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Summary 

Modyfmahons have been made to the previous punfmat lon procedure so that  
electrophoretlcally homogeneous acidic protease (EC 3.4.23.--) proenzyme of  
specific activity 800 unlts/mg may be isolated from human seminal plasma with 
a yield of over 50%. The mtrmsm fluorescence of  the proenzyme shows maxi- 
mum excitation and emission wavelengths at 280 and 340 nm, respectively, 
typmal of proteins contmnmg tryptophan.  Complete activation causes a 
30--35% decrease m lntrlnsm fluorescence, accompanied by a shift in kmax to 
the blue of  4--6 nm. Time course studies indicate that  acidification of pro- 
enzyme to pH 3.1 leads to a sudden large decrease m fluorescence that  precedes 
both the appearance of active enzyme band on sodmm dodecyl sulphate (SDS)- 
polyacrylamlde gels and the generatmn of  enzyme activity as detected by the 
turbldlmetnc milk clotting assay. These results suggest that  acidification causes 
a rapid conformatlonal change whmh promotes the release of  the achvatlon 
peptlde from the proenzyme to yield the active enzyme. 

Introduct ion 

Previous reports from this laboratory [1--4] have described the purification 
and propertms of  an acidic protease (EC 3.4.23.--) from human seminal plasma. 
This enzyme resembles gastric pepsin m many respects, for example, m amino 
acid composition, low pH opt imum and inhibition by active-site-directed dlazo 
and epoxy compounds.  Furthermore,  the acidic protease is present in seminal 
plasma as the reactive proenzyme form, whmh may be converted to the active 
form by exposure to acid. Physlologmally this might occur when semen is 

0005--2744/81/0000--0000/$02 50 © Elsevmr/North-Holland Blomedmal Press 



39 

deposited into the shghtly acldm (pH 3.5--4.5) environment of  the vagina [5].  
From the study of  the actlvatmn kmetlcs, a two-step actlvatmn mechanism 

has been proposed involving a pH-dependent  change m the conformatmn of the 
native proenzyme mto a form capable of  self-activation, followed by  the release 
of  an actlvatmn peptlde from the latter to form the active enzyme [3].  In this 
paper, we have used mtnnslc  fluorescence to demonstrate  the occurrence of an 
acid-reduced conformatmnal  change and have studmd the time sequence of  
such a change compared to the generatmn of enzyme activity and to structural 
changes detected by SDS-polyacrylamlde gel electrophoresls. To overcome 
problems m obtammg enough proenzyme for such studies, we have also modl- 
fred the pubhshed purffmatmn procedure [2,6] so that  a ymld close to 50% 
may be obtamed rather than the 10% prevmusly described. 

Methods 

Materials 
Pooled semen was collected from healthy volunteers and was centrifuged at 

1000 × g  for 30 mm at 4°C to remove spermatozoa The cell-free seminal 
plasma was stored at --20°C until use, whereupon it was thawed and clarlhed 
by centnfugatmn at 20 000 × g for 20 mm at 4°C. 

Improved punf~catzon procedure for aczdzc protease proenzyme 
The following steps were performed as rapidly as possible at 0--4°C. 
Step 1 Dzalyszs Pooled human semmal plasma was dialyzed agmnst 0.02 M 

sodmm phosphate buffer,  pH 6.5 and clanfmd by centnfugat lon at 30 000 × g 
for 30 mm. 

Step 2 DEAE-cellulose chromatography. The dlalysed, clarlfmd semmal 
plasma was apphed to a DEAE-cellulose column (4.2 × 45 cm), equlhbrated 
with 0.1 M NaC1/0.02 M sodmm phosphate buffer,  pH 6.5. The column was 
washed at a flow rate of  50 ml/h firstly with the same buffer  until the absor- 
bance at 280 nm was less than 0.05 umts, and then with a lmear gradmnt (600 
ml + 600 ml) of 0.1--0.7 M NaC1 m the same phosphate buffer.  Fractions of  
8.5 ml were taken and analyzed by measuring absorbance at 280 nm and milk 
clot tmg act lwty [7] (after activation). Fractions contmnmg protease activity 
were pooled,  dialyzed agmnst distilled water and lyophfllzed. 

Step 3 Sephadex G-IO0 chromatography. The lyophfllzed DEAE-cellulose 
pool  was dissolved m a mmnnal volume of water and applmd to a Sephadex 
G-100 column (3.9 × 95 cm), equilibrated with 0.1 M NaC1/0.02 M sodmm 
phosphate buffer,  pH 6.5. The column was eluted with the same buffer at a 
f low rate of  32 ml/h. Fractions of  8 ml were collected and analyzed by mea- 
surmg absorbance at 280 nm and milk clotting act lwty (after actlvatmn). Frac- 
tions containing protease act lwty were dialyzed against distilled water and 
lyophfllzed. 

Ahquots  from each purffmatmn step were kept  at  --20°C for further analysis 
of  enzyme act lwty by  the acid-denatured hemoglobin assay [8] ,  protein con- 
tent  by the method  of  Lowry et al. [9] ,  and puri ty by SDS-polyacrylamlde gel 
electrophoresls [10].  
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Fluorescence spectroscopy 
Fluorescence spectroscopy was carried out  m an Ammco-Bowman spectro- 

f luonmeter .  Excitation spectra were scanned at an emission wavelength of  340 
nm and emlssmn spectra were scanned at an excitation wavelength of 280 nm. 
In some expenments  fluorescence emlssmn intensity at 340 nm was measured 
with an excltatmn wavelength of  280 nm. Fluorescence mcreased lmearly with 
protem concentration up to a concentratmn of 0.2 mg/ml. 

Excztat~on and emission spectra of  aczdw protease before and after actwatton 
1 ml purlfmd proenzyme (approx. 0 12 mg/ml) in sodium phosphate buffer, 

pH 6.5 was plpetted into two matched fluorescence cuvettes. To the experi- 
mental cuvette, 0.1 ml 0.2 M H3PO4 was added to give a final pH of  2.7, and to 
the control cuvette, 0.1 ml 0.2 M sodmm phosphate buffer, pH 6.5 was added. 
After a 30 mln lncubatmn at room temperature, the fluorescence excltatmn 
and emlssmn spectra of  both samples were scanned. Four 0 1-ml ahquots were 
taken from each sample and stored in me for measurement of  milk clotting 
actlwty. Then the experimental sample was neutrahzed by plpettlng 0.5 ml 
acldffmd proenzyme into 4.5 ml 0.2 M sodmm phosphate buffer, pH 6.5, and 
the control sample was treated in the same manner. Fluorescence spectra were 
again scanned and samples were also used to assay for milk clottmg activity. 

Tzme course of  actwatton of  acidic protease at pH 3 1 
A stock solution of proenzyme was prepared by dissolving approx. 2 mg 

purlfmd proenzyme in 1 ml 0.02 M sodmm phosphate buffer, pH 6.5. A 0.3 ml 
sample of the stock proenzyme solution was added to 4.2 ml 0.05 M sodmm 
phosphate buffer, pH 3.0, mixed and mcubated at room temperature (final pH 
was 3.1). A control was prepared by adding 0.1 ml stock proenzyme solution 
to 1.4 ml 0.05 M sodmm phosphate buffer, pH 6.5. At various times of  mcuba- 
tmn,  the fluorescence emission mtenslty at 340 nm of the acldlfmd proenzyme 
solution and of  the control were measured. In addltmn, at varmus times, 0.5 ml 
of the acldffmd proenzyme solutmn was plpetted into 0.6 ml 0.2 M sodmm 
phosphate buffer, pH 6.8 to stop activation and stored m ice for measurement 
of milk clotting actlwty. The milk clotting actlwty of  unactlvated proenzyme 
(control) and fully active enzyme (incubated at pH 2.7 for 30 mm at 37°C), at 
the same protein concentrations as the expernnental samples, were also mea- 
sured. 

Structural changes accompanying actwat~on of  aczd~c protease 
Activation of proenzyme was carrmd out  by adding 0.165 ml 0.05 M H3PO4 

to 1.25 ml proenzyme stock solution (approx. 1 mg/ml) m 0.01 M sodmm 
phosphate, pH 6.5, so that  the final pH was approx 3.1. Activation was 
allowed to proceed at room temperature. At various times, samples were 
removed m triplicate. One 0.05 ml sample was 'neutrahzed'  by transfer into 
0.075 ml 0.2 M sodmm phosphate buffer, pH 6.5, stored in ice and used for 
estimation of milk clotting activity. Another 0.05 ml sample was transferred 
mto 0.95 ml 0.2 M sodium phosphate buffer, pH 6.5, stored m me and used for 
measurement of fluorescence emission at 340 nm. A third 0.05 ml sample was 
added to 0.035 ml 2% SDS/4 M /3-mercaptoethanol/20% glycerol/0.002% 
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bromophenol  blue m 0.125 M Trls-HC1 buffer,  pH 6.8, heated at 100°C for 2 
mln and used for polyacrylamlde gel electrophoresls. Controls, at the same pro- 
tern concentratmn as that  of  the experimental,  were also performed,  con- 
slstmg of unactlvated proenzyme (obtained by Incubation of  0.015 sodium 
phosphate,  pH 6.5) and of  fully active enzyme (obtained by mcubatmn with 
0.25 N HC1 for 30 mm) 

Turbzdzmetrzc mdk clotting assay for ac~dzc protease actwzty 
Except  where otherwise stated, acldm protease actlwtms described m this 

paper were determined at room temperature by  the turbldlmetnc milk clottmg 
assay adapted from McPhm [7].  Stock milk soluhon was prepared by dls- 
solvmg Carnatmn non-fat  dry milk m 25 ml double-distilled water. 50 ml assay 
medmm contmned 1.0 ml stock milk solutmn, and 4.0 ml 0.1 M CaC12 m 0.2 M 
sodmm acetate buffer,  pH 5.3 (final concentratmn).  The reactmn was mltmted 
by  adding 0.05--0.2 ml enzyme solutmn to 3.0 ml assay medmm m a Spec- 
t romc 20 tube,  followed by thorough mLxmg. The time (T, s) reqmred to reach 
an absorbance of  0.3 umts  at 510 nm was measured with a s topwatch.  Act lwty 
was expressed as l IT  (s -1 ). In some cases, proenzyme was activated prmr to 
activity measurement.  For routme column assays act~vatmn was achmved by  
premcubatmn m 0.1 M citric acld/sodmm phosphate buffer,  pH 2.5 for 20 mm 
at room temperature.  

Acid-denatured hemoglobin assay for aczd~c protease actzvzty 
The method  of  Kassell and Meltner [8] was used to determine acidic prote- 

ase activity m the proenzyme pool  obtained after each punfmatmn step 
(Table I), so that  the results ob tamed here could be d~rectly compared to pre- 
wous  results employing the same assay method  [2,6].  The assay mLxture (2.0 
ml) contmned 12.5 mg/ml acid-denatured hemoglobm m 0.1 M citric acid/ 
sodmm phosphate  buffer,  pH 2.5 plus an appropriate amount  of  enzyme. The 
reactmn was carned ou t  at 37°C for 30 mm and was then s topped by addltmn 
of 2.0 ml 10% trmhloracetm acid. After centnfugat lon at 30 000 × g for 20 
mln, the absorbance at 280 nm of  the supernatant was measured m a Zelss 
PMQ II spect rophotometer .  

Protezn determination 
Protein concentrat ion was measured by the method  of  Lowry et al. [9] ,  

using bowne serum albumm as a standard. For routine screenmg during column 
chromatography,  the relative protein content  was estimated by measurmg the 
absorbance at 280 nm. 

SDS-polyacrylamzde gel electrophoreszs 
The purity of  proenzyme was checked by electrophoresls m 0.1% SDS/7.5% 

polyacrylamlde gel tubes (0.6 × 10 cm) according the procedure of  Weber and 
Osborn [10].  Electrophoresis was performed at a constant  current of  8 mA/gel 
for 6--7 h. Separation of  proenzyme and active enzyme m time course studms 
was carned out  by  electrophorems m discontinuous SDS-polyacrylamlde gra- 
dmnt (7--15%) slab gels (13 × 15 X 0.1 cm) according to the procedure of  
Laemmh [11].  Electrophoresls was carried ou t  at a constant  voltage of  150 V 
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for 2--3 h. Both types of  gel were stmned with Coomassm bnUant blue R-250. 
In some cases, gels were scanned m a Gflford model 2000 spectrophotometer at 
550 nm. 

Results and Discussion 

Turb~dlmetnc mdk clotting assay 
With the exception of the data shown m Table I, which were obtamed using 

the acid-denatured hemoglobin assay, all other data described m this paper 
were obtamed using the turbldnnetrlc milk clotting assay for the measurement 
of acidic protease activity. Our comparisons of this assay with the acid- 
denatured hemoglobin assay [8] used m earlier studms [1--4] mdlcate that  
both assays show a similar hnear range with respect to enzyme concentratmn, 
are of similar sensstlvlty and correlate well with each other. In addltmn, the 
turbldlmetrlc milk clotting assay offers two advantages, useful for the present 
studms, firstly it is more rapidly performed than the hemoglobin assay which 
reqmres a centrlfugatmn step after trlchloracetm acid precipitation to remove 
undigested substrate. Secondly, in contrast to the low pH (pH 2.5) used for the 
hemoglobin assay, the pH for the milk clotting assay is relatively high (pH 5.3), 
so that  very httle actlvatmn of proenzyme occurs making it possible to prefer- 
entlally assay achvated enzyme. In practice, unactlvated proenzyme shows 
about 5--10% of the activity of fully activated enzyme, presumably because 
some activation takes place during prolonged incubation at pH 5.3. Minor cor- 
rections for the actlwty of unactlvated proenzyme have been included in the 
data shown In Fig. 3 and Table II, by defmmg the activity of unachvated pro- 
enzyme and fully achvated enzyme as 0 and 100% of maximum achvlty, 
respectively. 

Improved purification of ac~dlc protease proenzyme 
Because previous procedures for the isolation of human seminal plasma 

acldm protease and its proenzyme gave very low ymlds [2,5], our first concern 

T A B L E  I 

I M P R O V E D  P U R I F I C A T I O N  O F  P R O E N Z Y M E  F O R M  O F  H U M A N  S E M I N A L  P L A S M A  A C I D I C  

P R O T E A S E  

Acldtc  p r o t e a s e  act4vtty was  a s sayed  w i t h  a m d - d e n a t u r e d  h e m o g l o b i n  as s u b s t r a t e  [8]  1 u m t  is d e f i n e d  as  
t he  a m o u n t  o f  e n z y m e  r e q u i r e d  t o  cause  an  inc rease  o f  1 a b s o r b a n c e  u m t  a t  280  n m  m 30 m m  Pro t e in  

was  q u a n t l t a t e d  b y  the  m e t h o d  o f  L o w r y  et  al [9 ]  

To ta l  To t a l  Speci f ic  P u r i f i c a t i o n  P e r c e n t  

act lvt ty  p r o t e m  act iv i ty  ( - fold)  y ie ld  
( u m t s )  ( rag)  ( u m t s / m g )  

S e m i n a l  p l a s m a  * 10  0 4 4  8 2 8 9  1 2 (1)  ( 100 )  
S u p e r n a t a n t  a f t e r  dlalyms 9 1 3 4  5657  1 6 1 3 91 

DEAE-ce l lu lose  ** c o l u m n  6837  34 201 168  68  
S e p h a d e x  G-1O0 ** c o l u m n  5597  7 800  667  56 

* V o l u m e  o f  s e m i n a l  p l a s m a  u s e d  w a s  180  m l  
** R o u t i n e  assays  o f  c o l u m n  f~act lons  w e r e  p e r f o r m e d  b y  t h e  tuLrbldlmetnc m~Ik c lo t t ing  assay [ 7 ]  A f t e r  

poo l ing ,  e n z y m e - c o n t a m l n g  poo l s  were  r e a s s a y e d  b y  t h e  h e m o g l o b i n  m e t h o d  [8 ]  
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T A B L E  II  

S T R U C T U R A L  C H A N G E S  A C C O M P A N Y I N G  A C T I V A T I O N  OF A C I D I C  P R O T E A S E  P R O E N Z Y M E  

The  p r o e n z y m e  (0 8 rag/m1)  w a s  i n c u b a t e d  m 0 0 1 5  M s o d i u m  p h o s p h a t e  buf f er ,  p H  3 1 at  r o o m  t e m -  
pera tv . re  A t  the  tn'aes i n d i c a t e d ,  sam p le s  w e r e  t a k e n  m t n P h c a t e  One  sample  wa s  n e u t r a h z e d  and u s e d  
for  e s t i m a t i o n  of  m i l k  c l o t t i n g  ac t4wty  [ 7 ]  A n o t h e r  s a m p l e ,  a f ter  a d j u s t m e n t  to  p H  6 5, w a s  u s e d  for  
m e a s u r e m e n t  o f  f l u o r e s c e n c e  emLgmon at 340  n m  m an  A m m c o - B o w m a n  s p e c t r o f l u o r n n e t e r  The  third 
s a m p l e  w a s  s u b j e c t e d  t o  S D S - p o l y a c r y l a m l d e  gel  e lectxophores~s  [ 1 1 ]  gels are s h o w n  m F~g 4 Percent  
m a x i m u m  rmlk  c l o t t i n g  ac t4wty  is  s h o w n  as p e r c e n t  o f  act4vlty o f  ful ly  act ive  e n z y m e  o b t a i n e d  b y  p r e m -  
c u b a t l o n  o f  the  s a m e  c o n c e n t r a t m n  o f  p r o e n z y m e  w i t h  0 01 N HCl for  30  m m  P r o e n z y m e  f l u o r e s c e n c e  
is s h o w n  as a p e r c e n t  o f  th e  f l u o r e s c e n c e  e n ~ s m o n  in te n s i ty  of  a contxol  s a m p l e  p r e m c u b a t e d  w i t h  0 0 1 5  
M s o d i u m  p h o s p h a t e  b u f f e r ,  p H  6 5 n d ,  n o t  d e t e r m i n e d  

TLme P ercent  m a x u n u m  Pe r c e n t  o f  p r o e n z y m e  
( r a m )  m i l k  c l o t t i n g  ac t iv i ty  f l u o r e s c e n c e  

0 5  3 5  9 8 1  
2 9 5 9 4 4  
5 1 3  5 8 5  1 

15  30 5 68  2 
30  69 67 3 
40  86 n d 

has been to modify the previous procedure to obtain improved yields. Thus, 
preliminary expenments were carried out to evaluate the effmlencles of the 
steps that previously gave poor yields. The results obtained using seminal 
plasma indicated that (NH4)2SO4 fractlonatlon did indeed give a poor recovery 
(38%), but the ymld from DEAE-cellulose chromatography was satisfactory 
(77%)'. The poor ymlds of 37% on DEAE-cellulose chromatography described 
previously [2,6] could be due to loss of activity during concentration with 
aquaclde or time delays dunng chromatography. 

From these prehmlnary studies, we have modified the pubhshed purification 
procedures [2] by omitting the (NH4)2SO4 precipitation and Sephadex G-200 
steps, by using dialysis and lyophlhzatlon for concentration, and by using the 
more rapid milk clotting assay (after activation) to screen columns, so that 
columns may be processed without any unnecessary delays. The resulting pro- 
cedure involves three steps chalysls and clarlfmatlon, DEAE-ceUulose chroma- 
tography and Sephadex G-100 chromatography. The acid protease proenzyme 
is homogeneous on SDS-polyacrylamlde gel electrophoresls (Fig. 1) and does 
not contmn active enzyme unless previously activated (Fig. 4). Occasionally 
minor contaminants are present, but may be removed by repeating the 
Sephadex G-100 step. 

For the purposes of comparison with earher studms, samples of pools 
taken at each step were also analyzed for protein content by the method of 

L ! 
Fig I S D S - p o l y a c r y l a r m d e  gel e l e c t z o p h o r e s l s  o f  puri f ied  p r o e n z y m e  (25 #g)  Cy lmdr l ca l  7 5% Polyaczy l -  
a m l d e  gels  w e r e  run accor d in g  t o  the  p r oc e d u r e  o f  Weber  and Osborn  [ 1 0 ]  
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Lowry et al. [9] and for protease activity using the acid-denatured hemoglobin 
assay [8].  The results (Table I) lndmate that  by using the present modified 
procedure the specific act lwty of the fmal product  (800 umts/mg) is 
comparable to the 875 unlts/mg and 765 unlts/mg prewously obtmned for 
active enzyme [12] and proenzyme [6],  respectwely. In addition, a yield of  up 
to 56% can be obtmned (Table I), compared to ymlds of  9% and 10% 
previously described for active enzyme [2] and proenzyme [6] 

Fluorescence spectra o f  ac~dzc protease before and after actwat~on 
Amino acid analysis indicates that  the proenzyme and active enzyme forms 

of human seminal plasma acidic protease contmn 20 and 17 tyrosme residues/ 
molecule, respectively, while the t ryptophan content  IS still not  known [3].  
However, the fluorescence spectra of  the proenzyme (Fig. 2) show maximum 
wavelengths for excitation and for emlssmn at 280 and 340 nm, characterlstm 
of protems contalnmg t ryptophan [12].  When excited at 275, 290, 295 and 
300 nm, the emission maximum remamed at 340 nm. This suggests that  
emission is due to t ryptophan alone, but  st is likely that  there is some energy 
transfer from tyrosme to t ryptophan.  

When the proenzyme Is acidified to pH 2.7, there is a decrease in fluores- 
cence mtenslty of approx. 31%, together with a decrease in the maximum 
wavelengths for excitation and emlssmn of about  4--6 nm (Fig. 2). This fluo- 
rescence decrease upon acldffmatlon was accompanied by a 20.8-fold mcrease 
in milk clotting activity from 0.017 s - t .  m l  - t  to 0.354 s -1. m1-1. This fluo- 
rescence decrease observed upon activation ss Irreversible, smce after neutral- 
ization to pH 6.5, the fluorescence of  the activated enzyme was also approx. 
30% less than that of  control  proenzyme mcubated at pH 6.5 wi thout  previous 
exposure to acidic pH. 

This m'everslble quenching of  lntrlnsm fluorescence suggests that the actlva- 
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n m  was  u s e d  f o r  e n n s g t o n  s p e c t r a  a n d  a n  e n n s s m n  w a v e l e n g t h  o f  3 4 0  n m  w a s  u s e d  f o r  e x m t a t l o n  s p e c t r a  

O n e  s a m p l e  o f  p r o e n z y m e  wa s  a c t i v a t e d  b y  i n c u b a t i o n  a t  p H  2 7 f o r  30  n u n ,  w h i l e  a n o t h e r  s a m p l e  (a t  an  

i d e n t i c a l  p r o t e i n  c o n c e n t r a t i o n )  wa s  i n c u b a t e d  a t  p H  6 5 a E x c i t a t i o n  s p e c t r a  - - . ,  p r o e n z y m e  a f t e r  
I n C U b a t i o n  a t  p H  6 5 ,  - . . . . .  , a c t i v e  e n z y m e  f o r m e d  a f t e r  i n c u b a t i o n  o f  p r o e n z y m e  a t  p H  2 7 b E m l s -  

mo n  s p e c t r a  - - - ,  p r o e n z y m e  a f t e r  i n c u b a t i o n  a t  p H  6 5 ,  - . . . . .  , a c t i v e  e n z y m e  f o r m e d  a f t e r  i n c u b a -  
t i o n  o f  p r o e n z y m e  a t  p H  2 7 
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tmn of the acldm protease proenzyme is accompamed by an irreversible change 
m the protein conformatmn,  involving changes in the local environment of  
t ryptophan residues m the molecule. A conformatlonal  change has also been 
shown to occur dunng the actlvatmn of pepsmogen [13--15]. Since structural 
data on acldm protease is still very 1Lmlted, the precise nature of the conforma- 
tmnal change is still a matter  for speculatmn. However, it is interesting to note 
that  the fluorescence quenching is assocmted with a blue shift, rather than a red 
shift as found m most protems [6]. Two explanatmns for such a phenomenon 
come to mmd. Firstly, there may be changes m the environment of  more than 
one t ryptophan residue, so that  one or more may move to a more non-polar 
environment (giving a blue shift and fluorescence enhancement) ,  while others 
move to a more polar environment (glwng a red shift and fluorescence 
decrease). The latter t ryptophan residues would contribute less m magmtude to 
the overall spectrum, so that  the overall spectrum may shift to the blue and ye t  
show decreased fluorescence. A second possibility is that  certain tyrosme and 
t ryptophan residues move further apart on actlvatmn, so that  the effmlency of 
energy transfer is less, leading to decreased fluorescence. At the same tune, 
because of  the less efficmnt energy transfer, there may be some emission by 
tyrosme (which has a ~m,x of 300--310 nm), so that  the overall spectrum shifts 
to the blue. In this connectmn,  it is interesting to note that  amino acid analysis 
mdmates that  the ac~dm protease actlvatmn peptlde contmns three tyrosme 
residues [3]. 

Time course o f  actwatzon o f  actd~c protease at pH 3 1 
The time course of the fluorescence and actlwty changes upon actlvatmn are 

shown m Fig. 3. The fluorescence mtenslty decreases very rapidly upon acldifl- 
carton dunng  the fLrst one or two minutes, and then decreases much more 
slowly over the next 30 mm. In contrast,  the amount  of active enzyme formed 
increases qmte steadily throughout  the mcubatmn period. Such a pattern sug- 
gests that  the sudden fluorescence quenchmg reflects a conformatlonal  change 
that  occurs before the acldm protease acquires act~wty. 

Structural changes accompanying actwat~on of  ac~dtc protease proenzyme 
Another  experiment was carried out  to defme more clearly the tune inter- 

relationships of  various structural changes occurnng durmg activation. Changes 
m tertiary structure were followed by measurement of  mtrmsic fluorescence, 
while the release of the activation peptlde was followed by the appearance of 
the active enzyme band on gel electrophoresls. At the same tune, the activation 
of enzyme, defmed as percent of maximum milk clotting actlwty, was also fol- 
lowed. To ensure that  the changes m mtrmsm fluorescence observed are related 
to activation rather than due to general effect of  aclchty on protein conforma- 
tion, solutions were readjusted to pH 6.5 before fluorescence measurement,  so 
that  only irreversible changes m fluorescence were detectable. 

The results (Table II) agmn mdmate a rapid declme m intnnsm fluorescence 
with time, so that  wlthm 5 min some 40--50% of the total fluorescence 
decrease has already occurred. Dunng the same time period, less than 15% of 
the enzyme actlwty has been ginned (Table II), while it was still no t  possible to 
detect  the active enzyme band on gel electrophoresls (Fig. 4). However, by 15 
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Fig 3 T i m e  course  of  f luorescence  and  actlvzty changes  u p o n  aclchflcat lon of  p r o e n z y m e  P r o e n z y m e  
so lu t ion  was  ac~chf~ed to  p H  3 1 At  var ious  t~mes, f luorescence  emLss~on a t  340  n m  was  m e a s u r e d  at  an  
exc i t a t ion  wave l eng th  of  280  n m  a nd  samples  were  r e m o v e d  for  assay of  nnlk  c lo t t ing  ac t iv i ty  [7]  Fluo-  
rescence  da t a  are expressed  as the  f luorescence  m t e n s t t y  a t  any  given t t m e  as a p e r c e n t  of  a co n t ro l  pro-  
e n z y m e  s o l u t m n  i n c u b a t e d  a t  p H  6 5. Pe rcen t  m a x i m u m  ac t iv i ty  was  ca lcu la ted  by  assuming  t h a t  pro-  
e n z y m e  i n c u b a t e d  a t  p H  6 5 h a d  0% of m a x i m u m  act iv i ty  a nd  fully act ive  e n z y m e  ob t a ined  by m c u b a t m n  
a t  p H  2 7 for  30 m m  and  100% of m a x i m u m  act iv i ty  • e ,  p e r c e n t  f luorescence  relat ive to  pro-  
e n z y m e ,  o ~ o ,  p e r c e n t  of  m a x i m u m  a c t lw ty  

1 2 3 4 5 6 7 8 

Fig 4 SDS-po lyac ry la rmde  gel e lectrophores~s of  p r o e n z y m e  a f t e r  ac t iva t ion  a t  p H  3 1 for  var ious  tLmes 
Samples  of  p r o e n z y m e  a t  var ious  degrees  of  ac t iva t ion  ( f r o m  Table  I I )  were  r u n  on  a 7 5- -15% po lyac ry l -  
a n n d e  slab gel acco rd ing  to  the  p r o c e d u r e  of  L a e m m h  [ 1 1 ]  1 U n a c t l v a t e d  p r o e n z y m e ,  2 ac tzvated for  
0 5 r a m ,  3 a c t i va t ed  for  2 n u n ,  4 ac t i va t ed  for  5 n ~ n ,  5 ac t i va t ed  for  15 r a m ,  6 ac t i va t ed  for  30 n n n ,  7 
ac t i va t ed  for  40  m m .  8 fully ac t i va t ed  e n z y m e  
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mln, when the fluorescence change is essentially complete and 30.5% of the 
maximum enzyme activity is obtmned, some active enzyme is detectable by 
electrophoresls. Much of the gam in enzyme activity and much of  the appear- 
ance of the active enzyme band on electrophoresls occurs between 15 and 30 
mm, a time period when there is very httle fluorescence change. 

The data reported here therefore indicate that  acidification of human acldm 
protease proenzyme causes a change m protein conformatmn that  precedes the 
release of the actlvatmn peptlde. This conformatlonal  change presumably pro- 
motes peptlde bond cleavage to yield the activation peptlde and the active 
enzyme. Dunng cleavage and release of the actlvatmn peptlde, the conforma- 
tion of the protein does not  appear to change very much,  since only very small 
changes in intrinsic fluorescence are observed. However, conformational  
changes that  do not  affect the environment of tyrosme or t ryptophan residues 
cannot  be ruled out. 
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