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Microbiology. — “Iletabolism of the nitrogen in Aspergillus niger.”
By H. J. Warkrman. (Communicated by Prof. M. W. BuJsRINCK).

{Communicated in the meeting of November 30, 1912).

In a previous-communication ') I described the circulation of the
carbon in Aspergillus niger.

The changes which the plastic aequivalent or assimilation quotient
of the carbon and the respiration- or carbonic acid aequivalent
underwent in the course of time gave a clear view inio the meia-
bolism. In the beginning of the development a great plastic aeqni-
valent was constantly found, which, however, lowered quickly,
whilst the carbonic acid aequivalent rose considerably in the course
of time.

The curve indicating the change of the two aequivalents with
time could not be explained by an adsorption of nutrient substance.

The exislence of an adsorption, that is to say, a change of con-
centration caused by molecular attraction of the components at the
surface of a liquid formed Ly these components, gas, etc. and theo-
retically foretold by W. Gisss and J. J. THowsox, has in many cases
been experimenially confirmed. For such experiments it was desirable
to artificially enlarge the surface, for example by formation of
scum, in order to bring the phenomenon within the reach of the
relatively rough methods of observation.

Animal and plant cells present a great surface in relation to their
contents. So it might be possible experimentally to observe the
adsorption by the disappearance of the food from the surronnding
medium.

The above investigation, however, has proved that this is not the
case and the following expeviments confirmed this.

A living mould cullure, some months old and washed out with
distilled water, ca. 300 mgrs. dry and containing hardly any more
glykogen, was during half an hour shaken with 50 cm® solution
of 2°/, glucose, 0,15°/, ammoninmnitrate, 0,15°/, KH,PO , and 0,06°/,
magnesiumsulfate in tapwater. The mould layer, which had absorbed
hardly any glucose from the solution, was then vepealedly washed
out with distilled water at room temperature, boiled for ten minutes
with distilled water, then filtered. The filiration did not reduce
“Fehling”, consequently contained no glucose.

If the concentration of the glucose in the mould were likewise

) Folia microbiologica, Hollindische Beilrdge zur gesamlen Mikrobiologie.
Bd. 1 p. 422,
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2°,, at least 6 mgrs. should have been found, a quantity whicl
can with certainty be indicated by “Fehling”.

This proves that there is no question of a considerable perma-
nent adsorption at the outer surface of the protoplasm, but that
it behaves more like a semi-permeable wall towards the glucose.

The same experiment was ouce more repeated, but this time with
a 2°/, glucose solution without anorganic substances, with shaking
for two hours. Now, {oo, the mould proved {o contain no glucose.
A duplo-experimeni gave only iraces of glucose.

Hence the adsorption in Aspergillus niyer is of no significance for
the accumulation of nutrient substances.

Now it is a matter of ccurse that the first stage of the accu-
mulation is an adsorption, but it evidenily escapes observation. The
high plastic aequivalent in tbe beginning pointing to an extensive
fixation of carbon-containing material, relates to a further stage
of assimilation.

The food has then already passed into other compounds, e.g.into
glykogen.

If the observations have ascertained that physiologic processes
may be represented by an adsorption curve, this cannot be explai-
ned by accepling an adsorption in the first part of the process but
it may be a consequence of what happens in a later stage.

Such an adsorption curve does not in general represent a simple
process; it is more a combinalion of a whole series of successive
plysical and chemical phenomena.

In the study of the nitrogen results have been obtained corre-
sponding to those found with the carbon.

It has namely been observed that also the nitrogen compounds
used for the nutrition, are accumulated in the organism in a way
not yet explained. First I convinced myself that the plastic aequi-
valent of the nitrogen at the end of the experiment ic subject lo
only slight changes, as is shown in table I

Compare for this nrs. 1 with 2 and 3, 4 with 5, 9 with 10, 11
with 12, 13 with 14. Secondly the quantily is independent of
the nature of the source of carbon provided the weights of the
mould be alike. For the levulose we find the same numbers as for
the glucose. Lowering of temperature does not (nrs. 9 and 10)
influence the rate of nilrogen of the mould, nor is it changed by
addition of boric acid (nrs. 11 and 12).

Table II gives a view of the quantity of nitrogen fixed in the

mould layer at various periods of development.

Afier 3 days the accumulation of nitrogen is of importance. Per
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TABLE 1. FIXATION OF NITROGEN BY ASPERGILLUS NIGER.

50 cmd, tapwater 1), in which dissolved 0.159; NHNO3 ), 0.159, KHzPOy, 0.06 %
MgSO4 (free from water) with the organic food given below. Temp. 33° C.

Nr.| Organ. food Aﬁoﬁghe i?lﬁl{ggnmgielg Particulars
(in mgrs.).
1,2,3] 2 gr. glucose 5 to 6 months 17.2; 11.3; 16.0
4,5 | 2, levulose 5t06 16.5; 18.6
6 1, glucose 5 » 9.8 The culture liquid
1 1, » 4tod 9.7 contained besides
8 1, » 4 " 10.1 considerable quan-
910 1t , » | 4 »” 9.1; 8.7 tities of ammonia
1,12y 1, " N1 5 » 9.2, 9.2
13,14] 1 , [levulose 5t06 10.-; 10.6

100
1000 mgrs. of assimilated glucose, ie. per 400 mgrs. carbon 0

19, 3 = 24, 1 mgrs. N is fixed after that time, that is 6°/, N on
the weight of mould. This value I will call nitrogennumber.

After 4 days the accumulation was fairly the same. The nitrogen
number was decreased to 5. Nearly ull the ammoniumnitrogeu (ca.
13 mgrs.) was taken up by the organism, for with NussLer’s test
the liguid gave but-an insignificant reaction. The remaining 7 mgrs.
are furnished by the nitratenitrogen.

) An analysis of lhis water made in October last gave:

solid substance 461,3 mgr. p. L. SO, 60,5 mgr. p. L.

org. " 6977 ” LI v ar 97:7 ) LI ]

reduclion power 3,6 mgr. O, p. L. KMnO,) |NOy traces

dissolved O, 4,54 cM? p. L. NO,' absent

free CO, 1,3 mg,, : NH,/ .,

fixed CO, 126,8 s 3 n Silicic acid (3i0;) 2,0 mgr. p. L.
Tolal CO, _ 1272 y 9 a Aly O3 4- Koy Oy 6,2 , ,
Temporary hardness (Prerrer-Wanrna ): 8,07° | Ca O 1,2, ., ,
Total PO ” ):9,43° |[Mg O 301 , , ,
Permanent P » ): 1,360 I Ca and Pb absent

Mg | " }:2,02° | Na,O 1202, , .
Total R {CLARK) :9,29°)  , [rom rest of combu-

stion 1289 ., , ,
% With this corresponds somewhal more lhan 26 mgrs. nitrogen.

8) The temperature in these experiments was 2560 C.

4 Addition of 5 mgus. boric acid.
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TABLE 1I. 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. crystallised fosforicacid |
0,1 pCt. crystallised magnesiumsuifate, 0,1 pCt. calciumnitrate (free from water).

Temp. 34° C. -
Days | Quantity of Reaction of the culture liquid
Ny, | after | nitrogen fixed Growth and with
U linocu-; in the mould .
t i . . .
lation in mgrs. spore formation ') Nesster. |DiP “e”?’ lan‘nn~
- sulfuricacid.
1 3 19.3 vigor,, hardly anyspores|  slight strong
2,34 4 [20.3;2.7;19.6] , , very few , ” "
5 5 11.5 w 1 n » rather strong "
G 7 ll '8 n 13 » »” » " »
7, 8 9 9.9; 10.4 » o rather many ” » ”
g 15 8‘8 » ) " 7 n ” n n
10 18 10.6 n o » » » » n »
ll 19 10 ” ! »n n » ” » n

Ixcepting nv. 1 where only 80/, of the glucose was used, all
the glucose in the other culture tubes had been assimilated.

The dry weight obtained from them I have not determined in
these experiments. For this my earbier investigations may be compared *).

Notwithstanding the quantity of fixed nitrogen had decreased on
the 4% day from 6 to 5°/, of the assimilated carbon, the absolute
quanlity was not lower. On the contrary, a slight increase was
observed caused by the glucose still present after 3 days. The nitro-
gen excreted by the growing mould is assimilated again during the
formation of new cells. When all the glucose had been used, which
was already the case on (he 4 day, nitrogen only was excreted.
The consequence was a considerable lessening of ihe (uantity fixed
in the organism. After 5 days (nr. 5) only 7.5 mgrs. remained
fised. This was accomparnied by a decrease of the nitrogennumber
as graphically demonstrated (fig. I). (see p. 1051).

After 5 days it was already decreased to 4.4, afier 7 days to 3,
after 9 days to 2.5. Then it undergoes but insignificant changes.

L The use of very pure chemicals free from manganese causes the bad spore
formation
2 1'olia Miciobiologica, Bd. 1 p. 422 and these Proceedings XV p. 753.
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The metabolism of the nitrogen corresponds thus in both cases
with that of the carbon, namely a considerable accumulation at first,

Jar‘./("é Ly ATt it O, 4,/042‘:
QY ¢M(LM4r_ o/// 4@6‘_«,"/ a)a,o.: :ZJ/
Al ceamslme W o /5% eocr e L eenad Prtuyrrese

gr% M7 cqﬁ\um(w/ctx Lo+ >

’ ﬁc /é.ll‘a/ﬂﬁoofa? Wf%ﬂél&

‘N,

- y |
VoI 7 / 4 KA .ﬁ/“..,-
Fig. 1. Melabolism of the nitrogen; 50 em$ tapwater m winch Llissolx'e(ﬁ?o/‘)
glurose (free from waler), 0,15%, ammoniumnitiate, 0,1 ¢/, polassinmehlotide, 0,059/,
cryslallised fosforic aewd, 0,19/, magnesiamsulfate, 0,1 %/y calclummitrate (free from
water). Temp. 340 C.

which decreases very mmnch in the course of time, finally to remain
nearly unchanged.

Whereas carbonic acid is the form in which the carbon can Jeave
the organism, the experiments in fable I prove that the nitrogen is
excreted as swmmonium. The lowering of the nitrogennumber is
parallel with a return of ammonium into the medium so that there
is cause to“comsider, as before with the carbon, the course of the
plastic aequivalent of the nitrogen and of the ammoninm aequivalent
in relation fo lime.

The decrease of the plastic aequivalent of the nitrogen is combined
with an increase of the ammonium aequivalent. This view may,
however, give vise to error as (o the nitrogen, the ammonium being
here a product of excretion, which flkewise is mostly the form in
which the nitrogen is given to the organism.. By introducing the
nitrogennumber this error is avoided. When excess of ammoninm-
nitrate is used it is chiefly the ammoninm nitrogen which is assi-
milated, as proved before.

In a previous paper?) was shown ihat manganese does not change

’

L) These Piroceedings, XV p 7H3.
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TABLE IL

——

The conditions of the cultivation were the same as in table IL

Nr. Particular. g’lflég‘-biil;)c?fl a(tji?xlis. Nitr %gzrérisn if\h(ran grf’u]d' I\l"‘tl';gggf Growth and spore-forming.
1 No manganese After 3 days) ‘19‘3 6.0 vigorous, hardly any spores
2 0.001 mgr. M]’)C].?_ 4 Aq. w 3 w9 17.5 5.0 " few spores
3,4,5,6 No manganese w 4 5 3 19.6; 19.6; 20.7; 20.3 5.0 » very few spores
7 0.001 mgr. MnCl, 4 Aq. Y )| 18.5 4.6 .  rather many spores
8 0.01 " » " . 4 5 9 17.3 4.3 " " . N
9 0.1 " ” " w 4, 9 17.0 4.2 » ” . v
10 \ 0.001 Zincsulphate 7 Aq. w 4 D 20.2 5.0 " very few spores
11,12 N°6fm§g§,a}‘f§&a“d instead ¢} 4 g 15.6; 19.5 4.8 . hardly any spores
13, 14 » s 6 4 9 18.4; 11.8 4.5 " " " "
15, 16 " s 9 5 9 12.7; 12.2 3.1 »  rather many spores
17 . " . 12, 3 9.-; 9.4 2.2; 2.3 " " » "
18 No manganese s 18 4, 3 10.6 2.6 " ” w s o
19 Noofmégiarﬁes& but instead % » 18, 3 ‘ 9.3 2.3 L few spores
20 With manganese w30, 3 8.- 2.0 " many spores
21 ) » " yw 35, 3 8.2 2.0 » " .
22, 23, 24, 25 " " 8.3;8.3;8.4;9.-;9.- 2.2

' » 40, 9

Ty 80 pCt. of the glucose is assimilated.
2) 88 pCt. of the glucose is assimilated.
3} No glucose is remaining in the solution.
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the nalure of the mefabolism of the carbon, but does modify its
velocily and that substitution of rubidium to potassium neither changes
that natore. This I have also found true for the nitrogen under the
influence of the said meial, as is shown in table III.

Nr. 2, where manganese is added, has a lower nitrogennumber than
1, which is owing lo the manganese. The nifrogennumbers of 7, 8,
and 9, are lower than those of 3, 4, 5, and 6, where no manganese
is added. The nitrogennumber of 10 is like that of 3, 4, 5, and 6.
The addition of 0,001l mgr. zincsulfate (ZnSO,.7 Aq.) changes neither
the metabolism of the nitrogen nor that of the carbon.?)

That ihe replacing of potassium by rubidinm bas little influence on the
metabolism of the nitrogen is proved by comparing nrs. 11 and 12
with 3, 4, 5, and 6, and 19 with [8, whose nitrogennumbers are
nearly equal.

In the above described experiments the nitrogen in the liquid was
of different nature, both in the form of ammoninm and of nitrate.
For that reason I repeated the experiment and used ammonium-
chlorid as only source of nilrogen.

Various concentrations were also studied. The results are found
in table TV.

From these experimenis we may conclude thai the nature of the
metabolism with ammoniumchlorid is the same as with ammonium-
niirate. The nitrogennumber, high at first (6,1), descends rapidly;
after 7 days it is already decreased to - 2,5, then to remain neavly
constant. Furthermore we see ihal excess of nitrogen does not change
the metabolism. All the nitrogen excreted is found exclusively as
ammonium, the sum of the nitrogen in the mould and of that present
in the solution being constani. The losses of nitrogen which may
parily be ascribed to errors in the analysis, are, as seen in the table,
of little import, and partly repose on the evaporation of ammonia.
Thus we see that in the till now examined cases ammonia is
normal excretion product in the metabolism of Aspergillus niyer.

After Prof. BomsekrnN’s advice I investigaled if this is always
the case; if also by nitrogen nutrihon with KNO, ammonia is
excreted.

The results of these experiments are found in table V. We see
from them thal also with KNO, as exclusive nitrogen food the
nitrogen is accumulaled in the orgaunism, albeit less quickly than
NH,Cl or NHNO,  The nitrogennumber lowers also lere
whilst ammonia comes into the colture lignid. There are hardly

1) These Proccedings, XV p. 7060.
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50 cm?3 fapwater, in which dissolved 0,4 pCt. KNO; (28 mgr. N), 0,15 pCt. KH, POy; 0,15 pCt. Mg SO, (cry:.talllsed)

TABLE V. KNO; AS NITROGEN NUTRITION.

and 2 pCt. glucose. Temp. = 31° C.

Quantity of Quantity of nitrogen Number Growth and Assimilated Nt
I 1 -
Nr. nitrogen in solution as ammo- ofafdtggrs cormi glucose roien
. . . spore-forming, .
in the mould nia, in mgrs. inoculation P 5 in pCt. fumber
1 8.4 Soltgtlon gt;]v?\? n? 3 days |vigorous, very few spores| 47 pCt. 4.5
reaction wi essler
2 14 Solulion gives no 4 vigorous, beginning 80 ,, 4.4
reaction with Nessler spore-forming
3 12.7 Solution gives no 4 vigorous, rather many B, 4.2
reaction with Nessler spores
4 14.8 -Only extremely slight 5 , vigorous, rather many 97 ,
ammonia reaction spores
3 14.2 Only extremely slight 5 vigorous, rather many 92
ammonia reaction spores
6 9.9 Alret?dy rather T vigorous, marny spores 100 ,, 2.5
much ammonia
1 10.2 n the Liquud T 5, " ” » [ 2.6
8 81 4.9 10 » " Bl » ” n 2.0
9 1.8 1.3 10 n ” ” ”» n 1 2.9
10 9.4 3.8 22, » » ” w oo 2.3
11 9.2 3.5 22, " " » y on 2.3
12 9.5 not determined 2 " ” » T 2.4

Gsot
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These results which. as experimenis have proved, hold also good
for a few other examined organisms, show that in the literature the ;
influence of the adsorpiion is often overrated *).

In order to test the oblained views abonl the metabolism of the
nitrogen (he following experiments were made (table VI).

The yuantities of added ammoniumnitrogen differ very much in
the five series of experimenis. In D there is just sufficient to satisfy
the first wants (20,9 mgrs), in E was an excess of nitrogen, whilst
in C, B and A therc was a deficil of nitrogen relatively to the
assimilaled glucose. Still in B and C the additions were sufficient to
satisfy the requirements of a maiure mounld layer.

In A this was not, however, the case and the quantity of nitrogen
was even smaller than that fixed in an old mould culture containing
little glykogen and obtained at the expense of 1000 mgrs. glucose.
To this it must be ascribed that the assimilation of glucose is
slackened. After 9 days 20°/, is still unused. Fixation of nitrogen
frorn the air counld not be observed in this experiment, neither for
A, nor for B or C, whilst yet these series of experiments might in
particular come inio considerafion for an eventual fixation of aimos-
pheric mirogen in relation to the mentioned deficit in the nutrient
solution. In the referring literature. however, are many slatements
tending to prove the contrary.

We further see {hat also the velocity of glucose assimilation in
B is diminished althongh the general comrse of the process of nitrogen
fixation remained the same, a high nitrogennumber at first which
for all the series decreased with fhe {ime to 2 fo 3.

The nitrogennumber of A. B. and C. and in slight degree also of
D, was in the beginning bound to a certain limit determined by
the added nitrogen and the mould.

Series A has a deficit of nitrogen with regard to the quantity of
assimilable carbon ; series E 1s characlerised by a deficiency of carbon
as to the quantity of fixed nitrogen.

We should still point to the association of the plastic acquivalent
of the carbon and the nitrogennumber. If the former is higli this is
also the case with the latier and the reverse.

Summary.

1. The nifrogen fixed in the mature mould is proportional (o the
plastic acqnivalent of the carbon independenily of the nature of
the carbon as well as of that of the nitrogen.

1) Sec also W, Reispers and D. Liny, These Proceedings, 1912, p. 482.

-11 -



TABLE VI. METABOLISM OF THE NITROGEN. .

Ammoniumchlorid in different concentrations as only source ot nitrogen.

T T - R T T L B
A B C D E
go] ;Dgat«}g\ﬁvzalga As in A4, but instead of 0.05 pCt. As in B, but instead of 0.08 pCt. As in G, but instead of 0.12 pCt. As in D, but instead of 0.16 pCt.
0.06 pCt. MgS0, (free fi jater . - N
505 ga N§-I42? gﬁjs‘?emgrﬁ‘mN.‘;”te‘) 008 pCL NHC! (105 mer. N) o.r2 pCt. NHyCI (157 mgr. N.) 026 pCt NH,CI (209 mgr. N.) o0z pCt NH,CI (419 mgr N)
deficiency of nitrogern. Temporary deficiency of nitrogern. Temparary defictency of nitrogen. R Equilibrium of nitrogen. Excess of nitrogen.
TE Milligrs nitrogen . Milligrs N . X Milligrs N B " T = Milligrs N . T = ‘Milligrs N |
Number of i: o ‘ atg " Growth and E,E Growth and [, - ?,,E Growth and _‘_5:: @ ag Growth and ﬁ PO e — ?E Growth and
days after £ §% In the hs N | £ E spore-forming In the Asi[:HZ 5§ spore-forming E g?i In the rAsirll\"-I3 25 spore-formin £ 5% In the As NH EE forming £ ?)g la the As, NHy ‘c-fE spore-forming
. . = in = Te-formin, ¥ =32 - il 4 =2 - ST mn 2 spore~formin: 3 mn = -
inoculation ﬁ?ﬂn mould solution | = = p mo'nld solution | = & ﬁ,hzo mould solution | Z & > ﬁ%‘a mould solution | 25 ﬁ%‘a mould solution | 2 ©
Vigorous, alrca| 3 | Vigorousalrea- Vigorous, be- Slight |, Vigorous, be- Vigorous, be-
3 50 0 dymanys’pores 6 0.1 0 = ?dy man%sp?res s 15.0 0 4.3 ginning sﬂor?l- 9 >18.4 reac%ion |} ginning sf)ore- . 17.5 Satgto'%i{ﬁ' 5.5 girning sflorlel-
- || especiallyatthe| o especially atthe| _ _|}form. especially| with form. especially| y torm. especially
P bord{rs 85 0.4 1 0 5.1 borders 0 at the borders 9 19.9 Nessler 5.3 l at the borders s 18.1 Nessler | 6.0 at the borders
' 5 10 i Vigorous, be- Vigorous, be-
ol Vigorous, 93 10.6 0 2.8 Vlgfl)lrlOl.lS, 100 147 0 3.7 \{;gqrous, 100 19.6 0 4.9 gir%ning s{:ore— ginning épore—
¢ % R || manyspores | e3 | — 0 — | | many spores | 100 — 0 — | Vaors 28 1100 — 0 _ {}form. especially | form. especially
' . { Y spore: P lat the borders at the borders
5 6.2 0 - X | 14,6 [ \ 3,6
8.1 s e R ‘
i ; : ! :
6. 82 5.9 0 2.1, 00§ 1.2 ¢ 0 2.5 ! 100 15.3 - 3.8 ) 100 13,5 - 3.4
{ Vigorous, Vigorous, {  Vigorous, i " Vigorous, Vigorous, rather
77 6.3 0 2.0 ; mang spores too 9.1 0 2.3 | mang ﬁporés 1.1 2.9 2.8 many spores 100 2.1 7.6 5.0 many spor’es 100 - - = many si)ores
¥ Spe { y {
A B C D ‘ E
Formed after 4 days — 403 468.5 497; 4715 , —
mould v T - - - 346 354
(mgrs dry) w9y 219 343 - 324 326

-12 -
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2. The nitrogennumber, by which is meant the nitrogen per 100
paris of weighl of assimilated carbon lowers with time; for a
mature mould it is ca. 2 (glucose or levilose as source of carbon).

3. The metabolism of the nitrogen has much resecmblance lo that
of the carbon.

a. An accumuiafion of carbon is combined with a high nitrogen-
number ; inversely the mature mould has a low nifrogennumber.

0. The nature of the metabolism of the nitrogen does not change
undeir the influence of many factors; neither is this the case with
the carbon.

c. The velocity of the metabolism is subject to great changes.

. The same factors that accelerale the melabolism of the earbon
also further thal of the nitrogen.

e. Substifution of rubidium for potassium is of liftle influence on
the meiabolism of the niirogen.

4. The nature of the melabolism of the nitiogen is independent
of the source of nitrogen. At first the nitrogennnmber is high,
then it dcereases whilst the freed nitrogen teturns into the nutrient
solution as ammonia. This is proved for the cases when ammoninm-
nitrate, ammoniumchlorid, or potassinmnitrale is given as nitrogen-
food. Aspergillus niger, thus, reduces nitrales fo ammonia but not
o free mitrogen. Only in the cultare tubes with a deliciency of
nitrogen as to the quantity of carbon, no ammonia can veturn into
the solntion as it isdirectly used for the produciion of new cells,

6. In the cases of a defictency of nilrogen no fixation of aimos-
pheric nitrogen could be observed.

Finally my hearty thanks to Professor Dr. J. Bomsekin and
Professor Dr. M. W. Bumurixck for their valuable help in this
investigation.

Technical University, Organical-chenical Laboratory.
Delft, November 1912.
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