 4 days - I 403 468.5 I1 497; 477.5 , -

1110u1d " 7 - - I - 346 354 

(Ingrs dry) I " 9 279 348 324 326 
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2. The ni tl'ogennum bel', by which is meant the nitl'ogen per 100 
pal'Ls of weight of assimilated carbon Jowel'S with time; fol' a 
mature mo.uld it is ca. 2 (glucose or Jevnlose as somce of carbon). 

3. Thc metaboJism of the niLrogen has n:lUch l'escmbJancc Lo th at 
of the carbon. 

ct. An accllJl1111ation of cal'bon is combined with a high nitrogen­
number; invel'seJJ' the matUl'e mould Ims a Jow nitrogennllll1bel'. 

b. Tbe nature of tlJe metabolisl11 of Lhe nitl'ogen does nol, change 
ll11dei' the iniluollcc of mn,ny facLors; noithel' is this the caso wiLh 
the carbon. 

c. The velocity of the metabo1ism is snbject to grcat changes. 

d. The same factors thaI, a('('e1eratc the motabolislll of the carbon 
also fmthol' thaI, of the nitrogen. 

e. Substitution of rubiclium for potassium it:l of little infll1ence on 
the motabolism of the nitl'ogell. 

4. 'Tbe natlll'e of the metabolisll1 of the nitlogen is inclependent 
of the somoo of' nitl'ogen. At fil'st lhe niLl'ogennnmber it:l high, 
tben it dccl'eases whilst the freed lIitl'Ogen lCtL1l'IlS illto the Hnlt'ienL 
solntioll as ammonia. This is IH'Oved rOl' I he cases \V hen aJllmon in 111-

nitl'atc, amll1onium.chlO1·icl, Ol' potassinmnitrate is givon as nitl'ogen­
food. A.~peJ:ljillu~ n~qe]', til us, I'ec!ncos nit,l'ates to ammonia but not 
10 ü'ee lIitl'ugcn. Onl}' in thc cttltnl'e tnbob witl! a detÎcic!1C',v of 
nitl'ogen as to the Cjllantity of CUl'hon, no ammonia can l'etlll'n inro 
tlle bo]ntion as it is dil'octl.v llsed fOI' the p1'odnction of new I'olls. 

6. In thE' casos of a dcficiency of Jli/I'ogen 110 fixatioll of aLmos­
phel'ic ni tl'ogen cOlllcl be obsol'ved. 

Finally my heal'ty thanks 1,0 Professor Dl'. J. BÓI~Sl~!mN and 
Professor Dl'. NI. W. B111r.nmINcK fol' th ei I' valuable help in this 
investigation. 

Tecltnical U11ivel'sity, Ol'grcnicrtl-clWlJlicrcl Laóorato1'Y' 

Delft, Novembel' 1912. 
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