
Chztobcr 1992 Volume 311, number 3, 221-.284 FEBS 11669 
0 1992 Federation of European Biochemical Societies 00145793/92/S5.00 

Structural relationship between lipases and peptidases of the prolyl 
oligopeptidase family 

L&z16 Polgir 

hsrirure of l3qvnoiogy, Biological Rcseurclt Cettrer, Hurtguriatt Acttden~y of Sciences, PO Box 7, H-I518 Budupesr, Hungury 

Received 14 August 1992; revised version received 9 September 1992 

In prolyl oligopcptidase and its homologues, which constitute a new serine protease family, the order of the catalytic Ser and His residues in the 
amino acid sequence is the reverse of what is found in the trypsin and subtilisin families. The exact position of the third member of the catalytic 
triad, an Asp residue, has not ycl been idemiiicd in the new family. Recent determination of the three-dimensional structures of pancreatic and 
microbial lipascs has shown that the order of their catalytic rcsiducs is Scr, Asp, His, and this fits the order Scr, His of prolyl oligopeptidase. 
However, there is no sequence homology bet\vcen lipases and peptidascs, except for a lo-residue segment, rvbich encompasses the essential Ser, 
and for Ihe immediate vicinity of the catalytic Asp and His residues. Thiscomparison identifies the catalytic Asp residue in the prolyl oligopcptidase 
family. The relative positions of the three catalyric residues in pepddascr; and microbial lipases were the same and this indicated structural and 

possibly evolutionary relationship bctwcen the two families. 

Scrine protease family; Prolyl oligopeptidase; Lipase structure; Evolutionary relationship 

1, INTRODUCTION 

The amino acid sequence homology among pancre- 
atic, hepatic and lipoprotein lipases clearly shows that 
all three lipascs are members of a common protein fam- 
ily [1,2]. A short, about lo-residue, homologous seg- 
ment of these enzymes, which contains the functional 
serine residue, is also encountered in lingual/gastric li- 
pases [3,4], in prokaryotic lipases [2,5-71, and in leci- 
thin- cholesterol acyltransferase [2,7,8]. Apart from the 
short region, the lingual/gastric lipascs, the prokaryotic 
lipases and the lecithin-cholesterol acyltransferase do 
not show any significant sequence homology to the pan- 
creatic, hepatic and lipoprotein lipase family. 

Recent X-ray crystallographic studies have revealed 
the three-dimensional structures of human pancreatic 
lipase [9] and a lriacylglycerol lipase from Rltizotnucor 
tniehei [IO]. These studies have shown that both en- 
zymes possess a triad of Ser. ..Mis.. .Asp, which is anal- 
ogous to the catalytic residues of serine proteases 
[ll,IZ]. No other structural relationship to the known 
serine proteases was found, however. 

We have recently reported that some peptidases, in- 
cluding prolyl oligopeptidase, dipeptidyl peptidase 1V 
and acylaminoacyl peptidase, constitute a new family of 
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serine proteases that is not related to the well-known 
trypsin and subtilisin families [!3]. Specifically, the 
order of the triad residues is different in the three pro- 
tease families: His*‘. . .AsP’~‘.. .Serlg5 in chymotrypsin, 
Asp3’. . .HiP . ..Ser”’ in subtilisin, and Se?%, His6”’ in 
prolyl oligopeptidase where the position of the Asp res- 
idue has not yet been established. The positions of the 
catalytically competent Ser and His residues in the 
members of the new family were elucidated not only by 
sequence alignment but also by chemical modifications 
[14-171. It is important that the order of Ser and His in 
the oligopeptidase family is the reverse of that found in 
the trypsin and subtilisin families but identical with that 
reported for lipases: §erls’.. .Asp’76. ..His’63 and 
SeP’. ..Aspzo3.. . His”’ for tile pancreatic 191 and micro- 
bial [lo] enzymes, respectively. This finding prompted 
us to examine whether or not a relationship between the 
lipase and prolyl oligopeptidase familes can be detected. 

The basic features of the three-dimensional structures 
of the pancreatic and the Rltizontucor miehei lipase are 
similar and characterized by a central 8-9 stranded /3- 
sheet associated with several a-helical segments [9,10]. 
However, computer search failed to show amino acid 
sequence homology between tile mammalian and mi- 
crobial lipases, apart from the short segment containing 
the essential Ser residue [2,7]. We could not detect se- 
quence homology between lipases and peptidases tither, 
except for the short Ser segments. However, a distant 
retationship bc:ween !Ipasts and the members of the 
oligopeptidase family may be established by examina- 
tion of tile similarities between the short segments com- 
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prising the three catalytic residues and by comparison 
of the topologies of the triads. 

2. RESULTS AND DISCUSSION 

2.1. Cotnparisott of lipuses 
Fig. 1 illustrates the short segments containing the 

three catalytic residues. The enzymes are arranged in 5 
groups: (i) the pancreatic/hepatic/lipoprotein lipase 
group; (ii) the lingual/gastric lipase group; (iii) the mi- 
crobial lipases; (iv) the acyltransferase; and (v) the pep- 
tidases. The relationship among the different lipase 
groups is restricted to the Ser segments. It is apparent 
that the similarity extends over the most conservative 
hexapeptide containing the essential Ser. At position 4 
there is a fairly conserved Val which is replaced by 
closely related Ile or Leu in a few cases. Position 6 is also 
occupied by residues with hydrophobic side chains, 
whereas a basic residue is often encountered at position 
3, as well as at position 2. As for the Asp and His 
segments, homology may not be observed between the 
different groups, except for the microbial enzymes and 
the lecithin-cholesterol acyltransferase. The absence of 
significant homology between groups 1 and 3 is not due 
to misalignment because the members of their catalytic 
triad were identified by X-ray crystallography. In the 
Asp segment of group 2, however, the catalytic residue 
could not be identified unequivocally, and the second 
Asp (ADP) may be an alternative candidate. 

The third group of Fig. 1 includes the microbial li- 
pases. For the first enzyme (3a) the catalytic residues are 
known from X-ray diffraction measurements [lo]. Ho- 
mologous segments with the catalytic residues could 
also be observed in staphylococcal proteases (3b, 3~). 
However, we were not able to find the Asp and His 
region in the amino acid sequence of the lipase from 
Pseurlotnonusfiugi (3d). This is consistent with the spe- 
cial structural feature of the enzyme, which is thought 
to originate from a preprotein consisting of only 135 
amino acids, and has the essential serine at position 83 
[lS]. Since the shortest distance between Ser and His 
contains more than 100 residues in all lipases (see 
below), we conclude that, in contrast to the notion that 
this enzyme is the shortest lipase, the published amino 
acid sequence is incomplete, lacking the C-terminal re- 
gion. 

2.2. Comparison of lipuses ard peplidascs 
As for the 17-residue Ser segment, it is seen from Fig, 

2 that the proteases are more related to the microbial 
lipases (residue identity: 5-7) than to the pancreatic 
lipase (identity: 34). It is important that the homology 
between peptidases and microbial lipases is only slightly 
different from that among i’ne in&vi&d peptidases 

(identity: 6-7,9 only for the two dipeptidyl-peptidases). 
Fig. 2 clearly shows that homologous sequences be- 
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Segments of the catalytic residues 

ser ASP His 
Mammalian lipasea I 

la tium.pan." 
lb Por.pan. 

FSNVH"I&@#AAG 
PSNVHVI~HAAG 

lc Raf hsg. 
18 lium.1ip. 

RSKYHLI~WSG 
LDNVHLL~YSLG~HAAG 

LLPAEPCFQ ACNhLRS 
LDPAEPCFQ ACNHLRS 
LDPACPMFti KChHERS 
LD?AGPNFE KCSHERS 

Mammalian lipnees II 

2a Rat lin. QEKIHXVBTIGF 
It) Hum.gas. QKQLHXVGtlSQGTTIGF 

Microbial lipasos 

NDILADPQD AKNHLDF 
NDL~ADPQD FYNHLDF 

3a Rhiz.mi.+ 
3b Stap.au. 

SXKVAVT&lIStGGATAA 

30 Stap.hy. 
GKKVHLV-GTIR 

36 Pseu.fr. 
PGPVHFI~QTIR 
AQRVNLIWLTAR 

Acyltransferase 

4a tium.lec. GKPVFLI-LHLL 

PeptidasQs 

la Hum.pro. 
Sb F.m.pro. 

PKPLTINGGSNGGLLVA 
KEXMALSS;fiSNGqLLVG 

5~ E.co1.p. 
5d Rat acy. 

PSLCXAMFGSAGGMLMG 

Se Pig acy. 
ARRVALMJiGStiGGFLSc 

Sf Rat dip. 
AGRVALMGGBHGGFLSC 

5g Hum.dip. 
SKRVRIVFWSYGGYVTS 

5h Yea.dip. 
NKRIAIVGWSYGQYVTS 
PQKIELFGWSYGGXLTL 
93 a i i is 

RDI-VPHLP VLDMt.RY 
NDGWPVIS GWDHVDF 
NDGLVSQIS GWDHSDF 

EDII-VFIST IYDHGFP 

DDRWPLHS KAGHGAG 
DDRWPAIIS NAGHGAG 
-0SQVQXWE DSGHGGK 
EDRR~PFKQ KSNHALS 
EDRRVPFKQ KSTHALS 
DDN-VHFQQ DEDHGIA 
DDN-VHFQQ DEDHGIA 
DON-VIIPQN 

i i DSDYIR 

Fig. 1. Alignment or amino acids around the thrc- catalytically impor- 
tilnt residues. * = member or the catalytic triad; I- = the triad \vas 
identified by X-ray crystallography; i = identical residues in groups 3 
and 5; s = similar miducs (G,A,S,T; K.R; V.L.1; Y,F; D,E,N,Q) in 
groups 3 and 5. The most conservative region in Ser segments is 
underlined. Hum.pan., human pancreatic lipasc; Por.pan, porcine 
pancreatic lipase; Rat hcp., rat hepatic lipase; Hum.lip.. human lipo- 
prolein lipase; Rat lin., rat lingual lipase; Hum.gas., human gastric 
lipase; Rhizmi., Rhixhirorz rrrkkei lipase; Stap.au., S~~~/r~~luroccrrs 
UIIWIIS lipasc; Stap.hy., Srup~~_Wwccro hyicus lipase; Pscu.fr., Aardu- 
MOII~.S _/kg! lipasc; Humkc., human lecithin-cholesterol acyltruns- 
ferase; Hum.pro., human prolyl oligopeptidasu; Pig pro., pig prolyl 
aligopeptidasc; F.m.pro., F. nr~rrirrgos~~priclrrrr prolyl oligopeptidase; 
E.col.p., fZ, cob protease 11; Pig acy., pig acylaminoacyl-peptidase; Rat 
acy., rat acylaminoacyl-peptidase; Rat dip., rat dipeptidyl-pcptidase 
IV; Hum.dip.. human dipeptidyl-peptidase IV; Yca.dip., yeast dipepti- 
dyl-peptidase IV. Alignment of the sequences or members of pralyl 

oligopeptidasc family (group 5) is rrom [ 191. 

tween lipases and peptidases are also encountered with 
respect to the aspartic region. The closest similarity is 
found with the staphylococcal lipase and prolyl oli- 
gopeptidase, having 5 identical residues in the St-residue 
segment (3b and Sa,b of Fig. 1). The consensus sequence 
for the three enzymes is XCXVVPXXS. The valine res- 
idue at position 5 is also conserved in groups 3, 4 and 
5. It is interesting that the aspartic region of the micro- 
bial lipase is more related to that of prolyl oligopepti- 
dase than of the pancreatic lipase (residue identity: 2). 
Moreover, this region is less conserved in khe homolo- 
gous peptidases, as well as in the microbiai iipases. 

As for the His region (Fig. 2), there is no homology 
between any two groups. Even within one group, only 
the same enzymes of different species, for example Sf, 
5g and 5 h (Fig. I), show an obvious relationship. Thus 
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881 eegmnt 

la Hum.pan. 
38 Rhiz.mi. 
3b Stap.au. 
4a Hum.lec. 

5s num.prc. 
Sd Rat acy. 
Bf Rat dip. 
5h Yea.dlp. 

nap segment 

la Hum.pan. 
3a Rhiz.ini. 
3b Stap.au. 
4a Hum.lcc. 

5a Hum. pro. 
5d Rat acy. 
5f Rat dip. 
5h 'Xea.dip. 

nis segment 

la Hum.pan. 
38 Rhiz.mi. 
3b Stap.au. 
4a num.lec. 

58 Hum.pro. 
56 Rat acy. 
5f Rat dip. 
5h.Yaa.dip. 

1a 3a 3b 4a 5s 

17 
0 17 
I 8 17 
I 6 7 17 

4 5 5 11 
4 6 6 t 7 
4 7 6 s 7 
3 5 6 I 

I 

6 

la 3a 3b 4a 5a 

9 

2 1 s z 9 

la 3a 3b 4a 5a 5d 5f 5h 

7 
2 7 
2 7 
1 

: 
2 7 

I 

; : 12 1 1 7 2 
r 

: 
2 3 2 

a 2 2 

I 

1 

5.d 5f 5.h 

17 
7 
6 

Sd 5f 5h 

9 
4 
3 

7 
1 
2 

17 
9 17 

f: 9 

7 
4 7 

Fig. 2. Pair-wise comparisons of the segments contnininy the catniytic 
residues. The numbers of identical residues are shown. For abbrevia- 
tions of the enzymes see Fig. I. For a better overview, the identity 
numbers for comparisons between proleases and lipases including the 

acyltransfcrase arc emphasized by rectangles. 

a significant homology between the His segments of 
lipases and pcptidases may not be expected, and this is 
consistent with the finding that the triad residues are 
located in loop regions [20] (see below) where mutations 
are rather frequent. However, a significant homology 
for certain enzymes of different groups can be observed 
in the immediate neighbourhood of the catalytic His. 
Thus, yeast dipeptidyl peptidase IV (Sh) and the staph- 
ylococcal lipase (3~) have a common triad Asp-His-Ser, 
whereas Asp-His-Gly is common to the mammalian 
dipeptidyl peptidases (Sf, Sg) and lecithin-cholesterol 
acyltransferase (4a). Accordingly, the loop regions of 
enzymes of different groups may be more conserved 
than the corresponding segments of the enzymes en- 
countered in the same group. 

2.3. The topology of the ctmiytic ~~siducs 
The three-dimensional structures of the mammalian 

and microbial lipases [9,10] show that the catalytic Ser 
and His residues occupy similar steric positions on the 
loops following strand 5 and strand 8, respectively. 
However, the Asp residue follows strand G in the mam- 
malian enzyme but strand 7 in the microbial enzyme 

S-D D-H s-11 

la Hum.pan. 5152 24 Dl?G 07 I4263 lli 
1~ Rat hop. 5147 26 D173 64 HZ57 110 
Id Hum.lip. 6132 24 DlSG 65 H24I 109 

2a Rat lin. 5153 131 D284 29 H513 160 

ra Rhiz.mi. 5144 
S412 1% 

D203 
3b Stap.au. D604 :41 

n257 113 
n645 233 

3c Stap.hy. 5369 190 D559 41 n600 231 

4a Humleo. 5161 81 D262 67 ii329 146 

5a Hum.pro. 5554 
Sd Rat acy. s557 :8e 

D642 36 H680 126 
D675 

:f 
n707 A20 

Sf Rat dip. 6631 79 D-i10 n741 110 
5h Yea.dip. 5678 70 WI56 32 H766 110 

Fig. 3. Residues of the catalytic triad and the numben of residues 
between them. For abbreviations of the enzymes see Fig. 1. S-D, D-H 
and S-H show the numbers of residues between the catalytic Ser and 

Asp, Asp and His, and Scr and His, rcspectivcly. 

1201. It is seen from Fig. 3 that the pancreatic lipase and 
its homologues in the first block have the shortest dis- 
tance between the Ser and Asp residues, and the longest 
distance between the Asp and His residues, in agree- 
ment with the position of Asp being in the loop follow- 
ing strand 6. It is probable that in the other enzyme 
groups, in particular in microbial lipases and in pepti- 
dases where the distance between Asp and His is shorter 
(Fig. 3), Asp follows strand 7. The catalytic Asp in the 
prolyl oligopeptidase family has not been identified so 
far. In the alignment of the amino acid sequences [13] 
two Asp residues are conserved: Aspa? (prolyl oli- 
gopeptidase numbering) shown in Fig. 1 is located be- 
tween Ser and His. The other conserved residue, Aspsz9 
precedes the catalytic Se?‘” in the amino acid sequence. 
Since the hydrophobicity of the environment of Aspa’ 
varies greatly between family members relative to that 
of Asp”“, the latter was preferred as the third member 
of the catalytic triad [ 193. The homology with the micro- 
bial lipases (Fig. 1) and the similar topology, however, 
indicate that Asp(“” should serve as the catalytic 
residue. 

It is an interesting structural feature of lipases that 
their catalytic triad is covered by a surface loop or flap 
[9,10], and the repositioning of this flap is necessary to 
render the catalytic site accessible to substrate. A similar 
flap may be conserved in the peptidases of the prolyl 
oligopeptidase family since we pointed out that the rate- 
limiting step in the catalysis of prolyl oligopeptidasc 
should be a physical rather than chemical step, presum- 
ably a conformational change [21,22]. 

The existence of enzymes more distantly related to the 
five families discussed above is apparent from the re- 
cently reported three-dimensional structures of a lipasc 
from the fungus ~eor~+cl~~~z cunctic(u~~~ [23] and ace- 
tylcholinesterasc [24]. Both enzymes have a central /I- 
sheet characteristic of lipases and a catalytic triad with 
the acid after strand 7. However, the catalytic acid is 
Glu in these two enzymes rather than Asp. . 
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A somewhat different #8-sheet structure has also been 
found with wheat carboxypeptidase ;~I [25], which is 
homologous to yeast carboxypeptidase Y and the barley 
carboxypeptidases I and 1I [26]. In these peptidases 
there is a crossing-over in the first part of the molecule 
so that strand 5 precedes strand 4 in the amino acid 
sequence. Nonetheless, the topology of the catalytic 
triad has not changed, the order of the residues is Ser 146, 
Asp ~s and His ~97. The conservative Gly in the Set seg- 
ments o f  all 5 groups of Fig. 1 (GXSXG_) changed to Ala 
(GXSXA_) in the carboxypeptidase group. However, the 
relationship is clearly seen in the Asp segment 
(DAVVPL), in particular when compared to timt of the 
staphylococcal lipase (3b of Fig. 1, DGVVPV) and of 
prolyl oligopeptidase (5a of Fig. 1, DRVVPL). The ho- 
mology of the His segment is as low as in the other 
cases. Hence the carboxypeptidases may constitute a 
subfamily of  the prolyl oligopeptidase family. 

It cart be concluded that a central fl-sheet structure 
serves as an ideal scaffold for holding the catalytic triad. 
However, the differem lipases, proteases, cholin- 
esterases, acyltransferases and carboxypeptidases have 
not necessarily diverged from an ancestral structure. It 
is possible that some of the different groups have arisen 
by convergent evolution as is known for the trypsin and 
subtilisin families [11,12]. Nonetheless, it cannot be ex- 
cluded that the proteases of the prolyl oligopeptidase 
family and the microbial lipases are evolutionarily re- 
lated. These two groups appear to display the least dis- 
tant structural relationship, which is supported by: (i) 
the sequence homology of the catalytic segments, (ii) the 
similar topology of the triad, and (iii) the not entirely 
opened active site. It is interesting that the lecithin- 
cholesterol acyltransferas¢ is more similar to the previ- 
ous two groups than are the lingual/gastric lipases, hav- 
ing the same topology but sequentially unrelated Asp 
and His segments. The homologous of pancreatic lipase 
exhibit the most distant relationship as their catalytic 
Asp residue follows strand 6 rather than strand 7. 
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