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ABSTRACT. The major extracellular protease from the fundtencillium cyclopiumwas crystallized in

the presence gi-phenylmethanesulfonyl fluoride (PMSF) and investigated by X-ray diffraction analysis.

It was subsequently cloned and the amino acid sequence deduced from its cDNA. Although the sequence
is only 49% identical to that of proteinase K ®fitirachium album the three-dimensional structures of

the two proteases are virtually identical. The modelFocyclopiumprotease was refined by simulated
annealing to arR of 18% at 1.7 A resolution. The greatest variation from the proteinase K polypeptide

is in loop 114-134 and is due to the absence of a disulfide bridge inRfheyclopiumprotease that is
present in proteinase K. A difference was also observed in the orientation of the histidine in the catalytic
triad, though this could be due to the presence of PMSF at the active site. The coordination geometry of
the strongly bound calcium in thie. cyclopiumprotease is octahedral and uses some different protein
ligands than does proteinase K. In the protease fRomyclopiumthere is no cysteine near the active

site, nor is there a second calcium binding site as is found in proteinase K, suggesting that neither is
important to catalytic activity.

The major extracellular protein ¢fenicillium cyclopium CYCK3—> PCR and Sequencing
.o L ™ . . CICR—» <— CYCR2 rimers
was purified and identified as a serine protease by this CYCFI—> “—CYCRI
laboratory in 1986%). It has a molecular weight of 31 000,

exhibits autoproteolysis, shows no evidence of'Cactiva-

Fungal protease
¢DNA template

tion, and demonstrates broad substrate specificity. Until now, - chCh amplificd
its amino acid sequence was not known, nor was its Nuctetide positon
relationship to other proteases defined. Itis of some practical T T T T Fefative to proteinasch
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interest becaus®. cyclopium and closely related fungal _ _
Ficure 1: PCR cloning and sequencing strategy for the

species, are major causes of soft fruit rot and produce . : . A .
T cyclopium protease. Oligonucleotide primers were designed to
significant post-harvest losses. selectively amplify cDNA fragments containing the mature coding
In the course of this analysis it became clear tRat region of the protease. Primers CYCF1 and CYCR2 were used to

cyclopiumprotease was of the subtilisin class and that it bore 2@MPlify a 671 bp cDNA fragment (Fl) from which the direct
sequence of its product was used to design the reverse primer

a striking resemblance to proteinase K from the fungus cycRro and the forward primer CYCF3. CYCF2 is an oligonucle-
Tritirachium album (2, 3). When, later, the amino acid otide homologous to the proteinase Knncoding region and was
sequence was obtained, this was further confirmed. Subtlisinused as a coupling primer to CYCR2 for the amplification of a
proteases comprise one of the two largest classes of serinéfnz:‘t ?2 ff%@g;esg (gr?%g?fg@gigg thaeSN-stgamailgaé ?j?r%lé?gze 0;;2%
H H 3 u . | Wi u | u |
proteases, the other bemg those S|m|I.ar to trypé)n B.Oth primer t% obtain information in the C-terminal region. Tcllﬁ’e ’
classes employ a catalytic triad of amino acids consisting of ¢y clopiumprotease cDNA template is outlined and aligned to the
a serine, a histidine, and an aspartic acid disposed in arelative nucleotide position of proteinase K.
consistently similar manner5). Polypeptide structural
features of the two protease classes are otherwise verycrystallized by vapor diffusion from 15% PEG 3350 for
different. The subtilisin class now includes at least 80 known X-ray diffraction as described previouslg)(

members from many organisms, though the precise three- Cloning and Sequence Determinatioithe cloning and
dimensional structures of only a few, subtilish),(thermitase  sequencing strategy fét. cyclopiumprotease is illustrated

(6), and proteinase K3, are available. in Figure 1. Partial cDNA fragments of the fungal protease
were synthesized by the polymerase chain reaction (PCR)
METHODS (7). Total RNA was isolated from fresh mycelium by

methods described by Kirby8Y and Chirgwinet al. (9).
ssDNA was generated from total RNA by reverse transcrip-
tion (10), and single-stranded cDNA products were used as
templates for PCR reactions. Reaction conditions included
* This work was supported by a grant from the National Aeronautics the standard PCR buffei7), 2 units of Vent DNA poly-

and Space Administration. o merase purchased from New England BioLabs Inc., and 40
* Coordinates foP. cyclopiumprotease have been deposited in the

Preparation and Crystallization Protease fron®. cyclo-
pium was prepared from culture filtrates, purified, and

Brookhaven Data Bank (file name 4TST). pmol of primer in 10QuL Iay_ered with an equal _volume of
* Corresponding author. mineral oil. PCR was carried out using an Ericomp DNA
€ Abstract published ildvance ACS Abstractdlay 15, 1997. thermal cycler for 1 min 30 s at 98C initial denaturation,
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followed by 30 cycles for 30 s at 6%, 2 min at 72°C, and

15 s at 96°C. A final extension was carried out for 2 min
at 55°C and 2 min at 72C. The following oligonucleotide
primers were used to selectively amplify cDNA segments
coding only for the mature protease€:GG(C/T)CTTTCTCG-
CATCTCCAGC-3 (CYCF1), B-CTTGACGAGAACATG-
GTTCGGGTTCTCCGC-3(CYCF2), 3-ACCGGCAACGT-
G(A/G/T) GGAGTAGCCAT-3 (CYCR1), B-TACATTC-
GGAGCAGAAGCAGGGGAG-3 (CYCR2), and 5CGT-
TGTCGACCTCTA TGCTCCTGGGAAGGAC-3CYCF3).

Based on structural similarities apparent in electron density
maps, it was reasonable to assume thatRh&yclopium
protease sequence would be highly homologous to that of
proteinase K 11). Therefore, primers were designed to
contain sequences that matched regions in the proteinase K
gene which were highly conserved when compared with
closely related proteases. An N-terminal portion of the
mature P. cyclopiumprotease was determined by direct
sequencing of a cyanogen bromide fragment. Subsequently
degenerate oligonucleotides were synthesized using the mos
commonly used codon for each amino acid found in the
N-terminal region of the protease. Primers CYCF1 and
CYCR1 are coupled primers used in the amplification of a
671 bp cDNA fragment (F1) containing the majority of the
coding region. Similarly, primer CYCF2 is coupled to
CYCR2 in the PCR amplification of a 674 bp fragment (F2)
containing the sequence of the N-terminus of the mature
protease. The sequence of CYCR2 was determined from
direct sequencing of fragment F1. All oligonucleotide
primers were synthesized using phosphoramidite chemistry|
at the Biotechnology Instrumentation Facility at UCR or
purchased directly from Cruachem Inc., Sterling, FL.

The amino acid sequence of the mature protease wasg
deduced from partial length cDNAs that contained the
corresponding coding region. Purified PCR product either
was directly sequenced or was subcloned into a sequencing
vector for analysis. Direct sequencing was performed using
Sanger’s dideoxy method 2) with a Sequenase kit, version
2.0, from United States Biochemical Co. according to
directions supplied by the manufacturer. Nucleotide and
protein sequence analysis were performed using the Wis-
consin Packagel1@) version 8.0 run on a DEC VAX
computer.

Structure Determination by Isomorphous Replacement
Multiple isomorphous replacement (MIR) structure deter-
mination was carried out using X-ray diffraction data
collected on a CAD-4 automated diffractometer, and the data
were processed and scaled in a conventional manner using
procedures previously describedl). For refinement of the
structure, native data of high redundancy were collected for
the protease crystals to 1.7 A resolution using a San Diego
Multiwire Systems two-detector systet( 16). The X-ray
generator was a Rigaku RU-200 fitted with a Supper
monochromator.

Formation of heavy atom derivatives of the protease
crystals was problematic. The most common experiences
were loss of diffraction pattern, non-isomorphism, or no
substitution. Eventually, however, heavy atom derivatives
were prepared and refined?). Statistics describing their
phasing value are found in Table 1. Even with these
derivatives, non-isomorphism continued to be a serious
problem and limited the use of MIR phasing to about 3.2 A
resolution.
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of the native. Centric figure of merit for 771 reflections was 0.72. Noncentric figure of merit for 3249 reflections was 0.63. Overall figure of merit for 4020 reflections was 0.65.



Structure ofP. cyclopiumProtease

A figure of merit weighted electron density map based
on the “best” phase angles was computEg).( While much

of the map was clear, we could not produce an unambiguous

tracing for the polypeptide chain. Application of the density
modification procedure of Wand ) significantly improved

the map, not only increasing the contrast with solvent at the
margins of the molecule but substantially improving the
connectivity and clarity of the internal structure as well. The
resemblance of th. cyclopiunprotease to that of proteinase
K from T. album,whose structure had been solved in the
laboratory of Saenger in Berlir2), at this stage became
apparent.

Application of Molecular Replacemen® model based
on the proteinase K atomic coordinates from the Brookhaven
Data Bank was superimposed upon the partial model for the
protease fronP. cyclopium Thea-helices and the strands
of the parallel5-sheet served as reliable fiducial marks and
served to align the two models with a high degree of
precision. The model for proteinase K, which had been well
refined by Betzekt al. (3) to a resolution of 1.5 A and a
final residual of 0.18, was by this means accurately placed
upon the electron density of th& cyclopiumprotease unit
cell.

The proteinase K model was subjected to rigid body
refinement in theP. cyclopiumunit cell with the program
CORELS @0) using data between 12 and 3.5 A resolution.
Convergence was achieved after only a few cycles with a
resulting residual oR = 0.32. When the correct amino acid
sequence for thB. cyclopiumprotease became known from

Biochemistry, Vol. 36, No. 22, 1996599

Table 2: Data and Refinement Statistics

P2,2,2;

a=59.22Ab=61.64A,c=70.85A
27 779 unique reflectidhs (30)
from 1.7t0 8.0 A

% completeness

space group
unit cell
data completeness

resolution range (A) % accumulative (30)

3.33-8.00 75.58 75.58
2.67-3.33 99.97 87.58
2.34-2.67 99.97 91.65
2.14-2.34 99.97 93.68
1.98-2.14 99.75 94.88
1.87-1.98 98.77 95.52
1.78-1.87 98.17 95.89
1.70-1.78 97.44 96.08
refinement statistics
resolution limits 1.78.0A
R-valuet 18.0%
no. of unique reflections in working sef ¢ 30) 25016
freeR-value 21.6%
no. of unique reflections in test sét & 30) 2763
no. of molecules in asymmetric unit 1
no. of total non-hydrogen atoms in final model 2060
no. of solvent molecules 110
no. of calcium ions 1
average proteiB-value 51 R
rmsd in protein bond lengths 0.006 A
rmsd in protein bond angles 2.2

2Rvalue= thl(llFoth - |FChle)/zhk|lFOth|| WherelFOhml anleChkll
are the observed and calculated structure factor amplitudes.

greatest variation occurs in the final carboxy-terminal amino
acids where a substantial variation was detected even within

cloning and was substituted for the proteinase K sequence clones of theP. cyclopiumenzyme.

some significant rebuilding of the model was necessitated,
and adjustments were made throughout.

Refinement of StructureRefinement by simulated an-
nealing using the program X-PLORI—23) was initiated
by employing a temperature gradient of 3060300 K in
25 deg increments and a time step of 0.0005 pB, -2
omit maps were computed in 10 amino acid increments and

adjustments made to side chains and, where necessary, mai

chain amino acid groups. Refinement by simulated annealing
and rebuilding were alternated until no further improvement

in structure or statistics was apparent. Water molecules were

added to the model and temperature factors refined only in

the last cycles of refinement. Model building was carried Present as well. \ :
nfre that Cys 34 and Cys 123 in proteinase K are Val 37 and

out on an Evans and Sutherland PS 390 using the progral
FRODO @4). Additional analyses and final images were
prepared for presentation using SETGR)(and O 6) on

an SGI 340 VGX.

The P. cyclopiumprotease is one amino acid longer than
proteinase K (280 vs 279), with two additional residues at
the amino terminus but two fewer at the carboxy terminus.
There are two insertions of amino acids in the former with
respect to the latter, Ser 11 and Ala 63, and one deletion, at
Gly 259 of proteinase K. Insertions and deletions occur in

urface loops and produce little conformational perturbation.

esidues of the catalytic triad ¢f. cyclopiumwere im-
mediately recognized by homology to be Ser 228, His 73,
and Asp 42. Other residues highly conserved among the
subtilisin proteases3(, 32), underlined in Figure 2, are
Among the differences with proteinase K

Ala 127 in theP. cyclopiumprotease, while Cys 178 and
Cys 249 in the former are conserved in the latter (Cys 182,
Cys 254). Thus, while proteinase K has two disulfide bonds,

Before refinement was begun, the data set was partitioned”- Cyclopiumprotease has but one.
into a working set (90%) and a test set (10%) as described Proteinase K has a free cysteine at position 73 lying very

by Brunger 27). The test set was used to calculate the
statistical quantityRyee Which was used to monitor the course
of refinement. TheR-factor was 0.18 and thig.. was 0.22
for the final model which contains 280 amino acids, 110
water molecules, a Gaion, and one molecule of PMSF.
Other relevant statistic2{—30) regarding the refined model
are found in Table 2.

RESULTS

Sequence Comparison with Proteinase ®he amino acid
sequence dP. cyclopiunprotease when compared, in Figure
2, with that of proteinase K shows 49% identity, with a high
degree of homology among the remaining amino acids. The

near the active site and which has been suggested to play a
role in catalysis ). P. cyclopiumprotease has no corre-
sponding cysteine, the homologous residue being threonine.
Proteinase K also has a secondary, weak @inding site
using ligands provided by Thr 16 and Asp 260.
cyclopium protease there are no suitable ligands at the
corresponding locations, and this®&inding site is absent.

Secondary Structure Comparison with ProteinaseAS
described for proteinase R,(3), the secondary structure of
P. cyclopiunmprotease, seen in Figure 3, consists of a central,
seven-stranded parallgtsheet framed above and below by
long a-helices and containing, as well, several antiparallel
p-ribbons near the extremities of the molecule. ThéCa
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FIGURE 2: Sequence comparison of tRecyclopiumprotease with proteinase K from albumLimber. The two proteins are 49% identical

to each other as indicated by vertical bars in the 274 amino acid overlap. When conservative amino acid substitutions are considered
(double dots), the sequences show about 88% similarity. The protein sequence analysis was performed using the FASTA Pearson and
Lipman search for homologous sequences in the Wisconsin Package versid)&iin(on a VAX alpha computer.

Ficure 3: P. cyclopiumprotease structure along with the 110 water molecules, shown as white spheres, included in the model. Proteinase

K has 178 waters associated with it in its crystal structure. Helices are in green and sheet strands in yellow. The catalytic triad is shown

in red along with Asn 165, which binds the water molecule, the red sphere, present in the oxyanion hole. Analysis of over 90 subtilisin-like
proteases reveals that 12 amino acid residues are almost perfectly conserved and these, which also include the catalytic residues in red, are
shown in purple. The conserved residues are not randomly distributed over the protein but are restricted to roughly a quarter of the molecule.

binding site and the active site of the enzyme lie on opposite comprised of residues 1#4.34. Other notable variations
sides of the protein. The catalytic triad is solvent accessible occur in loops containing amino acids 179, 246, and 265.

but is found at the bottom of one end of a rather long cleft  proteinase K has two unusual helices in that cné,

across a face of the molecule.

contains a proline (228), and anotheg, contains a small

As seen in Figure 4, major secondary structural elementsextra loop (amino acids 7983) before completing its final
of the two proteins are virtually superimposable, particularly turn. P. cyclopiumprotease contains a proline (232) embed-
the parallelg-sheet and helices comprising the core of the ded in helixa4 as well. P. cyclopiunprotease also contains
molecule. The rms difference in,Goordinates between the small extra loop, though different in sequence, near the
homologous residues is 0.85 A. The only significant end of helixoa2. Again, this allows conservation of the
deviations are in the connecting loops, particularly that structure observed in proteinase K. Proline 171 in proteinase
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FiGure 4: C, backbone tracing oP. cyclopiumprotease shown in yellow in two different orientations superimposed on the backbone of
proteinase K. Although there is only a 49% amino acid identity between the two proteins, the degree of congruence is exceptional.

Ficure 5: Disulfide bridge between Cys 34 and Cys 123 (shown in red) in proteinase K replaBedyclopiumprotease by Ala 127

(shown in green). A consequence of removing this constraint is the largest variation in relative dispositions of polypeptide chains between
proteinase K andP. cyclopiumprotease. This involves the loop between Gly 114 and Leu 137 which assumes a substantially different
conformation in the two molecules.

K was observed to have a cis conformation as, indeed, all 34—Cys 123 disulfide in proteinase K was described as an
proteases of this class so far analyzed by X-ray diffraction anchor to link helixa3 and strangsll4 (3). A consequence
(3). P. cyclopiumprotease also has a proline (175) at the of its removal is shown in Figure 5. The loop iA.
corresponding position, and it is also in the cis conformation. cyclopiumprotease containing residues H¥34 and, cor-

A significant difference in the structures of proteinase K responding to strangll4 in proteinase K, has assumed a
and P. cyclopiumprotease arises from a comparison of substantially different conformation and has swung out away
disulfide bridges. Both enzymes have one homologous from the end of helixa3. This divergence of loop
linkage, Cys 178 Cys 249 in proteinase K and Cys 182 conformations represents the greatest difference in backbone
Cys 254 inP. cyclopiumprotease. The second disulfide in conformations seen anywhere in the molecule.
proteinase K, between Cys 34 and Cys 123, would have The Active Site Native crystals for this analysis were
corresponding residues Val 37 and Ala 12Pincyclopium grown from protein exposed to an excess of PMSF during
protease; hence no second disulfide is possible. The Cyspreparation and crystallization to prevent autoproteolysis.
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Ficure 6: Alternate dispositions of the PMSF molecule bound at the active sRe ofclopiunprotease. For that in blue the benzene ring

is arbitrarily placed, as it was not visible in the electron density map. The orientation of the PMSF in green occupies a portion of the
substrate binding site. The,@ackbones bearing the catalytic side chains of Ser 228, His 73, and Asp 42 &yclopiumprotease

(yellow) and the corresponding residues for proteinase K (white) are shown superimposed. The superposition of Ser 228 and Asp 42 side
chains is, within experimental error, exact. The imidazole ring of His 73, however, is rotated dramatiBaltyalopiunprotease compared

to that observed in proteinase K.

FiGURE 7: Octahedrally coordinated €aion shown here as a yellow sphere with the two segments of the polypeptide chain which provide
ligands. Three water molecules, seen as red spheres, and the carbonyl oxygen of Val 181 form the equatorial plane. The carboxyl of Asp
204 is at one apical position. The sixth position is occupied by a water molecule, also seen as a red sphere, hydrogen bonded to the
carbonyl oxygen of Ala 178.

Indeed, no cleavage of the polypeptide chain was evident.disordered in the active site cleft. These alternate positions
We expected to observe a single PMSF molecule at the activeare shown in Figure 6.

site but found a somewhat more complicated situation. The  Eyen though the hydroxyl of Ser 228 is bonded to a PMSF
hydroxyl oxygen of active site Ser 228 lies immediately sulfur, there appears to be no distortion of the main chain
adjacent to a dense peak which we assume to be the sulfuand almost none for the serine side chain from the conforma-
of a bound PMSF molecule. The benzene ring of this PMSF tion observed in proteinase K. The ordered PMSF lies in a
is, however, apparently disordered as we see no density togroove formed by segments Leu 137-Gly 138-Gly 139 and
indicate its location. A second, bilobal peak of electron Gly 164-Asn 165-Glu 166 and has beneath it Ser 173 and
density having the proper characteristics of a PMSF molecule Asn 198.

is also close by, butits sulfur, again a dense peak, lies about Tne catalytic triads of both proteinase B, 33) and P.

4 A from the refined position of the serine hydroxyl. cyclopiumprotease are shown superimposed in Figure 6.
Rotation about the &-Cs bond, however, brings the serine  There is no significant difference in the local conformations
hydroxyl oxygen within covalent bonding distance of this of the respective polypeptide chains bearing the catalytic
second sulfur as well. While the second PMSF could be residues. In addition, the active site Ser 228 and Asp 42
reversibly bound by secondary interactions at the active site,side chains oP. cyclopiumprotease are congruent with the
we interpret the two sulfur positions to likely indicate corresponding side chains in proteinase K (Ser 224 and Asp
alternate positions of a single covalently bound PMSF. The 39). The major difference is in the orientation of the side
electron density is most consistent with two orientations of chain of His 73, which has assumed a position corresponding
a PMSF, marked by the sulfur peaks, in one case orderedto approximately a 90rotation about the £-Cs bond.

by the substrate binding site and in the second caseWhether the change in orientation is a consequence of the
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PMSF bound to Ser 228 we cannot be certain. We observeidentically those same residues at the corresponding sites
thatP. cyclopiumprotease, as for proteinase K, and indeed and in the same orientations. Both proteases have very low
most other serine proteases, also contains a water moleculesubstrate specificities, and it seems reasonable to assume that
in the “oxyanion hole”, in turn hydrogen bonded to Asn 165. they are essentially the same.

The Calcium Binding Site Coordination of the calcium The polypeptide atoms of the catalytic triad are superim-
ion in P. cyclopiumprotease is not the same as described posable for proteinase K ariel cyclopiumprotease, as are
for proteinase K although several ligands are the same. Asthe side chains of the serine and aspartic acid. This is in
illustrated in Figure 7, three water molecules and the carbonyl spite of the covalent attachment of a PMSF molecule to Ser
oxygen of Val 181 form a square planar, equatorial array 228 of P. cyclopiumprotease, a modification which appears
around the C#. In proteinase K the homologous Val 177 to produce no substantial perturbation. The side chain of
carbonyl was also an equatorial ligand. The carbonyl oxygen His 73 has adopted a significantly different orientation,
of Val 202 is situated in such a way that it can hydrogen however, rotating about the &g bond by about 90
bond to water molecules in the equatorial plane. Apical Similar alternate conformations of this histidine have been
ligands are the carboxyl group of Asp 204, identical in observed in the catalytic triads of both trypsin-like and
function to the carboxyl of Asp 200 in proteinase K, and a subtilisin-like proteases complexed with inhibitoB6( 37,
fourth water molecule. In proteinase K, this apical ligand and R. Bott, personal communication). The oxyanion hole
was provided directly by the carbonyl oxygen of Pro 175. present in all serine proteases so far analyzed is occupied

The equatorial plane of the proteinase K2Chinding site by a water molecule hydrogen bonded to Asn 165. Unlike
contained five ligands, and the coordination geometry was proteinase K, and several other subtilisin like proteases, there
a pentagonal bipyramid3( 34). In P. cyclopiumprotease is no cysteine residue adjacent to the histidine at the active
the C&* is octahedrally coordinated with several, perhaps site, being threonine iP. cyclopiumprotease. Thus we
all, of the water ligands hydrogen bonding to protein oxygen conclude that no sulfhydryl group plays any significant role
atoms. The waters thus bridge between thé*Gad the  in the catalytic mechanism.
protein. The second apical ligand is not the carbonyl oxygen A significant variation we do observe in the structures of
of Pro 177 as seen in proteinase K but a water bridging the proteinase K andP. cyclopiumprotease that could suggest
Ca&* to the carbonyl oxygen of Ala 178. We examined our long-range mechanistic differences is the alternate coordina-
electron density maps for alternatives that might allow us to tion geometry of the calcium. The difference in the binding
utilize the carbonyl oxygen of Pro 177, but the density was of the C&" ion may reflect the flexibility that ion shows in
clear. The proline was rotated in such a manner that this the arrangement of its ligands, a flexibility seen across a

was simply not possible foP. cyclopiumprotease. range of other protein structures containing calcium ions,
and within proteinase K itself, where its weakly bound
CONCLUSIONS calcium ion is octahedrally coordinated.

Bajorath et al. (34) noted that the strong €a site of
fproteinase K was linked through a network of hydrogen
bonds to the active site 17 A away. They further found that
removal of the strongly bound €3 though promoting no
large local structural changes, nonetheless produced subtle
alterations at the substrate binding site. These in turn led to
& significant reduction in enzymatic activity over a period
of hours. The protease frof. cyclopiumappears to be
otherwise, perhaps as a consequence of the differetit Ca
coordination geometry and subsequent modifications to the
associated network of hydrogen bondB. cyclopiumpro-

' 4ease does not lose activity in the presence of high concen-
rations of EDTA, and it crystallizes isomorphously both in

its absence and presence. Thus thé"CGaquirement for

full activity appears to be relaxed, or perhaps it has not yet

evolved.

The protease fron®. cyclopiumand proteinase K have
49% sequence identity and otherwise a high degree o
homology, in spite of the substantial phylogenetic difference
of the two fungi which produce then3%). The polypeptide
backbones are virtually superimposable with an rms C
difference overall of 0.85 A. The only significant variation
appears in the loop between residues 114 and 134, and thi
is a consequence of the absenc®irtyclopiunprotease of
a disulfide bridge that is present in proteinase K.

Over 90 proteases of the subtilisin class have been
characterized in terms of their amino acid sequences
Examination of these sequences, extending from bacteria an
fungi through higher plants and animal3l( 32), reveals
that there are 12 amino acid residues that are completely
conserved. Among them are those comprising the catalytic
triad. In addition, however, others seen in Figure 3 suggest
crucial structural or physiological functions. ACKNOWLEDGMENT
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