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Abstract Abstract 

Thee kinetics and spectroscopic properties of the single polypeptide and proteolytically 
cleavedd forms of mammalian purple acid phosphatases (PAPs) containing an Fe3+Fe2+ 

unitt at the active site differ due to the presence or absence of an interaction between a 
residuee in an exposed loop of the protein and one or more residues bound to the Fe2+. 
Comparedd to single polypeptide PAPs, the proteolytically cleaved enzymes show a four to 
eightt fold higher catalytic activity as well as a higher pH optimum and pKa,i. The single 
polypeptidee form of recombinant human PAP (recHPAP) containing an Fe3+Zn2+ unit at 
thee active site has an unexpected catalytic activity versus pH profile, in that the optimal 
pHH is similar to that of the proteolytically cleaved form. Compared to the Fe3+Fe2+ form, 
however,, the turnover number of the FeZn form is more than 10-fold higher. Although 
thee visible spectrum of FeZn-recHPAP is pH dependent, the EPR spectra of both the single 
polypeptidee and the proteolytically cleaved enzyme are independent of pH. The results 
suggestt that the properties and environment of the divalent metal are critical in 
determiningg the catalytic properties of PAPs. 
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Introduction Introduction 

Thee glycoprotein purple acid phosphatase (PAP) is widespread in nature, and contains 

ann FeFe, FeZn, or FeMn binuclear center, depending upon the source ( I , 2) . FeFe-

containingg PAPs are present in mammals, while plant PAPs use Zn and Mn as the divalent 

ionn (e.g. , FeZn in red kidney bean PAP (KBPAP) (3), and FeMn in sweet potato PAP (4)). 

Mammaliann PAPs, such as bovine spleen PAP (BSPAP) or PAP from pig uterine fluids (Uf), 

aree spectroscopically and kinetically well characterized (5, 6), but differ in specific 

activity,, pH opt imum, and their characteristic EPR spectrum at pH 5. 

Thee first study of the pH dependence of the catalytic activity of Uf (7) reported optimal 

catalyticc activity at pH 4.9, and the pH optima of Uf containing Zn2 + or Mn2+ in place of 

Fe2++ were also in this range (8). Consequently, most spectroscopic studies on 

mammaliann PAPs (e.g. EXAFS (9-11), NMR (12-16), MCD/CD (17), EPR (18, 19), and 

resonancee Raman (19, 20)) have been performed at pH 5. At pH 5, however, the 

proteolyticallyy cleaved forms of FeFe- and FeZn-BSPAP are catalytically inactive (21), 

suggestingg that earlier spectroscopic studies were performed on an inactive form of the 

enzyme.. At the optimal pH (6.5), the substrate analogue phosphate appears to bind in a 

monodentatee fashion to the ferrous site, rather than in a bridging mode as reported for 

thee crystal structures of KBPAP, Uf, and recombinant rat bone PAP (recRPAP) (22-24). 

Characterizationn of single polypeptide and proteolytically cleaved forms of recombinant 

humann PAP (recHPAP) demonstrated that the kinetics and spectroscopic differences 

betweenn single polypeptide and proteolytically cleaved forms of PAPs are not artifactual, 

butt are due to structural differences between the two forms of the enzyme (25). The loss 

off an interaction between a residue coordinated to the ferrous ion and Asp l46 in an 

exposedd antigenic loop (26) causes a full pH unit increase in pKa,i (from 4.5 to 5.5).Thus, 

residuess coordinated to the ferrous ion are important in determining the kinetics 

propertiess of mammalian PAPs. 

Too explore the dependence of the catalytic properties upon the properties of the 

divalentt metal, we have prepared the FeZn form of both single polypeptide and 

proteolyticallyy cleaved recHPAP and examined their kinetics and spectroscopic properties 

overr the pH range 4-7.5. The results show that single polypeptide and proteolytically 

cleavedd FeZn-recHPAP are very similar in their kinetics properties, which has implications 

forr the interpretation of several earlier spectroscopic studies on single polypeptide 

mammaliann PAPs. 

ExperimentalExperimental procedures 

GeneralGeneral procedures 

Singlee polypeptide recHPAP was obtained as previously described (25). Enzyme 

concentrationss were determined by measuring the absorbance at Amax (£=4080 M"1 cm'1) 

onn a Cary 50 spectrophotometer or an HP8452A photodiode array spectrophotometer. 

Ironn analyses were performed on a Hitachi 180-80 polarized Zeeman atomic absorption 

spectrometerr equipped with a graphite furnace. 
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PreparationPreparation of FeZn-recHPAP 

Metal-freee buffer was prepared by passing it through a Chelex-100 column. A 

Sephadexx G-25 column (0 .7x12 cm) was eluted with a solution containing 50 mM Na-

acetatee (pH 5.0), 5 mM ascorbic acid, and 1 mM o-phenanthroline to remove excess 

metals,, and subsequently with metal-free Millipore water and a metal-free buffer 

containingg 40 mM Na-acetate (pH 5.0), 1.6 M KCI, and 20% glycerol. 

SingleSingle polypeptide FeZn-recHPAP: A 500 pi sample of single polypeptide FeFe-recHRPAP 

(2-44 mg/ml ) in 40 mM Na-acetate buffer, pH 5.0, 1.6 M KCI, 20% glycerol was made 1 

mMM in o-phenanthroline and 5 mM in freshly prepared sodium dithionite. The release of 

Fe2++ was monitored by measuring the absorbance of the [Fe(phen)3 ]2 + complex at 510 

nm.. After four minutes, the sample was applied to a metal-free Sephadex G-25 column 

andd eluted with metal-free 40 mM Na-acetate buffer, pH 5.0, containing 1.6 M KCI and 

200 % glycerol. Samples that contained half-apo protein (E28O = 60,000 M^cm"1) were 

pooledd and incubated with a 20-fold excess of ZnCI2 at room temperature for five hours, 

followedd by incubation overnight at . After incubation, the enzyme sample was 

concentrated/dilutedd with 50 mM Na-acetate (pH 5.0), 2 M KCI, to remove excess metal 

ionss using a Centricon-30 concentrator. SDS-PAGE under reducing conditions showed a 

singlee band. The enzyme was used without further purification. 

ProteolyticallyProteolytically cleaved FeZn-recHPAP: Trypsin digestion of a sample of single polypeptide 

FeZn-recHPAPP (50 mM MES, pH 6.5, 2M KCI) was performed as previously described 

(25).(25). Complete cleavage was confirmed by SDS-PAGE under reducing conditions. 

Kinetics Kinetics 
Alll assays were performed using the f ixed-point assay at C (25). Enzyme dilutions 

weree made in 50 mM MES pH 6.5, 2M KCI, and 0.5 mg/ml BSA. The pH dependence of 

kcatt was measured in a buffer containing 100 mM Na-acetate, 100 mM MES, 100 mM 

HEPES,, 300 mM KCI, 10 mM Na-K tartrate, and p-NPP concentrations varying between 

0.55 and 50 mM. For each determination of Vmax and KM, the hydrolysis rate was measured 

att a minimum of six different p-NPP concentrations. After each assay the pH of the 

reactionn mixture was measured to ensure that it had not changed. Values of KM and Vmax 

weree obtained by non-linear regression using the program EnzymeKinetics (Trinity 

Software).. Values of Kj were determined by measuring the rate of hydrolysis of p-NPP 

usingg at least six different p-NPP concentrations with several fixed inhibitor 

concentrations.. The results were fitted to the appropriate inhibition equation using the 

programm Leonora (Athel Cornish-Bowden, version 1.0, 1994). 

pHpH dependence of optical spectra 

FeZn-recHPAPP was buffer exchanged to a pH 7.4 buffer containing 100 mM Na-

acetate,, 100 mM MES and 100 mM HEPES, 450 mM KCI, and its UV-vis spectrum was 

recorded.. After measuring the pH of the protein sample, 1-2 pi aliquots of 1M HCI were 

addedd to decrease the pH by approximately 0.4 pH units and the sample was centrifuged 

too remove denatured protein. The UV-vis spectrum was then recorded, and the process 

wass repeated to a final pH of 4.0. 
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pHpH dependence of EPR spectra 

EPRR samples contained 20 % glycerol. An X-band Bruker ECS106 EPR spectrometer 

operatingg at 4-5 K and equipped with an Oxford Instruments ESR900 helium-flow 

cryostatt with an ITC4 temperature controller and a AEG magnetic field calibrator was 

usedd for recording the spectra. The pH of the samples was adjusted by repeated dilution 

withh a 100 mM Na-acetate, 100 mM MES, 100 mM HEPES, and 450 mM KCI buffer of the 

appropriatee pH and concentrated using a Centricon-30 concentrator. 

ResultsResults and Discussion 

Preparation Preparation 

Thee single polypeptide and proteolytically cleaved forms of FeFe-recHPAP provide a 

well-characterizedd model system for mammalian PAPs, in which the effects of limited 

proteolysiss can be explored to reconcile the distinctive characteristics of Uf (isolated as a 

singlee polypeptide) and BSPAP (isolated in a proteolytically cleaved form) (25). The loss 

off the interaction between aspartate 146, which is located in a highly exposed loop 

region,, and most presumably the active site residue asparagine 91 upon proteolysis is 

responsiblee for the shift in pKa,i and the increase in catalytic activity (25-27). The single 

polypeptidee and proteolytically cleaved forms of recHPAP differ in their EPR spectra: at 

pHH 5, the former has a more rhombic spectrum, due to a shift in gz from 1.94 for to 1.86 

forr the latter. The pH dependence of the EPR spectrum correlates with the value of pKa,i 

determinedd by kinetics measurements. As shown by spectroscopic and kinetics studies of 

singlee polypeptide and proteolytically cleaved FeFe-recHPAP (28), pKa,i is the pKa for 

deprotonationn of the nucleophilic water molecule as earlier proposed (29). 

Too gain further insight into the characteristics of the ferrous site of recHPAP and the 

differencess between the single polypeptide and proteolytically cleaved form of the 

enzyme,, we prepared FeZn-recHPAP with an approximately 4 0 % yield of reconstituted 

protein.. Although the same protocol was used as for proteolytically cleaved BSPAP (30-

32),32), lower yields were obtained because preparation of half-apoprotein in 20% glycerol 

wass difficult. Prior to adding Zn 2 + , the specific activity of the half-apoenzyme was less 

thann 5 % of that of the FeFe-enzyme. After reconstitution with Zn, the purity of the FeZn 

formm was checked by assays under reducing conditions (0.5 mM Fe(NH4)2(S04)2, 6.7 mM 

Na-ascorbicc acid) and oxidizing conditions (enzyme incubated in 0.1 mM H202), which 

showedd no significant difference in specific activity. A SDS-PAGE gel run under reducing 

conditionss and stained with Coomassie Brilliant Blue confirmed the presence of single 

polypeptidee recHPAP. Atomic absorption spectroscopy showed the presence of 0.92

0.188 mol iron/mol enzyme, and no EPR signal due to the mixed-valent form of FeFe-

recHPAPP was observed under reducing conditions, confirming the presence of negligible 

amountss of FeFe-protein. Proteolytically cleaved FeZn-recHPAP was prepared by tryptic 

cleavagee of the single polypeptide FeZn-form, rather than by metal ion substitution of 

proteolyticallyy cleaved FeFe-recHPAP. Although the latter procedure gave better yields of 

metal-substitutedd protein, the differences in preparation procedures were minimized as 

muchh as possible in order to facilitate comparison with the corresponding forms of FeFe-

recHPAP. . 
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Figuree 6 . 1 : pH dependence of kcat, kcat/KM and K„ for single polypept ide (A) and proteolyt ical ly cleaved (B) 
FeZn-recHPAPP wi th p-NPP as subst ra te at . The lines represents f i ts of kca, and ko,, / K„ to the rapid 
equ i l i b r iumm diprot ic mode l . The kinet ics data obtained f rom fits of k^obs versus pH for FeZn-recHPAP are 
p resen tedd in the Table 
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kcatt is defined as the number of substrate molecules hydrolyzed per enzyme molecule per second; pKeSri and pKes2 are for 
deprotonation/protonationn events of a group in the enzyme-substrate complex; and pKez is for a deprotonation/protonation 
eventt of a group in the enzyme. 
<a)) Obtained from fitting s plot of kcat,0DS as a function of pH. 
!b ll Obtained from fitting a plot of kcat.obs/KM,<,bs vs. pH with pKe l<2. 

pHpH dependence of kinetics parameters 

Earlierr kinetics measurements of proteolytically cleaved FeZn-BSPAP showed a pH 

opt imumm of 6.3 (21), while a pH optimum of 5 was reported for the single polypeptide 

formm of FeZn-Uf, using a single fixed substrate concentration (8). In contrast, the FeZn 

PAPss from kidney bean (kbPAP) and sweet potato (spPAP) have pH optima around 6 (2, 

33).33). To study the single polypeptide and proteolytically cleaved form of FeZn-recHPAP 

beloww pKa,i, at their pH optima, and above pKa,2, we measured kcat as a function of pH for 

bothh forms. Figure 6.1 shows the pH dependency of kcat, KM, and kcat/KM for single 

polypeptidee and proteolytically cleaved FeZn-recHPAP. The data were analyzed according 

too a rapid equil ibrium diprotic model (34), assuming that all equilibria are fast compared 

too kcat (21, 26, 28). Values of pKa and kcat values obtained from the fits are given in 

Figuree 6 .1 . 

Thee pH opt imum of single polypeptide FeZn-recHPAP is 6.3, substantially higher than 

anyy previously reported for a single polypeptide FeZn-PAP, and kcat is approximately 

50000 s'1. The proteolytically cleaved enzyme has a pH optimum of 6.5 and a kcat that is 
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indistinguishablee from that of the single polypeptide FeZn-recHPAP. Due to small 

differencess in pKa values, the gaussian pH opt imum of single polypeptide FeZn-recHPAP 

iss narrower than that observed for proteolytically cleaved FeZn-recHPAP. Fitting the data 

resultss in pKes values of 6.1 and 6.5 for the single polypeptide enzyme vs. 5.6 and 7.3 for 

thee proteolytically cleaved form. The kinetics parameters for the proteolytically cleaved 

enzymee are similar to those reported for BSPAP {21), suggesting that the FeZn forms of 

thee proteolytically cleaved human and bovine spleen enzymes have essentially identical 

kinetics.. Upon proteolytic cleavage, pKeSil (the pKa of the nucleophilic hydroxide) shifts to 

lowerr values in the FeZn-enzyme. In contrast, a shift of comparable magnitude but to 

higherhigher pH values is observed upon proteolytic cleavage of FeFe-recHPAP. The decrease in 

thee Michaelis-Menten constants for the proteolytically cleaved enzyme results in a slight 

increasee in kcat/KM and a shift in pKe2 from 5.5 to 5.9. These results are similar to those 

observedd for FeFe-recHPAP. 

AA number of published spectroscopic studies on FeZn-Uf, including EXAFS studies {11, 

19,19, 35, 36), were performed at pH 4.9, the pH opt imum first reported for FeFe-Uf. At this 

pHH the value of kcatfor FeZn-Uf is almost equal to that of the FeFe form {37, 38). With 

onlyy one exception (8), the pH opt imum of the FeZn form of Uf has never been 

reexamined,, and it has been assumed that metal substitution causes no shift in pH 

opt imum,, as found for proteolytically cleaved BSPAP {30-32). The study by Twitchett (8), 

however,, used non-optimal substrate concentrations, which gives an apparent pH 

opt imumm that is lower than the actual value. There is a large discrepancy in kcat at the 

optimall pH between the results reported in (8) and in this work. Initial experiments 

suggestt that the pH optimum of FeZn-recRPAP is similar to that of FeZn-recHPAP (M. 

Bollen,, E.G. Funhoff, B.A. Averil l, unpublished results). Consequently, it is reasonable to 

assumee that the pH optimum of the single polypeptide form of other FeZn-PAPs is 

substantiallyy higher than previously reported. Thus, many earlier spectroscopic studies 

weree apparently performed on an inactive state of the enzyme. 

pHpH dependence of spectroscopic parameters 

Thee EPR spectra of the single polypeptide and proteolytically cleaved forms of FeZn-

recHPAPP were measured at a pH below pKa4 (pH 4.5), at its pH optimum (pH 6.2), and at 

pKa,22 (pH 7.0). As shown in Figure 6.2, the single polypeptide form of FeZn-recHPAP 

exhibitss features at g=8.7 and 5.1 (E/D=0.17), g=4.3 (E/D=0.33), and g~5.8-6 

(E/D=0.03) ,, due to a mixture of high-spin Fe3+ species. In contrast to the behavior 

observedd with FeFe-recPAP, no changes are observed in the EPR spectrum between pH 

4.55 and 6.2 that correlate with pKa/ i. At pH 7.0, the spectrum is similar to those at pH 

4.55 and 6.2, but the relative intensity of the E/D=0.17 species is greater. For 

proteolyticallyy cleaved FeZn-recHPAP at pH 6.2, species with rhombicities of E/D = 0.02 

(gg = 6.5 and 5.9 for the ground and middle Kramer's doublets, respectively), E/D = 0.08 

(gg = 7.6 and 5.8 for the ground and middle Kramer's doublets, respectively), and E/D = 

0.333 (g = 4.3) are observed. At pH 7.0, additional features at g = 8.7 and 5.1 (E/D = 

0.17)) are present. Thus, in contrast to FeZn-recRPAP {26), the distribution of species 

observedd by EPR depends on cleavage, but is essentially independent of pH for single 

polypeptidee and proteolytically cleaved FeZn-recHPAP. For the FeZn forms of other 

proteolyticallyy cleaved mammalian PAPs (BSPAP and recRPAP), similar EPR spectra are 

observedd with again no dependence on pH below the pH optimum {26, 30). The EPR 
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Figuree 6.2: pH dependence of the EPR spectra of single polypeptide (A) and proteolytically cleaved (B) FeZn-
recHPAP.. EPR conditions: microwave power 2 mW; microwave frequency, 9.42 GHz; Modulation, 12.7 G at 
1000 kHz; temperature, 4.5 K. 

spectrumm of single polypeptide FeZn-recHPAP is somewhat similar to that of FeZn-Uf, in 

thatt the E/D=0.17 species is present, but the E/D=0.03 species is not as obvious in the 

Uff spectrum (39). The E/D=0.17 species whose intensity increases at high pH was 

observedd earlier for FeZn-Uf-P04-F (19) at pH 5 and for BSPAP-P04-F at pH 5 and 6.5 

(40),(40), which was the basis for the proposal of the formation of a ternary enzyme-complex. 

Althoughh no change in EPR around pKa,i is found for single polypeptide and 

proteolyticallyy cleaved FeZn-recHPAP, the position of the visible absorption maximum is 

pHH dependent, as depicted in Figure 6.3. Above its pH opt imum, single polypeptide FeZn-

recHPAPP has a Amax of 515 nm, while at or below the optimal pH Amax is 535 nm. A plot of 

Amaxx vs. pH gave an apparent pKa of approximately 6 . 1 . For proteolytically cleaved FeZn-

recHPAP,, a slightly higher Amax is observed at pH >6 (520 nm), with an apparent pKa of 

approximatelyy 5.3. The difference in Amax at low and high pH of single polypeptide and 

proteolyticallyy cleaved FeZn-recHPAP is comparable to that observed for proteolytically 

cleavedd FeFe-recHPAP, but more pronounced than is found for single polypeptide FeFe-

recHPAP.. For FeZn-BSPAP no change in Ama!< (536 nm) between pH 5 and 6.5 was 

observedd (40), while Amax of the FeZn-BSPAP-P04 complex varies with pH consistent with 

aa pKa of 5.4, comparable to a p K a l of 5.5 observed by kinetics (21). 
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Figuree 3: pH dependence of Amai< of single polypeptide (A) and proteolytically cleaved (B) FeZn-recHPAP 

CoordinationCoordination of phosphate 
Thee substrate analogue phosphate is a (mixed) competitive inhibitor of PAPs (41, 42). 

AA pH independent inhibition constant was observed with proteolytically cleaved FeFe-
recHPAPP (28). In contrast, a plot of log K, versus pH for single polypeptide FeFe-recHPAP 
resembledd that found for Uf, in that the protonated form of a residue with pKa < 4 is 
apparentlyy involved in competitive inhibition by phosphate (42). With FeZn-recHPAP, only 
competitivee inhibition by phosphate is observed and no uncompetitive component is 
neededd to fit the data. Below pH 5.5, K, is independent of pH for single polypeptide FeZn-
recHPAP,, while at higher pH a slope of approximately 1 is observed in the plot of log K, 
versusversus pH (Figure 6.4), consistent with an apparent pKa of approximately 5.5. For 
proteolyticallyy cleaved FeZn-recHPAP, an apparent pKa of approximately 5.9 is observed. 
Thus,, phosphate inhibition of FeZn-recHPAP may correlate with pKe,2, which corresponds 
too a group in the free enzyme that needs to be protonated in order for the enzyme to 
bindd substrate (21). For FeZn-Uf, a pKa is also observed in the log K, versus pH plot (11, 

Figuree 6.4: Plot of the logarithm of the competitive inhibition constants for phosphate inhibition of single 
polypeptidee (A) and proteolytically cleaved (B) FeZn-recHPAP versus pH. 
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39),39), which has been proposed to be associated with a conserved histidine. Thus, the 
differencee between phosphate inhibition of FeFe and FeZn-recHPAP is real, and is due to 
replacementt of the Fe2+ ion by Zn2+, a slightly stronger Lewis acid. Because in 
proteolyticallyy cleaved BSPAP both pKe,2 and pKes,2 are affected in the same way by metal 
substitutionn (21), Merkx et al. suggested that both pKa's might be due to the same active 
sitee group. Similar results are also observed for recHPAP (25). The group responsible 
couldd be histidine 92, which has been proposed to coordinate substrate and is conserved 
inn both PAPs and the closely related protein phosphatases (PPs) (43). In PPs, mutation of 
thiss residue to asparagine results in a value of pKa,2 that is 0.7 pH units lower than is 
foundd for the wild-type protein (44). Histidine 92 is known to have an important function 
inn the catalytic mechanism (45), but why its pKa should depend upon the identity of the 
divalentt metal ion is unclear. 

CoordinationCoordination of fluoride 
Thee hydroxide analogue fluoride is an uncompetitive inhibitor of phosphatase activity 

withh apparent pKa's of 4.5 and 5.5 for single polypeptide and proteolytically cleaved 
FeFe-recHPAP,, respectively (28). For FeZn-BSPAP, noncompetitive inhibition by fluoride 
wass observed above pKa,1; while below pKa,i only uncompetitive inhibition was observed 
(40).(40). As shown in Figure 6.5, fluoride inhibition of single polypeptide and proteolytically 
cleavedd FeZn-recHPAP is noncompetitive over the pH range studied (4-7). At higher pH, 

Figuree 6.5: Plots of the logarithm of the competitive inhibition constants for fluoride inhibition of single 
polypeptidee (A) and proteolytically cleaved (C) FeZn-recHPAP versus pH and of the uncompetitive inhibition 
constantss for fluoride inhibition of single polypeptide (B) and proteolytically cleaved (D) FeZn-recHPAP. 
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thee value of the competitive Ki increases more rapidly than the uncompetitive K„ A line 

withh a slope of approximately 1 can be f i t to a plot of the logarithm of the competit ive K> 

vs.. pH for both single polypeptide and proteolytically cleaved FeZn-recHPAP, suggesting 

thatt the protonated form of a group with pKa < 4 is necessary for competitive binding of 

fluoride.. This pKa might well correspond to deprotonation of a water molecule 

coordinatedd to the ferric ion. 

AA plot of the uncompetitive Kj for fluoride inhibition of both single polypeptide and 

proteolyticallyy cleaved FeZn-recHPAP vs. gives straight lines with slopes of 0 and 1, 

whichh intersect at approximately pH 5. In FeFe-recHPAP (28), the value of the K; for 

fluoridee inhibition correlates with pKa i. The values found for the uncompetitive Kj's 

correspondd very well to those found for BSPAP, for which no competitive element was 

observedd at pH<5.5 (40). 

MechanisticMechanistic implications 

Comparedd to the single polypeptide form of FeFe-recHPAP, the single polypeptide form 

off FeZn-recHPAP has substantially different characteristics, which are not greatly affected 

byy proteolysis. Although the EPR spectra of single polypeptide and proteolytically cleaved 

FeZn-recHPAPP are independent of pH, the visible spectra are pH dependent, with an 

apparentt pKa that is approximately equal to pKes,i- Because the bridging hydroxide is 

transs to the tyrosinate ligand, changes in its chemical environment are likely to have a 

significantt effect on Amax. 

Proteolyticc cleavage of single polypeptide FeFe-recHPAP has been shown to result in 

losss of the interaction between Asn91, a ligand to the Fe2+, and Asp l46 (25). Loss of this 

interactionn increases the effective positive charge on the Fe2+ in the proteolytically 

cleavedd form, making it a slightly stronger Lewis acid. Since Zn 2 + is a slightly stronger 

Lewiss acid than Fe2+ (pKa of the hexaaquo complex of Zn2 + is 9.6 versus 10.1 for Fe2+) 

(46),(46), the divalent sites of single polypeptide FeZn-recHPAP and proteolytically cleaved 

FeFe-recHPAPP should be comparable in Lewis acidity. Proteolytic cleavage of FeZn-

recHPAPP should further increase the Lewis acidity of the Zn 2 + ion, consistent with the 

observedd decrease in pKa,i upon proteolysis. The properties of single polypeptide and 

proteolyticallyy cleaved FeZn-recHPAP are therefore most sensitive to the characteristics 

off the divalent metal ion. The presence of an asymmetric bridging nucleophilic hydroxide 

boundd to the divalent site, as proposed based on a VIS/CD/MCD study (17), is in 

agreementt with the present results. Such a model may also explain the observed 

differencess in pKa and kcat for single polypeptide and proteolytically cleaved mammalian 

PAPss (28). 

Conclusions Conclusions 

Thee kinetics characteristics of the single polypeptide form of FeZn-recHPAP resemble 

thosee of proteolytically cleaved FeZn-recHPAP, while their EPR and visible spectra differ 

onlyy slightly. Replacing the Fe2+ ion in single polypeptide recHPAP by Zn2 + results in an 

enzymee with a 10-fold increase in specific activity and a higher optimal pH, due to a 1.5 

pHH unit shift in pKes,i- The properties of FeZn-recHPAP are in sharp contrast with the only 

reportedd pH optimum for a single polypeptide FeZn-PAP (8), suggesting that many earlier 
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spectroscopicc studies may have been performed on an inactive state of the enzyme. The 
kineticss characteristics of proteolytically cleaved FeZn-recHPAP closely resemble those of 
FeZn-BSPAP.. The differences between the single polypeptide and proteolytically cleaved 
formss of FeZn-recHPAP can be adequately explained by considering only the properties of 
thee divalent metal ion. 
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