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Summary 

The protemase from culture supernatants of  Cand~da alb~cans strata CBS- 
2730 was punfmd virtually to homogenei ty  by  1on-exchange chromatography 
and affinity chromatography.  The enzyme conslsts of a single polypept lde 
chain with t ryptophan at the N- and leucme at the C-terminus. Its molecular 
weight is approx. 45 000 and the moelectnc point  is at pH 4.4. With albumin as 
a substrate an apparent Km was determmed to be 7 • 10 -s M. The enzyme m 
inhibited by  pepstatm at eqmmolar  ratio and thus is a carboxyl protemase (EC 
3.4.23.6). Other group-speclfm mhlbltors, though, did not  effmmntly block the 
enzyme.  Above pH 8.4 the enzyme undergoes alkaline denaturation whmh is 
accompanmd by  dxmenzation. The enzyme is a glycoprotem. It is stable m pres- 
ence of  non-lomc detergents and can be freeze-dried. The enzyme clots milk at 
pH 5.5 and has t rypsmogen kmase activity. Among several purified protems 
that  have been tested as a substrate, only horse ferntm was resistant to prote- 
olysm, while myeloma proteins of  the Al- and A2-type were readily cleaved, as 
were two protemase mhibltors of  human serum. 

Antibodies agmnst purified enzyme did no t  react with several commercial 
Candlda antigen preparations; antibodies against the enzyme, though, have 
been detected repeatedly m sera from patients with manifest candldlasm. 

Introduction 

Among the yeasts, Candlda alb~cans is, from a medmal point  of  vmw, of  fore- 
most  importance as an opportunmtic pathogen [1].  Prevaously, certain strams 

Abbrevlataons EGTA, ethyleneglycoltetraacetlc acld, PMSF. phenylmethylsulfonyl fluoride. SDS, sodium 
dodecyl sulfate 
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of the yeast have been shown to hydrolyse serum albumm [2], and a prote- 
olytm enzyme from culture supernatants has been partially characterized [3]. 
The slgmfmance of proteolytm Candlda stratus as causative agents of severe 
candldlasls (1.e. thrush, gingivitis and septmemla) has been discussed by several 
authors [4--6], but detailed investigation has been hampered by the lack of 
purlfmd enzyme [7]. To permit a search for speclfm substrates especially with 
respect to components  of the immune system and pathways of physiological 
regulation that mvolve proteolysls, we have punfmd the enzyme and have 
determmed its propertms. 

Materials 

Bovine serum albumm, casein, N-ethylmalelmlde and other laboratory chem- 
reals were from Merck, Darmstadt, F.R.G. Bovine hemoglobin (crude powder 
or twine recrystalhzed), ~-lactoglobuhn-A, soybean trypsm inhibitor, phenyl- 
methanesulfonyl fluoride (PMSF), 1-ethyl-3(3-dlmethylammopropyl)-car- 
bodllmlde, pepstatm-A, sodmm dodecyl sulfate (SDS), Triton X-100, Tween- 
80, dlthmthreltol,  mdoacetamlde, benzamldme, human ~-2-antltrypsm, bowne 
trypsmogen, bowne trypsin, N-acetylphenylalanyl-L-duodotyrosme and dm- 
zoacetyl-DL-norleucme methyl ester were from Sigma, Taufk~rchen, F.R.G. 
High molecular weight protein standards, DEAE-cellulose (Sephacel), carrmr 
ampholytes, ammohexyl-Sepharose 4-B, Sephadex IEF, agarose-C and Sepha- 
cryl S-200 were from Pharmacm, Frelburg, F.R.G. 

EDTA, EGTA, DEAE-cellulose, carner ampholytes, o-phenanthrohne, 
azocasem, aprotmm, amldo black 10-B, alclan blue, basra fuchsm and all chem- 
reals for acrylamlde gel electrophoresls were from Serva, Heidelberg, F.R.G. 
Yeast carbon base and yeast morphology agar were from Dffco, Detroit, U.S.A. 
Protovlta was kindly provided by Roche, Basle, Switzerland. Aquaclde 1-A and 
azocoU were from Calblochem. Lahn, F.R.G. Human ~-2-macroglobuhn, 
human transferrm and Freund's adjuvant were from Behrmg, Marburg, F.R.G, 
spheroidal hydroxyapatlte was from BDH, Poole, U.K. and Bin-Gel HT was 
from Bm-Rad, Mumch, F.R.G. Nomdet  P-40, and N-ethylmorpholme were 
from Fluka, Buchs, Switzerland. 1,2-Epoxy-3-(p-mtrophenoxy)-propane was 
from Eastman, Rochester, U.S.A. and 10 /A glass capfllarms (Intraend)were 
from Brand, Werthelm, F.R.G. Polyamlde sheets (A-1700) were from 
Schlemher and Schull, Dassel, F.R.G. 

Recrystalhzed 4-dlmethylammo-az obenzene-4'-lsothmcyanate, 4-N,N- 
dlmethylammo-azobenzene-4'-thmcarbamyl (DABTC)-diethylamme and 
DABTC-ethanolamme were kmdly provided by Dr. M. Engelhard, Dortmund.  
Pttrffmd human A1- and A2-myeloma proteins were gifts from Professors N. 
Hflschmann, G6ttmgen and F. Skvaril, Berne. 

A subcolony of C albzcans strata CBS-2730 was kindly prowded by Profes- 
sor F. Stmb, Berhn. Other stratus of C albzcans were clmmal isolates handled m 
this institute. The kit of the mdtrect hemagglutmatmn test for the detectmn of 
antl-C alb~cans antlbodms was obtmned from Roche, Basle, two C alb~cans 
antigen preparatmns (antlg~ne m~tabohque, antigone somat lque)were  from 
Instltut Pasteur, Paris, and C albtcans antigen preparatmn for skin tests was ob- 
tinned from Wulfmg/Beecham, Neuss, F.R.G. CytoplasIhatm protein antigens 
and suitable antlsera were provided by Dr. D. Gunesch, Frankfurt, F.R.G. 
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Methods 

Cultwatzon C alb~cans was grown for 4 days at 26°C in a 10 1 fermentor  
with bowne serum albumin as a mtrogen source [3]. Alternatively, a broth con- 
tammg 1% bovine hemoglobin,  1.2% yeast  carbon base and 0.1% (v/v) Protovlta 
was employed.  The broth was sterilized by filtration and was adjusted to pH 5 
prior to inoculation of  yeast. After 4 days the content  of  the fermentor  was 
adjusted to pH 6.8 and cells were removed by  centrifugatlon (4000 × g for 60 
mm). 

Pur~f~catzon o f  the enzyme Sodium azlde (0.02% w/v) and PMSF were 
added to the supernatant that  was concentrated by poly(ethylene glycol) 
dialysis down to approx. 1 1. Subsequently the concentrate was dialyzed agmnst 
citrate buffer  (10 mM, pH 6.8) containing 0.02% NaN3 and 1 mM EDTA and 
was adsorbed onto DEAE-ceUulose. The column was developed stepwlse with 
0.2 M citrate buffer  (pH 6.3). Fractions with enzymatic activity were located 
by azocoll assay, pooled,  dialyzed against 10 mM citrate buffer, pH 6.8, and 
adsorbed onto  a second DEAE-ceUulose column that was handled as described 
above. After subsequent  gel filtration through beaded polyacrylamlde 
(Sephacryl S-200), protease was concentrated up to 5 mg/ml by nitrogen pres- 
sure dialysis. Homogenei ty  of  the enzyme was tested by  gradmnt gel electro- 
phoresls [8].  The concentrated enzyme was stored at --60°C in presence of  
10% glycerol or it was freeze-dried from 0.2 M citrate buffer,  pH 6.3, wi thout  
apparent loss of  activity. 

Alternatively, an affinity column was employed with pepstatln linked to 
aminohexyl-Sepharose-4B [9].  The sample was adsorbed to the column (10 × 
0.7 cm) m 0.2 M citrate buffer,  pH 6.2, and 1 M NaC1 and was desorbed with 
0.1 M Trls-HC1, pH 8.1, and 1 M HC1. 

Enzyme assays The azocoll assay was employed for localization of enzymatic 
activity [10,11] .  Quantitative determination of  protease was performed with 
hemoglobm (1%) as a substrate. After precipitation by trlchloroacetm acid (4% 
final concentrat ion) and centrlfugation, soluble peptldes remaining m the 
supernatant  were measured directly at 280 nm as well as by  the Lowry proce- 
dure [12].  One unit  of  enzymatic activity was defined arbitrarily as the amount  
of  enzyme that released the color equivalent of  1/zM of  tyroslne/mm from 
hemoglobin under standard condltmns as measured by the Lowry procedure 
[12] with tyroslne and serum as standards. Hydrolysis of  N-acetylphenyl- 
alanyl-L-dnodotyrosme [ 13 ] was measured accordmg to Becker and Rapp [ 14 ]. 

Proteolyszs m hqu~d cultures Yeast carbon base medmm was prepared at pH 
4.5 and 7 with various proteins as a mtrogen source. Such protems were human 
transferrln, human ~-1 antltrypsln, human a-2 macroglobulm and horse ferritln. 
After 4 days at 26 and 37°C, cells were separated by  centrffugatmn and 
allquots of  the supernatant were analyzed electrophoretmally.  

Electrophoreszs Mlcroelectrophoresls m polyacrylamlde gel gradients as well 
as electrophoresls m polyacrylamlde gel slabs was performed as described pre- 
vmusly [8,15].  Gels were either stained with Coomassm blue-R [8] ,  or they 
were stained for glycoprotems with alclan blue [18] and basic fuchsm [17].  

Isoelectrzc focusing Isoelectnc focusmg in granulated gel was performed 
accordmg to Radola [18].  After complet ion of  the run and de te rmmatmn of 
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the pH-proflle, fractions were adjusted to neutrahty Immediately m order to 
prevent further autodlgestlon of the enzyme. 

Identzf~catzon of  enzyme after electrophores~s Protease samples were sepa- 
rated m polyacrylamlde gradmnt gel slabs at pH 6.7, employing a continuous 
buffer (25 mM sodmm phosphate).  Pilot strips were stmned directly with 
Coomassm blue The middle portion of the gel was shced mto fractions of  
3 mm width. The fractions were homogemzed and were made up to 0.3 ml 
with substrate solution (1% bovine hemoglobm 0.1 M citrate buffer, pH 3). The 
samples were placed on a vibrator for 30 mm, then the pH was corrected to 
approx. 3.5 for subsequent protemase assay. 

pH optimum The pH opt imum of  Candlda protease was determined m 0 2 M 
sodmm cltrate-HC1 buffer of  pH 2--6 with bovine serum albumin or hemo- 
globin as substrate. The pH opt imum m presence of  a denaturant  was tested m 
the presence of 6 M urea with casein as a substrate [19].  For each pH step, 
blanks were measured separately. 

Stabdzty o f  Cand~da protease The effect of  basra pH on the stability of  
Candlda protease m solutmn was tested by exposure of  enzyme to 50 mM Tns- 
HC1 buffers (pH 8.12, 8.38, 8.55, 8.72, 8.89, 9.18, 9.3) for 30 mm at room 
temperature prior to protemase assay at pH 3.5. 

Purffmd enzyme was frozen at --15°C and --60°C. Protectmn of the enzyme 
agmnst freeze damage was tried by addition of different concentratmns of  
glycerol, ethylene glycol or Triton X-100. 

The stability of  Candlda protemase agmnst mcreasmg temperature was tested 
by 10 mm mcubatmn m a water bath m presence of  either 0.1 M sodmm 
citrate, pH 6.6 or pH 7.0, or 0.1 M Tris citrate, pH 7.5. Residual enzymatm 
activity was tested at pH 3.5. 

The actmn of non-lomc detergents (Triton X-100, Tween-80 and Nomdet  
P-40) as well as the anmnm detergent SDS on purffmd Candlda protease has 
been tested with detergent concentratmns ranging from 0.01% to 1% (v/v). The 
enzyme was incubated with detergent at neutral pH (5 h, 22°C) prmr to pro- 
temase assay. The assay was modffmd according to Retz et al. [20] when SDS 
was employed.  

Analysts o f  terminal amino acids The N-terminus of  Candlda was determined 
by the method of Chang et al. [21].  Recrystalhzed 4-N,N-dlmethylammo-azo- 
benzene-4'-lsothmcyanate reagent was used for labehng of  the N-termmal 
amino acid, whmh was ldentffmd by mmro thin-layer chromatography on poly- 
amlde foils (3 × 3 cm), 4-N,N-dlmethylammoazobenzene-4'-thmcarbamyl- 
(DABTC)<hethylamme and DABTC-ethanolamme were employed as markers 
[22].  

For  determmatmn of the C-terminus, cleavage of Candlda protease with 
trypsm-free carboxypeptldase-A was performed [23].  

Amino acid analysis was performed m an automatm amino acid analyzer 
(Bmtromk) accordmg to Moore [24].  

Inhzbztors EGTA (final concentration 1 mM), PMSF (final concentratmns 0.1 
and 1 mM) and o-phenanthrolme at a final concentratmn of  1--4 mM were used 
according to Sapolskl et al. [25].  Pepstatm was added from an alcohohc stock 
solutmn (1 mg/ml) at final eoncentratmns rangmg from 10-4--10-1° M [26].  
Dlthmthreltol was apphed at fmal concentratmns between 1 and 100 mM, 
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N~ethylmalelmlde was used at a final concentrat ion of  5 mM [27] and 
benzamldlne at 10 mM [28].  

A pH profile of inhibition was measured employing dlazoacetylnorleucme 
methyl  ester (DAN), 1,2-epoxy-3p-nltrophenoxy propane (EPNP) and pep- 
statm as described by  Kaehn et al. [29].  The final concentrations of  mhlbltors 
during prelncubatlon with the enzyme were. DAN 1 mM, EPNP 10 mg/ml and 
pepstatln 0.1 mM. Prelncubatlon was performed at room temperature for 10 
and 60 mln, respectively, In the pH range of  3.2--9.5 with punfled protemase 
at 10 ~g/ml final concentration.  

Inhibition of  Candlda protemase by  human ~-2 macroglobulm was tested by  
mcubatmn at 22°C for 10 h at pH 3.45 and pH 6.0, residual enzymatic activity 
was tested with albumin as a substrate. 

Kinetic experiments Kinetics were measured at pH 3 0 with bovine serum 
albumin as a substrate at concentrations between 0.8 and 20 mg/ml; the 
enzyme concentratmn was constant  at approx. 1 /~g/ml. Data were plot ted 
according to Llneweaver and Burk [30].  Inhibition kinetics were measured at 
constant  substrate concentrat ion and varying pepstatln concentrations ranging 
between 10 -1° and 10 -s M. The data were plot ted according to Dixon [30].  

Sto~ch~ometry of the pepstatm-protemase bond According to Knight and 
Barrett [31],  the linear port ion of  a plot  of  enzymatm act lwty vs pepstatln con- 
centration was extrapolated and its mtercept  with the x-axis was taken as the 
point  of  equivalence. At a known protein concentrat ion of  the enzyme and 
with its molecular weight as derived from SDS-polyacrylamlde gel electro- 
phoresls, the molarlty of  the enzyme solution was calculated and compared 
with the molar concentratmn of inhibitor at the point  of  eqmvalence. 

Tryp~mogen kmase actwzty Conversmn of  trypslnogen into trypsin by 
Candlda protelnase was determined essentially as described by  Hofmann et al. 
[32].  The incubation of trypslnogen and Candlda protemase was performed at 
pH 3.5 and the subsequent  casem assay was performed at pH 7.9. 

Milk clotting Clotting of  milk by different amounts  of  protease was tested 
at pH 5.5 [33].  

Ant~sera Antlbodms against purified protease were raised in rabbits by 
repeated subcutaneous injections of  active enzyme in Freund's  adjuvant at pH 
6.6. 

Results 

Punfzcatmn of acid protemase 
In a typical experiment  the culture supernatant contmned 0.047 umts/ml  of  

enzymatm activity. After repeated DEAE-cellulose chromatography,  fractions 
contained up to 2.6 and 76 U / m l ,  respectively. The specific activity was rinsed 
accordingly from 0.04 U/mg to 24 U/mg. Residual hemoglobin fragments were 
removed by  affini ty-chromatography,  thus speclfm activity was rinsed to 
approx. 40 U/mg, entailing a 1000-fold purification. 

Due to solubility problems proteolyt lc  activity could no t  be measured with 
azocasein [34] or related substrates. Serum albumin, azocoll [11] and hemo- 
globin [35] proved to be useful, although occasional precipitation of  the latter 
prevented its application m kmetlc measurements.  
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Fig 1. Phe rog rams  of  c o n t i n u o u s  p o l y a c r y l a m l d e  grad ien t  gels ( 3 - - 2 0 % T ,  2 5% C) a f t e r  disc gel e lec t ro-  
phoresLs m presence  of  0 1% SDS a nd  s u b s e q u e n t  Coomass~e b lue  s t a lmn g  (a) Canchda p r o t e m a s e  as 
de so rbed  f r o m  the  s econd  DEAE-cel lu lose  c o l u m n ,  the  sample  was  boi led  br ief ly  m presence  of 1% SDS 
and  1% (v/v)  m e r c a p t o e t h a n o l  (b) Mixture  of the  same sample  wi th  s t a n d a r d  p r o t e m s  F S, f e r n t m  sub- 
un i t ,  M r 18 500 ,  L,  lac t ic  d e h y d r o g e n a s e  s u b u m t ,  M r 36 0 0 0 ,  C, catalase s u b u m t ,  M r 60  0 0 0 .  B. b o w n e  
s e rum  a l b u m i n .  M r 68 0 0 0 ,  TS,  t h y r o g l o b u h n  s u b u m t .  M r 330 0 0 0 ,  F.  f e r n t m ,  M r 4 4 0  0 0 0 ,  T .  t h y r u -  
globuhn0 M r 6 6 9 0 0 0 ,  E,  e n z y m e  ( p r o t e m a s e )  (c) P h e r o g r a m  of a 10 /~1 p o l y a c r y l a m l d e  g rad ien t  gel 
(1 - -33% T, 2 5% C) a f t e r  SDS-chsc gel e lec t rophores l s  of  Cand~da p r o t e m a s e  tha t  h a d  b e e n  fu r t h e r  pur l -  
f led by  gel fdtrat~on t h r o u g h  Sephacryl -S  200 The  e n z y m e  consists  of  a single p o l y p e p t l d e  c h a m  

Fig 2(a)  P h e r o g r a m  of Canchda p ro t e lnase  a f te r  gel g rad ien t  e l ec t rophores l s  m a chscon tmuous  b u f f e r  
s y s t e m  of p H  8 5 and  subsequen t  s t a tmng  v~th  Coomass le  b lue  The sample  is ident ica l  wi th  the  s ample  of  
Fig l a  The  m a j o r  p e a k  is an  m a c t l v e  aggregate  t h a t  co rmgra t e s  w i th  bov ine  s e ru m a l b u m i n  (M r 68 0 0 0 ) ,  
it  is caused by a lka lme  dena t t t r a t lon  m the  course  of e l ec t rophores l s  ( c o m p a r e  Fig 2c)  A n ~ n o r  peak  (v )  
~s le f t  m the  pos i t ion  of  the  act ive  e n z y m e ,  fas ter  p o l y p e p t l d e s  are  posstbly due  to  autolysLs ( c o m p a r e  2b)  
(b) P h e r o g r a m  of an  e lec t rophores t s  of  Candlda  p r o t e m a s e  u n d e r  cond i t ions  as in Fig 2a ,  the  sample  has  
b e e n  t r e a t ed  w~th an  excess  of  p e p s t a t m  pr ior  to  s epa ra t ion  The  single p e a k  r ep re sen t s  the  reac t ive  
aggregate  only  (c) ElectrophoresLs of Cand~da p r o t e m a s e  u n d e r  concht lons  as m Fig a an d  b.  Prior  to  
separa t ion ,  the  sample  h a d  been  d e n a t u r e d  by  exposu re  to  p H  9 5 (2 h a t  r o o m  t e m p e r a t u r e )  Th e  ma~or 
p e a k  is the  inac t ive  aggrega te ,  the  shou lde r  ( , )  is due  to  au to lys i s  t h e r e  Is less decay  t h a n  m Fig 3a,  this  
is poss ibly  due  to  the inc reased  speed  of d e n a t u r a t m n  
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Electrophores~s pattern of Cand~da protemase 
Under conditions of SDS-polyacrylamlde disc gel electrophoresls [15,36] a 

major peak of approx. Mr 45 000 was revealed (Fig. 1). A comparable positron 
was reached by the enzyme upon electrophoresls under non-denaturing con- 
dlhons (compare Fig. 3). When active enzyme was submitted to disc gel 
electrophorems at pH 8.4 m absence of any detergent, a different pattern was 
observed. A major peak appeared which comlgrated with bovine serum albumin 
(Mr 68 000). This peak was accompamed by three peaks of lower molecular 
weight, the largest of them maintaining the approximate positron of the active 
enzyme (Fig. 2a). Due to alkahne denaturation of the enzyme, no proteolytm 
actlwty could be assigned to any one of these peaks. Addltmn of pepstatm to 
the sample prior to exposure to the pH 8.4 buffer system may prevent the 
sheddmg of low molecular weight proteins, although the shift of apparent 
molecular weight from 45 000 to 68 000 was not affected by presence of the 
inhibitor (Fig. 2b). 

If the active enzyme was premcubated under alkahne cond~tmns, the major 
peak of bowne serum albumin size was once more revealed and no polypeptldes 
of Mr 45 000 or less could be recognized (Fig. 2c). 

Identification of enzyme after gel electrophores~s 
Identffmatlon of the enzyme after electrophoresls m polyacrylamlde gradmnt 

gels under non-denaturing conditions reqmred the use of contmuous buffers 
well below the pH of alkahne denaturatmn. A smgle peak was obtmned that 
comlgrated with ovalbumm (Mr 45000); shcmg and subsequent protemase 
assay revealed a corresponchng peak of enzymatm activity (Fig. 3). 

Isoelectr~c pore t 
The ~soelectnc point of Cand~da proteinase was ldentlfmd by lsoelectrm 

focusing m beaded dextran gel [18], the pI was locahzed at pH 4.45 (Fig. 4). 
Initial failure of electrofocusmg experunents was due to alkalme denaturation; 
reproducible results can readily be obtmned ff the sample ~s apphed in the 
middle of the gel bed, provided wide range ampholytes are employed. Pro- 
longed focusmg causes self-digestmn of the enzyme, and thus has to be avoided. 

pH opttmum 
Candlda protemase displayed high enzymatm activity between pH 2.5 and 

3.9 when tested with hemoglobin as a substrate. The plateau of the pH 
optLrnum is narrower with bowne serum albumin [3] and it is shifted to pH 3.7 
if the assay is performed in the presence of 6 M urea with casem as a substrate. 
Under such denaturing conditions, no gross loss of enzymatm activity has been 
observed. 

Effect of detergents 
The effect of non-lomc detergents (Triton X-100, Tween-80, Nomdet P-40) 

and of SDS on purified Candlda protease was tested at detergent concentra- 
tions between 0.01 and 1% by Incubation at 37°C m phosphate-buffered saline. 
According to the azocoU and serum albumin assay, non-lomc detergents at 
0.1% (v/v) caused a shght improvement of activity, while SDS was tolerated at 
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Fig 3 Sect ion  of  the  densa tomet r lc  p ro fde  a f t e r  Coomass le  blue s t a tmng  of a c o n t i n u o u s  p o l y a c r y l a m l d e  
gel g rad ien t  (3 - -30% T,  2 5% C) a f t e r  e lec t rophores l s  of Candlda  p r o t e m a s e  m presence  of  a c o n t i n u o u s  
bu f f e r  s y s t e m  (25 m M  sochum p h o s p h a t e  p H  6 7),  the  pe rpen d i cu l a r  h n e  ( ) mchca tes  the  re la t ive  
pota t ion  of  o v a l b u n n n  (M r 44  0 0 0 )  A parallel  channe l  of  the  gel has been  shced ,  p ro t eo ly t l c  ac t iv i ty  
wi th in  the  slices as m e a s u r e d  by  h e m o g l o b i n  assay is mchca t ed  by  the  dashed  curve  ( - -  - -  ) 

Fig 4 Profile of  p r o t e o l y t i c  ac t iv i ty  as m e a s u r e d  by  the  azocol l  assay of  Candlda  p r o t e m a s e  a f te r  e lec t ro-  
focus ing  m granu la ted  gel e m p l o y i n g  na r row-range  c a r n e r  a m p h o l y t e s  (pH 4 - -6 ) ,  the  dashed  h n e  repre-  
sents  the  p H  grad ien t  Crude  cu l tu re  s u p e r n a t a n t  a f te r  c o n c e n t r a t i o n  an d  dmlysLs against  10 m M  ci t ra te  
b u f f e r  (pH 6 5)  was  used  as a sample  A single peak  of  e n z y m a t i c  a c t lm ty  was  d e t e c t e d  at  p H  4 5,  an  
ident ica l  resul t  has  been  ob t a ined  a f t e r  focus ing  m a p H  grad ien t  of 2- -11  

0.01% (w/v), it caused a decrease of  25% of actwlty at 0.1% (w/v) and it 
destroyed all actwlty at 1% w/v within a few mmutes 

Thermal stabdtty 
After 10 mm of mcubatmn at varmus temperatures,  the course of  denatura- 

tmn of Candlda protemase at pH 6.6, 7.0 and 7.5 was monitored.  The result 
indicates an increased thermal sensltwlty above pH 7.0 when the pH 
approaches the value where alkahne denaturation takes place at room tempera- 
ture (pH 8.45). Thus, at 37°C only 15% of the mltml actwlty was left at pH 7.5 
as compared to 95% at pH 6.6 and 7.0. At 45°C virtually all actwlty was 
destroyed at any pH tested. Electrophoretm analysis of such thermally dena- 
tured protemase revealed a slgnffmant degree of  autolysis following the confor- 
matmnal change assocmted with alkalme denaturatmn. 

A lkahne denaturatmn 
Like other protemases of  the carboxyl type,  Candlda protemase was found 

to denature ~rreverslbly at alkahne pH. There seems to exist a weU-defmed pH 
step (8.4--8.5) at which the enzyme at room temperature undergoes such 
denaturation, which is a fast process being complete  within a few minutes. 
Denaturation results m aggregation of  the enzyme, the single molecular species 
formed possibly represents an elongated dlmer (Fig. 2). If the inhibitor pep- 
statm was present m excess dunng the process of  aggregation, such dlmers 
wrtually appeared as a single peak upon gel gradmnt electrophoresls, while 
accompanymg polypeptldes of  lower molecular weight were always present to 
a varymg extent  if the inhibitor was absent (Fig 2a, b). Thus alkaline denatura- 
tion mcludes formation of an enzymatmally lnactwe dlmer that  undergoes 
autolytlc degradation. 
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Fig  5 D e t e r m i n a t i o n  o f  t h e  N - t e r m i n a l  a m i n o  ac id  o f  C a n d l d a  p r o t e m a s e .  (a) C h r o m a t o g r a p h m  s e p a r a -  
t i o n  o f  t h e  4 - N , N - d ~ m e t h y l a m m o a z o b e n z e n e - 4 ' - l s o t h m c y a n a t e  l abe l ed  r e a c t a o n  p r o d u c t  o n  3 0  × 3 0  m m  
m i c r o  p o l y a m l d e  foi l  ( s e c t i o n ) ,  a c e t i c  a c id  (33% m H 2 0 )  w a s  u s e d  as  a so lven t  m t h e  h r s t  d i m e n s i o n  a n d  
t o l u e n e  h e x a n e  a c e t i c  a c i d  (2 + 1 + 1) w a s  e m p l o y e d  m t h e  s e c o n d  d i m e n s i o n ,  t h e  s t a r t  w a s  a t  t h e  
l o w e r  l e f t  c o r n e r  A single  r e d  s p o t  w a s  o b t a i n e d  (*--), t he  a c c o m p a n y i n g  s p o t  Is a b lue  4 - N , N - ( h m e t h y l -  
a r m n o - a z o b e n z e n e - 4 t - t h z o c a r b a m y l  ( D A B T C )  b y - p r o d u c t ) .  Co) S e p a r a t s o n  u n d e r  sden t l ca l  c o n d i t i o n s  o f  
t h e  b lue  c o m p o u n d s  D A B T C - e t h a n o l a m m e  (E)  a n d  D A B T C - d l e t h y l a n n n e  (D) ,  t h e  s p o t  a t  t he  t o p  is 
u n r e a c t e d  4-N,N~chmethylammoazobene-4'-lsothzocyanate (c) S e p a r a t i o n  u n d e r  l den taca i  c o n d i t i o n s  o f  a 
r m x t u r e  o f  t h e  m a r k e r s  (D,  E)  a n d  the  N - t e r m i n a l  a m i n o  a c i d ,  w h i c h  is D A B T C - t r y p t o p h a n  ( R e f  2 2 )  

Fxg 6 G l y c o p r o t e m - s p e c i h c  s t a i n i n g  o f  C a n c h d a  p r o t e m a s e  a f t e r  chsc e l e c t r o p h o r e m s  m c o n t i n u o u s  p o l y -  
a c r y l a m z d e  g~achent  n u c r o - g e l s  ( 1 - - 3 3 %  T, 2 5% C) The  s a m p l e  u n d e r w e n t  a i k a l m e  d e n a t t t r a t l o n  m t h e  
c o u r s e  o f  e l e c t r o p h o r e s s s  a t  p H  8 8 (a)  S c a n  a f t e r  p e n o c h c  a c l d - S c h l f f - s t a m m g  CO) S c a n  a f t e r  s u b s e q u e n t  
s t m m n g  of  gel  a w i t h  Coomassxe  b lue  T h e  gel h a d  b e e n  c u t  (A) b e t w e e n  b o t h  perxochc ac ld -Schs f f -pos l t lve  
p e a k s  (A,  B) p r i o r  t o  t he  s e c o n d  s t a r t i n g  t o  a l l o w  f o r  l d e n t l h e a t a o n ,  b o t h  p e a k s  r e a p p e a r e d  a t  a c o m -  
p a r a b l e  r a t i o  o f  i n t ens i t i e s ,  a d d l t i o n a i l y  t h e  p e a k  o f  a sma l l e r  p o l y p e p t l d e  (C) a p p e a r e d  Peaks  B a n d  C 
r e p r e s e n t  p r o d u c t s  o f  a u t o l y s i s ,  a p p a r e n t l y  p e a k  B car r ies  t he  s u g a r  m o i e t y  o f  t he  e n z y m e  (A)  (c) S c a n  
a f t e r  a i c l an  b lue  s t a i n i n g  In  t h i s  i n s t a n c e ,  e n z y m e  h a d  b e e n  t r e a t e d  w i t h  0 1% SDS p r i o r  t o  e l ec t ro -  
p h o r e m s  T h e  a h g n m e n t  o f  gel (C) Is o n l y  t e n t a t i v e  N o  a i c l an  b lue  s t a m e d  p e a k  w a s  d e t e c t e d  i f  t h e  SDS 
t r e a t m e n t  w a s  o m i t t e d  

C- and N-termznus 
Enzyme samples that  were electrophoretlcally pure were submitted to the 

method  of Chang [21] for determination of the N-termmal amino acid. By 
comparison with the standard pat tern of  Chang, the N-terminus has been 
identified as t ryptophan (Fig. 5). The determmatlon of  the C-terminal amino 
acid was performed according to Nirata et  al. [23].  After two different mcuba- 
tlons with carboxypept ldase a, the following amino acids were identified with 
the amino acid analyzer. 

L e u  T y r  Ile L y s  Phe  
1 0  m m  37  6 3  m M  8 0 7 0 8  3 , 7 1  2 17  
5 0 m l n  5 3 9  m M  2 0  2 3  1 6  8 5  8 0 7  3 6 2  

Glycoprotezn stammg 
Cand]da protease is a glycoproteln as has been proven by stmnmg with sugar- 

specific dyes [16,17] .  Comparison of such patterns with Coomassm blue 
stained peaks revealed a specific distribution of  sugar residues among the auto- 
lytlc fragments of  the enzyme (Fig. 6). 



108 

Kmetzcs and mhzb~tton 
Kmetlc properties of Candlda protelnase have been tested with bovine serum 

albumin as a substrate at pH 3.0, when plot ted according to Lineweaver and 
Burk [30],  a linear function was obtmned with an x-mtercept  indicating an 
apparent Km m the range of  7 - 1 0  -s M. The kinetics in presence of  the 
inhibitor pepstatln were tested at pH 3.0. Inhibition of Candida protemase 
was tested by  titration with pepstatin at pH 3.2. The results were plot ted 
according to DLxon [30] and yielded a bIphasic curve. When plot ted according 
to Knight and Barrett [31],  extrapolation of  the initial linear port ion of  the 
curve yielded an x-intercept m the proximity of  20 nM of pepstatin (Fig. 7). 
On the assumption that both  enzyme and Inhibitor were pure and at a known 
concentration of the enzyme (0.91 pg/ml), the molecular weight of  the enzyme 
(45 000) was confirmed and equymolar bmdmg of the enzyme and the inhibi- 
tor may be assumed. 

Neither dlazoacetyl-DL-norleucine methylester  nor 1,2-epoxy-3-p-mtro- 
phenoxypropane [29] effectively inhibited the enzyme, although their mode  
of bmding to either of  the two critical aspartm acid residues of  acldm proteases 
is considered to be covalent [37].  

Treatment of Candida protease by a commercial preparation of  human a-2 
macroglobulIn at pH 3.45 and 6.0 did not  cause any significant degree of 
inhibition at various ratios of  concentration rangmg from equimolar conditions 
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Fig 7 Inhlbzt lon of  Cand~da p r o t e m a s e  by  p e p s t a t m  Hydro lys i s  of  s e r u m  a l b u m i n  (10 m g / m l ) b y  
Canchda p r o t e m a s c  (0 91 /~g/ml) was  m e a s u r e d  a t  p H  3.2 an d  37°C The  assay was  s t a r t ed  b y  add i t i on  of  
e n z y m e  to a m i x t u r e  of  substxate a nd  p e p s t a t m  a t  var ious  concen txa t lons  of  the  m l n b l t o r  (P) T n c h l o r o -  
ace t ic  acid-soluble p r o d u c t s  of  p ro teo lys l s  we re  m e a s u r e d  a t  280  n m  (A)  Each  p o in t  r ep resen t s  the  m e a n  
of  fou r  d e t e r m i n a t i o n s  The  l inear  r eg re s smn  of six po in t s  a t  the  le f t  was ca lcu la ted ,  the intercept of th~s 
l ine w i th  the  abscissa (A) ind ica tes  the  po in t  of  e q m v a l e n c e  
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to 6-fold molar excess of  macroglobulm. Electrophoresls under non-denaturmg 
conditions revealed total  hydrolysis of  the inhibitor at pH 3.45 and partial 
cleavage at pH 6.0. 

Clotting 
After 5 mm of incubation at 35°C, Candlda protemase at a concentrat ion of  

0.01 mg/ml was found to clot fresh milk at pH 5.5, thus in our hands it is 
approximately as efficient as porcine pepsin. 

Trypsmogen kmase actw~ty 
Bovine t rypsmogen was premcubated at 35°C and pH 3.5 for different tnne 

mtervals from zero to 30 mm with Candlda protemase. Ahquots  of  this digest 
(first stage) were mixed with casein substrate and were incubated at pH 7.9 for 
different time intervals in the second stage. At approx. 10 ~g/ml of  Candlda 
protease and a 50-fold molar excess of  t rypsmogen,  t ryptic  activity was raised 
approximately 40-times by  10 mm incubation in the first stage of  the experi- 
ment  

N-A cety lphen y lalan y l-L-duodo ty rosme 
Hydrolysis by  Candlda protemase of  the synthetic pepsin substrate N-acetyl- 

phenylalanyl-L-dnodotyrosme (ADP) was tested at pH 3.2. For comparison, 
equlmolar samples of  porcine pepsin were employed with the same substrate at 
pH 2.0 [ 13,14].  According to these experiments,  the molar catalytic activity of  
pepsin is at least 20-times higher as compared with Candlda protemase. 

Proteolys~s o f  some mammahan proteins 
Candlda protease cleaved human transferrm, a-1 antl trypsm, a-2 macro- 

globulm and both  IgAl and IgA2-myeloma proteins; the light chains, though, of  
these Lrnmunoglobuhns, were no t  cleaved. So far only horse ferntm has been 
found to be fully resistent against Candlda protemase at pH 3.5. 

Immuno logy  
Antlsera against purified Candlda protelnase were ehcited m rabbits. Such 

antisera produced precipitates with active protemase as well as with protemase 
after alkalme denaturation.  The antlsera did not  react with a commercial poly- 
saccharide antigen from Candlda cell walls (Candida HA-test, Roche,  Basle) 
[38] ,  nor did they react with both  the metabohc and the somatic Candida 
antigen of  the Pasteur Institute. Negative reaction was also observed with the 
Candida antigen of  Beecham, Neuss. Antmera agamst Candida protemase did 
not  react with two pro tem antigens from C albtcans that  had been isolated 
previously from lysed yeast  cells [39] .  

Discussion 

Carboxyl protemases (EC 3.4.23.6) have been molated from various fungal 
species preferentially belonging to the genus Aspergdlus and Pen~cdhum [40].  
From the medmal point  of  view, the acid proteinase of  the yeast  C alb~cans is 
of special interest, since it may be related to the pathogenicity of  certain strains 
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of th:s 'opportumst' [4--6]. Although a protemase of C albzcans has already 
been partially characterized [3], we have re-invest:gated its propert:es 
employing methods that were not available for the prevmus study. Purification 
of Candlda protemase has been nnproved m the hght of the determmatmn of 
its :soelectrm pomt, by recogmtlon of :ts mh:b:tlon by the group-specffm pep- 
t:de pepstatm [26], and by the detectmn of its hm:ted stabfl:ty m the alkalme 
pH range. 

Electrophoretm analysis of enzymatmally active enzyme has been performed 
at neutral pH. A single protein specms of such preparations has been ldentlfmd 
to bear enzymatm activity (Fig. 3). 

Apparently, tryptophan and leucme are the N- and C-terminal residues, 
respectively. Tryptophan is not present m the N-terminal sequence of cathep- 
sm-D from hog and beef, nor does it occur m the N-terminal sequences of 
bowne and porcine pepsm and of some mmroblal carboxyl protemases [41]. 
Upon SDS-polyacrylamMe gel electrophores:s the single pept:de chain of the 
enzyme revealed a molecular weight m the range of 45 000. This is m the range 
of the different var:ants of Aspergdlus oryzae protemases [42]. 

The lsoelectrm point of CandMa protemase has been determined m the pH 
range of 4.4--4.5, thus, :t :s located between the variants of cathepsm-D (pH 
5--7) [43] and the Aspergfllus proteases (pH 3.7--4.3) [44]. The substrate 
specffmlty and the pH optimum of CandMa protemase have been investigated 
prewously [3]. In addltmn, we found an extended pH optimum of the enzyme 
vs. hemoglobin; th:s :s possibly due to the poor solub:hty of bovine serum 
albumin m the vmm:ty of its lsoelectric point (pH 4.8). As has been shown with 
cathepsm-D (Ref. 43), Candlda protemase is quite stable m 6 M urea and 
cleavage of casem under such condltmns is observed up to pH 5.5; such shift 
has been ascribed to destabfl:zatmn of the enzyme structure [43]. 

CandMa protemase and :ts denaturatmn products are glycoprotems as has 
been demonstrated by stmnmg with the penodm acld-Schiff-procedure and by 
alclan blue [16,1'7]. Th:s corresponds with data from Aspergdlus oryzae pro- 
temases [44] and from cathepsm-D [43]. 

The mhlblt:on of Cand:da protemase by the group-specffm inhibitory penta- 
peptlde pepstatm [26], as well as its resistance to mh:bltory agents that are 
specffm for other types of protemase allows for classffmatmn, thus the enzyme 
belongs to the group of carboxyl protemases (EC 2 4.23.6) [35] 

The analysis of the bmdmg kmetms of pepstatm to Candlda protemase is 
hampered by the strong enzyme-mh:bltor bond [45]. Plots of enzyme actlwty 
vs. pepstatm concentratmn at constant substrate concentratmn according to 
Dixon [30] ymlded bent curves, blphasm plots have also been demonstrated 
with other carboxyl protemases [29,31]. 

The point of equivalence between the enzyme and pepstatm was est:mated 
according to Kmght and Barrett [ 31]. An equlmolar ratm of bmdmg was found 
(Fig. 7), whmh :sm agreement with findings from related enzymes [26,29,31]. 

Dmzoacetylnorleucme methyl ester and epoxy-mtrophenoxypropane [37] 
did not :nhlblt Cand:da protemase. This conf~rms prevmus results with Candlda 
protease [3] and related proteases of mmroblal ongm [46]. 

Alkahne denaturatzon of  Cand~da protemase 
A pecuhar feature of carboxyl protemases is the:r Lrreverslble denaturatmn m 
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the neutral to moderately alkalme pH range [14].  Cand:da protemase denatures 
at pH 8.4--8.5, the mmal  step according to electrophoretm analysis seems to be 
dlmenzatmn;  no h:gher ohgomer has been observed. The dlmer is enzymatmally 
mact:ve: it undergoes autolysis, though, that  can be inhibited by  pepstatm Pos- 
sibly, homologous  sites of  the monomers  are mvolved m the aggregation, these 
sites may mclude the active s:te of  the enzyme. The d:mer does not  m:grate hke 
a globular partmle of  Mr 90 000, rather it behaves hke a part:cle of  Mr 70 000 
upon gel electrophoresls. Th:s discrepancy may be explmned by  presence of  an 
elongated d:mer, that  undergoes ahgnment upon staving m the gel matrix. 

At tempts  to prevent dlmer:zatlon and to recover enzymatm actlv:ty from the 
d:mer by  d:ssoclatlon have failed so far. Autolys:s that  causes release of poly- 
peptldes smaller than Mr 40 000 occurs m the course of  alkaline denaturatmn, 
it can be prevented by addltmn of pepstatm (compare Figs. 2a and b). Our 
purffmd enzyme proved quite stable upon freezing or freeze-drymg, loss of  
act :wty that  has been ascribed to such treatment  of  the enzyme [3] was rather 
due to alkahne denaturation of  the enzyme. CBS-protemase was stable upon 
exposure to non-mnm detergents; the anmnm surfactant SDS, though, caused 
rapid mactlvatmn at a concentratmn of approx. 0.1% (w/v). 

Hydrolysis of purified proteins 
Among those serum proteins that  proved to be susceptible to proteolysls by 

Candlda protelnase, there are two protemase mhlbltors, namely a-1 ant:trypsin, 
whmh by concentratmn is the most  :mportant  (serme) protemase inhibitor m 
serum [47] and a-2 macroglobuhn. The latter is of  partmular interest smce :t is 
considered to be an mh:bltor of all four types of  protemase [48],  hence it 
might be the only non-antibody inhibitor of  Candlda protemase m human 
serum. Employing punfmd macroglobuhn, though, no slgmfmant inhibit:on of  
Candlda protemase was found. While other mmrobml pathogens w:th prefer- 
ence for mucous membranes produce a protemase that  :s specffm to IgA~ only 
[49,50] ,  C albzcans protemase can cope with the structurally different IgA2 
molecule as well [51].  

Recent ly hydrolysis of  sahvary proteins by Candlda protemase at acld:c pH 
has been communicated [6].  With IgA2 myeloma protein we recogmzed 
proteolysls even at neutrality. This finding appears to be slgnffmant, smce the 
IgA~- and IgA2-subtypes are distributed at a 1 1 ratm m secretory IgA frac- 
tmns [50];  it possibly explmns the data of  Budtz-Jorgensen [4],  who found a 
positive relatmnshlp between incidence of  gmglval stomat:tls and mfectmn w:th 
proteolytm Cand:da. 

CandMa protemase did not  digest horse ferritm nor did the yeast  hquffy 
gelatin. The inability to hydrolyze gelatin is a feature of mammalian cathep- 
sm-D that is not  shared by the pepsins [46].  

Candlda protemase cleaves the pepsm substrate N-acetylphenylalanyl-L- 
dnodotyrosme at a very low rate, it thus resembles the porcme pepsm subtype 
C the denaturatmn of whmh by alkali takes places above pH 8.5 [13];  this is 
close to the denaturatmn point  of  Cand~da protemase (pH 8.4) and differs from 
the other  pepsins that  denature at neutrahty.  

Trypsmogen kmase actw~ty 
Trypsmogen kmase act:v:ty has been demonstrated w~th carboxyl protein- 
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ases from different fungi such as Pemcdhum janthmellum [32],  Pemcdhum 
roquefortz [ 52] and Aspergdlus oryzae [42].  The trypsmogen klnase activity of  
Candlda protemase fits well into this pattern. Whether such activity can inter- 
fere with the regulatmn of serme protelnase achvlty in the host  orgamsm such 
as the clottmg system and the complement  system or whether  such activity 
may be important  for the mtracellular persistence of  C albzcans in macro- 
phages (Ref. 53), remains to be mvestlgated 

Immunology 
Cross reaction between four commercml Candlda antigens and antl-protem- 

ase sera has been tested; there was no reaction m any of  these expenments  nor 
did the sera react with two cytoplasmic proteins of  Cand~da that  had been 
isolated recently from lysed yeast cells [39].  

Candlda proteinase is only inhibited by a several-fold excess of  specific antl- 
bodms, this agrees with prevmus findings from cathepsm-D [43].  

Antlbodms in patmnts with manifest mycosis as demonstrated by the hemag- 
glutmatlon test (Roche, Basle) in some instances reacted with the protelnase 
antigen In one case presence of  the enzyme m a patmnt's serum prior to 
appearance of specific antibodies could be demonstrated lmmunologmally as 
well as by proteolysls assay. Whether presence of  Candlda protelnase itself can 
be mterpreted as an early sign of  sermus yeast  infection is presently under 
lnvestlgatmn. 

A paper on the dmgnostlc value of  purified Candlda protemase has very 
recently been pubhshed by Macdonald and Odds [54].  
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