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The Mode of Action of ASPergillus niger Protease

Diphtheria Arithoxic Horse Serum *

HAJiME Fullo, YusAxu NOMA, SHIGERU I\ISHiGuciii, YosHiiiiKO Skim,
SOHEi SHINKA AND TsuNEHisA AMANo

Depn, in!e, !! of Jinmi, ,1010g}, RF, ,arc/I Inch!,,!e 10J Microbia! Dire"re$, Qinka U, Ii, erJi4y

IRecei"ed fir A1blic"!1011, DECem"er I 19. ;U)

SUN4MARY

I. I\her digestion or cliphtheiia antitoxic norse sera (DAHS) by AVIergil!"r 111ger protease
(ANP), clctrophoi'etic patterns or DAHS snowed only one in aJor component (D. G. -component) having
a mobility between that of the T-component and of I -globulin. The D. G. -component after
precipitation by 11alf saturated ammonium sulfate had a mobility or -1.5xlO-, sq. cm. per \. o1t
per second at pH 8.6

2. The percentage yields or antitoxic activity in the DC. -component from DAHS Ticli in
T-component were always 111ghcr LITan those from serum containing less T-component

3. The susceptibility of Inc T-component to ANP was al\\, ays less than that or I-globulin
An increase in rate or digestion or I -globulii. by ANP \\, as observed at a Iatcr stage or the digestion

4. The DC. -coinponcnt \\, as obtained from the digestion products of the T-component
previously isolatecl by zone electrophorcsis. Therefore it can be stated that the cntl product of
digest jolt or DAHS by ANP is a T-component modified by the protease

INTRODUCTION

prcvious Ieport (Am ano at a!., 1955), a considerablcAs shown In our

despcciation or the diphtheria antitoxic horse scrum \\, as at tailled by digestion
witlt AJIergillii5 11igei' plotcase. Thirty ing N. of thc diphtheria antitoxic horsc
serum globulin <DAHS-GL) digested \\, ith ANP did not cvokc ariaphylaxis in
guinea pigs passivcly scnsitizcd to normal horse sci. urn. In addition, In guinea
ping DAHS-GL digestcd with ANl' could not producc any antibodies 10 react
with normal horse serum, when testcd by systemic ariaphylaxis and the
Schultz-Dale's test. Thereforc it can be concluded that antigcnicity OF DAHS
was almost completely allcred by digestion \\. 111\ ANP

However, it is \\, ell known that the antitoxic activity or DAHS is distributcd
in two different serum fractions. Thc one is the r-globulin fraction and the
o1hei. the T-component. These t\\, o antitoxins differ in their electrophoretic
properties and in their Immunological characteristics, as shown by 1<ekwick and
Record (1941). In thc previous report, the fi. action \vhiclT gave rise to the
digested antitoxin \\, as not examincd

Therefore it seems or interest to study the \\, ay in \vhiclt thc serum components
of DAHS are modified during digcstion \\, 1111 ANP and the behaviou^ or the two

on

* This paper \\, as read at the 2811t Annual Meeting of the Japanese Biochemical Society un
November 1955, at Tokyo University
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types or antitoxii} during digestion with ANP.
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I\{alei'in!J and Me/froth

Electrophoresis : Electrophoretic analyses were performed at 4'C using a
Tiselius apparatus. Veronal buffer (pH 8.6, A=0.1) \\, as used for. electrophoresis
and all samples were dialyzed against the same buffer for 16 hours previously.
The relative conccntration of each component was calculatcd nom the electro-
phoretic pattern according to the method of Tiselius and Kabat (1939). The
electric conductivity of each sample \\, as also measured at 4'C and the electro-
phoretic mobility of cacl\ coinponcnt was calculated.

Zone electrophoresis : Zone electrophorcsis was performed at 4'C using with
a vertical column of bufferd starch, according to the method of F10din and POTath
(1954). \/e"onal bum" <pH 86, IFO. I) was us, d for' cone electropho"esis.

Total nitrogen estimation : The micro-Kjeldahl analysis was used (Kabat and
Mayer, 1948).

Non-protein nitrogcn (N. P. N. ) : An equal volume of 10 per cent trichloracetic
acid (TCA) was added to the samplc and the mixture \\, as filtered through hard
filter paper CToyo Roshi Company No. 4) after standing for. 30 minutes at room
temperature. The nitrogen content of the filtrate was estimated by micro-Kjeldahl
analysis.

Antitoxin unit (AU) determination : Antitoxin unit of each sample was
estimated according to the Ramon's Hocculation test.

AJI, ,'. gilluJ ing, , p"otea*e (ANP) ^ Partially punified ANP w"s p"epa"ed I"om
extracts or whole cultures of AJIe?gilltiJ litger strain Us ami, as described in our
previous "epo"t. (Am ano at "!., 1955)

RESULTS

I. Time course of didestion or DAHS with ANP
The fate of the scrum protein fractions was first studied during the digestion

of DAHS by ANP. For this nutpose, samples taken from the digestion mixture
were tested by electrophoresis.

An equal \, o1ume of M/5 acetate buffer (pH 3.5) containing 0.5 per cent phenol was added
to 300 inI. o1 DAHS containing 1100 AU. per inI. and the pH or the medium was adjusted to
3.8 with concentrated acetic acid, using a Beckman pH. metci'. 240 units or ANP \\, eic added
10 this solution and the mixture was kept at 37'C for 72 I, ours as described in ou^ previous
report (Amano at a1. , 1955). 50 inI. ajiquot of inc digestion mixture were taken at 0, I, 10,30,
42 and 72 hours, 2 in I. of eacli were used to estimate non-protein nitrogeiT and 5 in I. to estimate
antitoxin unit after adjusting the pH to 7.6 with 2 N NaOH. The remainder of eacli digest
was adjusted 10 pH 76 willI2 N NaOH and dialyzed against tap water for 3 day's and then
against distilled water for 3 days. The dialyzed samples were Iyopltilized. A 2 per cent solution
of eacli sample was made in \, cronal buffer (pH 8.6, "=0.1) and dialyzcd against the same buffer
for 16 hours at 4'C. A control flask containing 25 inI. of the scrum (DAHS) and 25 inI. of M/5
acetate buffer (pH 3.5) was also made and kept at 37'0 for 72 hours

The results of electrophoretic analyses are shown in Table I.
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ASPF:RGILLUS PROTEASE ON ANTITOXIC SERUM

Electrophorefic study of the course of digestion of DAHS by ANPTable I
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Froclions o1 the digestion products o1 0 and I hour were designaied by the usualFraction

names o1 Ihe serum proieins bui fractions of the digestion products clier 10,30,42 ond 72

hours were designated OS I-coinponen1, 11-component. ..... elc. according 10 the order o1

magnitude in Iheir negoiive charge o1 pH 86
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Frociion % , The percentage of Ihe each fraction in the 101.1 non-dialysoble subsionces
D. G. -coinponeni , A maior iruciion in Ihe digeslion producls o1 72 hours

131.

11 can be seen from tlle table that thc ITUmber of 11. actions or sci. urn protein
decreased during digestion. An appreciable amount of scrum albumin disappeared
dunn, , the first horn. or digestion. Artcr 10 hours, the typical electrophorctic
pattern of DAHS was almost completely lost and no scrum I>roteins I}aving
mobilities identical \\, ith that of serum albumin and that of r-globulin could be
found. After 72 hours digestion of DAHS, about 70 per cent of the non-dialyzable
substances consisted of a component naving a mobility bet wecn that of T-coin-
ponent and that of r-globulin (DC. -component). The electrophoretic pattern of
the control showed almost no difference from that of untreated DAHS.

The antitoxin unit and non-protcin nitrogen content of each digest \\, as
estimated at the same time. The data of this experiment are shown in Table
H and in Fig. I.

True digestion of scrum proteins was observed an out 60% or protein nitrogen
was converted to non-protein nitrogen. The destruction rate of antitoxin was

11- =cm PC ne ni

- 4.4

44.9

I-c cmpo ne ni

- 4.5

17.2

IV-coinponeni

-2.3

36.8

111-c oinpo ne ni
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47.1

11-campo ne ni

- 3.3

I 1.7

IV- coinpo ne nl

-1.8

474

cm

D. G. - coin po n e ni

-1.5

71.1
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Table 11. Estimations of unfitoxic activity and non-prolein nitrogen

during digestion of DAHS by ANP

Digeslion
lime

Ihrsl

o

10

30

42

72

Aun:;'":~;:;:;;;%~~I. :;:::'I
N o n - protein

-------

550 I 00 0.30

525 81 0.71

395 72 2.15 I

* Proiein nitrogen o1 each digestion lime was calculated by the total nitrogen of Ihe digesiion
mixiure 16.99 ing N. I minus Ihe non-proiein nilrogen
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Fig. I. Antitoxic activity and protein nitrogen during digestion of DAHS by ANP.

rapid at the early stage of the digestion and then decreased. About 50% of
antitoxin remained after 72 hours digestion.

2. Electrophoretic properties of DAHS-GL digested with ANP.
In our previous I'GPort it was shown that antitoxic activity of the degestion

products could be recovered almost completely by fraction ation with half saturated
ammonium sulfate. A further experiment was performed to see whether. the
DC. -component containing the antitoxic activity could also be recovered by
fractionalion with half saturatcd aminoniuni sulfate. The digestion products
were further purified with ammonium sulfate as follows.

Three ITUndred in I. of DAHS digested will, ANP were centrifuged at 3000 r. p in. for 30
minutes to remove insoluble material. TheIt the pH or the supernatant was adjusted to 7.6 with
2N NaOH and an equal volume of saturated ammonium sulfate was added. The mixture was
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kept overnight in a refrigerator. The precipitate was filterd through hard filter paper with
super-cell on a Buchner's funnel and washed three times with 100 inI. of half saturated ammonium
sulfate. It was then dissolved into as small a volume of water as possible and dialyzed against
running tap water for 3 days and then against distilled water for 3 days. The dialyzed solution
was Iyophilized. The dried material was dissolved in 09 per cent NaCl solution and the antitoxin
units were estimated.

The purified material was dissolved in veronal buffcr (pH 86, A=0.1) at a concentration of
15 per cent (w/v) of protein and dialyzed against 20 volumes of the same buffer for 16 hours
in a refrigerator. Electrophoretic analysis was carried out using the Tirelius apparatus at 180V.
and loinA. at 40C

ASPERGILLUS PROTEASE ON ANTITOXIC SERUM

The electrophoretic pattern of digested DAHS-GL is shown in Fig. 2.

Fig. 2. Electrophorelic pollern of D. G. .component.
The experiment was carried out in a Ti, elius OPPoralu, of 180V. and loinA, of 4 C.

Veronol buffer ipH 8.6, " 0.11 wo, used in Ihis experiment and the electrophore*ic
pullern wos photographed offer 35 minutes.
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It can be seen that the D. G. -component thus obtained is almost homogeneous
but it is slightly contaminated by a component moving faster toward the anode at
pH 8.6. The mobility of the DC. -component was calculated from the rate of
migration of the pattern and the electric conductivity measured at 4 C. as
-1.5 x 10~5sq. cm. per volt per second.

More than 95 per cent of the antitoxic activity of digestion products was
found in the D. G. -component which had a purity of 246 AU. per ing N.

3. Recovery of antitoxic activity from the two types of DAHS differing in
the T-component content.

During the experiments on the digestion of DAHS by ANP, the authors
became aware of a tendency for a higher per-centage yield of antitoxic activity
when a more potent antitoxic serum was used for the experiment. In addition,
in preliminary experiment we have shown that the more potent antitoxic sera
has a higher concentration of the T-component. Therefore the antitoxin in the
T-component may be more resistant to enzymic hydrolysis of ANP than the
antitoxin in the r-globulin.
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To study this possibility the recovery of the antitoxic activity was compared
artei digestion of two batchcs of antitoxic sera containing different concentrations
or T-coinpoitcni. 'The uric contained 36.4 rug PCr in!. of 'T-component and 1600
units of antitoxiiT PCI' inI. Tl}c other contained 15.7 ing I, er inl. of 'T-component
and 320 units or antitoxin PCr in I. 'The digestion Iii'ocedui'c for each batch of
DAHS was thc same as described abovc

The results arc summarized in Table 111

134

Table 111

An Iiloxic

serum

DAHS-I

DAH S-11

The recovery of on 1110xic octiviiy I ram Iwo batches o1 on litoxic sera

having diff ere ni co riceniraiio n o1 T-coinpo ne ni

AUImj

F1'Qin thcsc results it can Iic slated that the antitoxin or the T-component
is in orc resistant to digcstion by ANl' than that or the r-globulin.

+. 'The susceptibility or Ihc two Iypcs or antitoxin to ANP.
T'he following experimcnt was PCI'101'inccl to clucidate Ihc rcsults of above

expci'linent 11} \vl}ICli the antitoxin or the T'-coinponcnt is mole resistant to
cnzymic hydi'o1ysis than that or thc r-globulin. In this cxperiment, T-component
and I-globulin wcre scparatcd by zone clecti. ophoresis and at the same protCin
conccntration \VCre digested by ANP. 'The residual antitoxic activity or di, ,CSt was
coinparcd in the coursc or Ihc di, ,estion. Non-protein nitrogen formcd during
hydrolysis \\, as also estimatcd in this cxperimcnt.

DAHS-GL was pieparcrl by 11nctionatioit willI nail saturated ammonium sulfate from a
DAHS cuntaning 1100 I\U. per in I. 250 Ing. of DAHS-GL were dissolved in 3 in I. of VCronal
b"liti' at p}18.611, =0.1) and applicd 10 a starcli column (3.5x30cm). Zone electrophoresis was
carriccl nut ill 500V. and 20 in A. at 4'C. 101 181tours. 1.6 inI. ajiqouis or cluatc were collected
in a fraction collccioi and Inc protein concentration o1 cacli ustimatcd by a Zeiss Tell actomcter.

'Thc electi'ophorctic I)alleins o1' Ihc 'I'-component 11'action and of the I-ghobulin
11'action thus obtained are shown ill Fitr. 3.

T'he 'I'-cumponcnt it actioiT contained a small quantity of 131-globulin, but
did not contain I-globulin. Thc I-globulin tractioil contained only a small quantity
of the T-cumponcnt.

I '~com, ,, ent I
320

1600

ing. /in I.

15.7

36.4

I . . : After digeslion D. G.I Original serum I
- - - - -------------^ ----

100 6.25 59.4

Recovery o1 untiloxic aciiviiy %

Igm. of the T-cumponcnt and the I-globulin were cacll dissolved in 100 inI. or NIIO acetate
bullcr at pi{ 3.5 and LITe pFl was then adjusted to 38 willI glacial acetic acid. 0.2 inI. of the
ANP solution containing 20 units were added to each protein solution. Digcsiion of both fractions
with I\NP was cal'ricd oui at 37'C. Two control tubes were also incubated, the one containing
I per cent or Ihc T-coinponcnt buffered at pL1 3.8, the other I per cent solution of j-globulin
at pH 3.8. There was no apprcciable change in either control except for a slight loss of antitoxic
activity

8 inI. aliquots of the digestion mixture were taken at 0, 3, 12, 18, 30,42 and 72 hours
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18 hours electrophoresis o1 18 in A
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Toble IV. Susceptibilities of T-component and ' -globulin to ANP digestion.
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T-coinp o ne ni ;'. 910 bulin
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*I N. P. N Non-proiein nitrogen
*2 Proi. N. = 10/01 nilrogen - non-prolein nitrogen

Toful nitrogen of T-component soluiion

Total nilrogen of 1-910bulin solution

1.57 ing. N. per in I

.1.62 ing. N. per inI
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Non-protein nitrogen and the antitoxin units of each sample were estimated as described above
The antitoxin unit determination was performed after adjusing the pH 10 7.6 with 2 N NaOH

The results are shown in Table IV and in Fig. 4.

100
residuol %

90

80
,

.
.

.
.70

60

I,
,

,.
,,

50
~ .=....

40

30

20

..

~-. ......
.... .......

10

30 40

digeslion lime thour, I

Fig. 4. Susceptibilities of T-component Grid I. .globulin to ANP digestion.
O^O Antitoxic ac*ivity remaining in the T. component fraction.
.-^. Protein nitrogen reinoining in the T-component fraction.

. - - - - - - . Antitoxic activity re maining in the I- globulin f roction.

........ Protein nitrogen remaining in the 7-910buiin fraction.

Both fractions \\, ere digested at a similar rate for. about 18 hours. In the
later stage of digestion, the non-protein nitrogen and antitoxin units of the
T-component remained constant, but the digestion rate of the I-globulin fraction
increased.

The digestion products of the T-component were fractionaled by zone
electrophoresis. Again the DC. -component was found to be the major fraction,
with a mobility of -1.5 x 10~5sq. cm. per volt per second.

From these restilts it can be stated that the T-component was more resistant
to enzymic hydrolysis by ANP than I-globulin and that the DC. -component was
derived from the T-component by the treatment.

10 20 50

DISCUSSION

it is a \\, GII known fact that horse antitoxic serum cotains several protein
fractions. It could be presumed that each fraction would be split into numerous
fragments ITaving different In obilities by the enzymic hy(ITolysis. When such sera
are digested by some protease and the electrophoretic patterns are taken in the
course of hydrolysis, it is possible that numerous fractions would be detected.
However experimental results were much simpler in the case of the hydrolysis
of horsc antitoxic serum by ANP. After 72 hours only one major fraction could
be detected by electrophoresis and this was termed as the DC. -component.

60 70 80



The DC. -component had a mobility of -1.5xlO~, sq. cm. per volt per second
which is bctween the mobility of the T-component and that of IJlobulin. In this
expel. linent it is evidenced that the DC. -component was derived from the
T-component and not from I-globulin, because the T-component is much more
ICsistant to ANP disgestion than r-globulin and because the D. G. -component could
I)e PIOduced from the T-component previously isolated by zone electrophoresis.

\\!ITcn hoi. se antitoxic sei. alit \\, as digested by pepsin by the Inethod of Pope
(1939), the major fraction obtaincd had a mobility cjuitc similar that of I-globulin
as shornt by Andcrson (1955) and by Amoureux & Ycu (1951). 1<ekwick, Knight,
Machrlanc and Record (1941) gave conclusive evidence for. the hypothesis that
the major product was denvcd from the T-component by peptic diuestion.

ASPERGILLUS FROTEASE ON ANTITOXIC SERUM

T'hen. evidences consisting or two results. First percentage yields of antitoxic
activity in the Inajor fraction was IlIgh \\, hen the antitoxic serum rich in
T-component was digcstcd by pepsin and low when antitoxic serum rich in
r-;{lobulin was used for. Sccond the ill I. ironi! 1,1110 antitoxic I. at10 of the digestion
IJroduct was very close to that of the undigcstcd antitoxin in the T-component.

'Thouoh the ill trio/ill 11/10 antitoxic ratio or the D. G. -component was not
coinpared with that of the undigested T-component or willT that of r-gloliulin in
Ihc I)rcsent study, the D. G. -component was shown to bc produccd by ,\NP
ticatment nom 'I'-component.

11 call be slated nom oui results and the results of peptic digestion that the
T-component is more resistant to IJrotcases at an acidic IiH. 'Th. reason for
tills is not yct known. The authors assume that I-globulin would be Inore easily
denatuied at an acidic pH and the protein structure of the T-component has
less am nity 10 IJepsin and ANP.
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