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Fibronectin type ITl-like sequences are present in many proteins from higher cukaryotes and are invelved in protein-protein interactions, heparin

binding and cell adhesion. A nine-member family of bacterisl sequences is shown to be significanuly homologous to the type II-like sequences.

All the sequénces are contained in secreled depolymerases acling on complex, energy-rich insoluble substrates, in which they apparently do not

participate in catalysis or subsirate-binding, their exacl function remaining unclear. Furthermore, a new family of sequences, present in some
cellulases, is presented.

Amylase; Cellulase; Cellulose binding-domain; Chitinase; Fibronectin; Poly-3-hydroxybutyrale depolymerase

1. INTRODUCTION

Depolymerization of complex, insoluble, and some-
times crystalline natural polymers, such as cellulose,
xylan, chitin and starch, often involves protein domains
with catalytic and substrate-binding capabilities [1].
Trichoderma reesei 2], Cellulomonas fimé [3), Bacillus
lautus [4,5], and some Closiridia [6-8) produce efficient
and well-characterized cellulose- and xylan-degrading
enzyme systems. While fungal, acrobic- and some an-
acrobic bacterial systems are believed to be composed
of various non-associated polypeptides with catalytic
and substrate-binding domains, CL thermoceflum and
Cl. cellulovorans produce a high molecular weight (2-4
MDa) cellulosome which consists of catalvtic pelypep-
tides joined to a large cellulose-binding protein [9,10].

By conventional primary amino acid sequence analy-
sis and hydrophobic cluster analysis [1 1], nine families
of catalytic domains (A-I) [1,12] and five families of
cellulose-binding domains (I-V) have been identified
(N.R. Gilkes, personal communication; Coutinko et al,,
paper submitted) which, in the non-associated enzyme
systems, are joined by linker sequences [1]. In contrast,
catalytic subunits of the czllulosome contain a 24 amino
acid repeated sequence which binds to the central pro-
tein (CbpA) [13]. CbpA must in turn have cellulose-,
subunit- and perhaps cell-binding functions. Shoseyov
et al. [14] showed that CbpA of CL celliloverans con-
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tains a family Il1 cellulose-binding domain, a hydro-
phobic, probably subunit-binding domain type, and a
hydrophilic domain, homologous to regions in endo-f-
1,4-glucanase EG-Z of Cl. stercorarium [15].

It was recently reported that CenB of Cell. fimi, puta-
tive protein ORFX of Cell. flavigena [16], and chitinase
Al of B. circulans WL-12 [17] contain sequences homol-
ogous to type 111 repeats (Fn3’s) in fibronectin, a eukar-
yotic extracellular matrix adhesion molecule [18]. Fn3’s
in fibronectin are probably involved in protein-protein
interactions, heparin-binding and cell adhesion [18].

The presence of Fn3-like sequences ard tiydrophilic
Cl cellulovorans CbpA-like sequences in several hydro-
Iytic enzymes acting on insoluble natural polymers is
reported.

2. MATERIALS AND METHODS

The PCGENE soltware package (Genofit, Switzerland) was used
on PC-AT compatible microcomputers for alignmeni of protein se-
quences (PALIGN and PCLUSTAL) and construction of phylogen-
etic trees (PCLUSTAL), while the FASTA soflware package was used
for scanning data banks, PCOMPARE was used 1o caleulaie the
alignment scores, using the MDMa; matrix [19], HCAPLOT was used
on Apple computers to present sequences for hydrophobic cluster
analysis [111.

3. RESULTS

3.1. Fn3’s

Comparison of the reported Fu3’s of chitinase Al of
B. circulans WL-12 [17], CenB of Cell. fimi [16], and
putative protein ORFX. of Cell. flavigena [20] with the
SWISS-PROT Protein 3equence Database release 20,
using ti:e FASTA program:, revealed that an a-amylase—
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CthARP 894 Q==NLTIAPQ-PITDLKAVSGNGKVDLENSVVDKAV=a===SYNIYRSTVKGGL
CthAAP 1126 PSNDVETPTAR -VLOOPGIESSRYWLDHWSPSADDV=--AIFGYAIYKSSSETGP
AfaP3HB 340 TE=---DAGSAPTGLAVIATESTSVSLOSWNAVANA=~——~ SSYCGVIR——--NGS
BeiChAl 458 PPVDTTAPSVPGNARS TGVTANSVELAWNASTDNV -~GVIGYNVIN====GAN
BcicChal 553 PGGDTOARTAPTNLASTAQTTSS ITLEWTAS IDNV=-=GVIGYDVIN=-===GTA
cf£iCend 644 TTTRITPRPTTPSTPVATGVITVGASLSWAASTDAG=-SGVAGYELYRVQGTTQT
C£iCenB 742 TTGETEPPTIPGTPVASAVISTGATLAWAPST--GDPAVSGYDVLRVQGTTTT
C£iCenB 840 PPVDTVAPTVPGIPVASNVATTGATLTWIASTDSGGSGLAGYEVLRVSGTTQT
CE£1lORFX 106 DPTDTQARSVPSCGLTACTVIET SVALSWIASTDNV-~-GVIGYD VIR —~=NGS
Bacterial (9) DT AFT B vT VILSH ASTD Vv GV G¥ VIR
Fikronectin (16) P L T T &§ VW TEYRV

Titin (~200) PGPP VvV VI SVLW P DGGES I GYIVEKRD W
Twitchin (31) PGP PEVDV D TL W PP DDGGAPI YVVEK D W
Cytotactin (8-11) IDP L D W P X
Phosphatase (16) o™V VvV L N LLW GD X

Cytekine rec., (40) P L VW x X

Total consensus P T LW TV

CthAAP 941 YEKIASNVTQI-TYTDTEVINGLKYVIAVIAVDNDGNESALSN==—=—m——= EV
CthAAP 1177 FIKIATVSDEVYNYVDTIDVVNGHNVYYYKVVAVD TS YNRTASNTVRATPDIIPI
AfaP3HB 380 KVGSATATA-~--Y¥TDSGLIAGETYSYTVIAVDP TAGESQPSAR~VS =~==AT
BeiChal 504 “LATSVIGTT~==~ATISGLTAGTSYTE T IKAKDAAGNLSAASNA-VIVSTTAQ
BeiChal 599 LATTVICGTT====AT I SGLAADTSYTFTVKAKDAAGNVSAASNA-VSVKTAAE
CL£iCenB 695 LVGTTTAAA===-=Y IRLDLTPGTAY SYVVKAKD VAGHVSAASAA-VIEF TID =~
CLEiCenB 792 VVAQTTVPT-——--VITRSGLTP STAYXTYAVRAKNVAGDVSALSAP ~VIF TTAA~
C£iCenB 892 LYASPTTAT—---VARAGLTPATAYSYVVRAKDGAGNVSAVSEP ~VIF T TL==
CELORFX 153 KVGSSSGTT--=-=-YSDTGLTAATAY QY SYAARDAAGHVSQRSSA-LSVTTKS ~
Bacterial (9) v T T YT GLT GT X ¥ V AKD AGNVSAAS A VI T
Fibronectin (16) T GLPGRY VVA T

Titin (~-200) VI L EG BY FRV A N AGG P v
Twitchin (31) v T Vv GIL. EG EYEFRV AVN AGSDPS AK
Cytotactin (€—-11} L PG EY V L AK S P T
Phosphatase (16) F L PGR X VTS5 L GR
Cytokina rec. (40) L ¥ v S 8 P
Total consgensus L G EY VA

Fig. |, Alignment of Fn3's. Homalegous regions in Ol therniohpdrosuiphuricun g-amylase-pullulanase (CthAAP) (21], A/ faecalis poly-3-
hydroxybutyrate depalymerase (AfaP3HB) [22], 8, circufars chitinase Al (BeiChAl) [17], Cell. firni CenB {CfiCenB) [16], and Cell. flavigena ORFX
(CRORFX) [20] are shiown in the upper part of the alignment. A consensus sequence for the bacterial sequences (Bacterial) was constructed with
amino acids conserved in at least 5 sequences, wilth residues conserved in 8- sequences shown in bold, and completely conserved residues
underlined. Amino acids in the individual sequences, which are identical to the consensus sequence, are also shown in bold. Partial consensus
sequences of Fn3’s in fibronectin [26], titin [23], (witchin [24], cytotactin [25), a protein-tyrosine phosphatase {27] and several cylokine receplors
{28] are shown below. A 1oial consensus sequence (bottom) was construcled by showing residues conserved in at least 4 of the individual consensus
sequences, with completely conserved reridues in bold, Residues in the individual consensus sequences identieal to the total consensus are shown
in beld. Numbers im parentheses refer to the number of sequences present in the protein or group of proteins.

pullulanase from CL thermohydrosulphuricun [21] and 1). The latter and a proline are also conserved in Fn3’s
a poly-3-hydroxybutyrate depolymerase from Alcali- of the eukaryotic proteins: titin {23], twitchin [24], cyto-
genes faecalis [22] also contain such motifs, repeated tactin [25], fibronestin {26], & protein-tyrosine phos-
twice in the former. phatase [27] and several cytokine receptors {28].
Alignment of the bacterial Fn3’s shows conservation Pairwise comparison of the bacterial sequences with

of 6 aminoe acid residues, of which 3 are aromatic (Fig. PALIGN showed that they bave 19.2-71.6% identical,
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and 33.7-83.2% identical plus similar amino acids
(Table I). The homology of these sequences and Fn3's
in fibronectin was assessed with PCOMPARE, which
assigns significance to homologous sequence-pairs with
SD values larger than 3. Each of the bacterial sequences
was compared to the other bacterial Fn3’s and to the
16 repeats in fibronectin, SIv values of 3.98-22.58 were
obtained when the bacterial sequences were compared,
clearly demonstrating the significance of their similarity
(Table I). In addition, each bacterial sequence scored
SD values abave 3 when compared to at least 6 of the
16 Fn3’s in fibronectin, The phylogenetic tree of Fn3’s
clearly shows distinet prokaryotic and eukaryotic se-
quence clusters (Fig. 2).

3.2. Hydrophilic Cl. cellulovorans ChpA-like segierices

By comparing the hydrophilic repeats of Cl zellu-
lovorans CbpA {14], and dornains B and B’ of C! ster-
corariumt EG-Z [15] with the prctein sequence data-
bank, endo-§-1.4-glucanase EG-B of B. lautus {4] was
shown to contain a homologous domain, surrounded by
putative linker sequences (8STASS and SSTTGTTSS)
(Fig. 3) {1]. Alignment of the sequences shows that 8
amino acids are generally conserved. Pairwise compari-
son of the sequences showed 22.1-63.2% identical, and
38.3-83.3% identical plus similar amino acids (Table
11). SD values larger than 3 (3.53-17.78) were obtained
in all pairwise evaluations.

Program HCAPLOT was used to present region B of
EG-Z, hydrophilic repeat 1 of CbpA and the homolo-
gous region of EG-B for hydrophobic cluster analysis
(Fig. 4). Similar cluster shapes (hydrophobic regions)
(S1, S2 and 83) are observed around the conserved as-
paragine-glycine, aspartic acid-tyrosine and phenyla-
lanine residues, respectively, emphasizing their proba-
ble importance for the conserved residue micro-envi-
ronment.

Table 1
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CthAAP1
CthAAP2
AfaP3HB

_E BeiChAll
BeiChAl2

CfIORFX

FIIl4
FIIi1
FIII13
FII9
FII[15
Flii12
| - FII10

! FI1I8
FiII4
FIII7
FIII16
FIII6
Fig. 2. Phylogenetic tree for the Fr2's of baclerial enzymes and fi-
bronectin. Repeats 1-16 from fibronectin are designat=d FLill, FII12,
ete. Baclerial sequences are designated as in Fig. 1, repeats from the

same prolein carrying a suffix to indicate their posilion in the protein
(e.g. CfiCenBl, CAiCenB2, CiiCenB3, cic.).

4, DISCUSSION

Fn3’s were until recently only reported in proteins
from higher eukaryotes such as the (ij muscle proteins,
i.e. titin, twitchin, smooth muscle myosin light chain
kinase, C-protein and 86K protein [23], (ii) ceil adhesion
proteins, ie. neurai adhesion protein L1 [29], fi-

Pairwise alignment of baclerial fibronectin type Il-like sequences

Domain

CthAAPl  CthAAP2  AfaP3HE -BeiChAll  BeiChAl2  CAORFX  CfiCenBl CfiCenB2  CfiCenB3
CthAAPI 31.5/46.1 34.1/43.5 25.8/41.5 23.6/39.3 21.3/38.2 24.7/33.7 23.6/34.8 23.6/38.0
ClhAAP2 7.17 24.7/40.0 22.1/40.0 20.0/42.2 24,5/41.5 21.4/41.8 23.53/40.8 19.237.4
AfaP3HB 2.19 8.01 36.5/54.1 43,5/60.0 50.0/70.,6 38.8/50.6 29.4/48.2 2820482
BeiChall 398 7.26 7.11 71.6/83.2 52.1/68.1 46,3/66.3 41.1/519 45.3/66.4
BeiChaAl2 490 9.7¢ 10,46 22.27 53.21713.4 45.3/64.2 44.2/61.0 42.1/63.2
CAORFX 598 9.58 14.20 20.06 16.03 45.7/60.6 38.3/574 48.9/62.7
ChiCenBl 3.06 6.48 8.21 13.26 10.31 12,19 60.2/724 65.3/78.6
CliCenB2 4.93 6.56 6.09 12.04 15.27 13.51 22,58 61.2/76.5
ChiCenB3 5.1z 4.54 5,99 15.5% 14.03 13.78 21.19 18.17
Fibronectin 11/4/1 124341 15/110 10/4/2 w2 §/9/1 T4/5 11/4/1 117441
reps. 1~16

The upper triangie shows percentage identities/identities + similarities, The lower trianple shows significance seores for comparisons of the
sequences. The scores, in SD units, were caleulated from 50 random runs with the PCOMPARE program using the MDM,, matrix (19]. A bias
of 60 and a gap penalty of 60 were used to deect the relationships. The botiom line indicates the number of repeats in fibronectin scoring
above/between 2 and 3/below 2 SD units when compared to the respective bacterial s¢equences.
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CceChph-1 213-
CceChphA~-2 594=
CceCbph=3 1535-
CceCbph=4 1628-
CstEGZ-B  £667-
CatEGZ-B* 760-
BlaEGB 385=-
Consensus

CeeCbhpa=-1 257~
CceCbpA=-2 632~
CceChpa-3 1578~
CceCbpha-4 1671-
CstEG2-B 710~
CstEGZ-B~ 803-
BlaEGB 428=
consensus
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ADVKTTMTLNGNTEKTITDANGTALNESTDYSVSCNDVTIISRAY
ADVATTMTINGYTENGETGL~~===~TTSDYS IBGNVVKISQAY
ADAATTHTINGNER SATKN~GTATLVKGTDYTVSENVVTISKAY
ADVVVIMS LNGNTFSAIKN~-GTTTLVKGTDYT ISGSTVTISRAY
ENIQVVMNINGNTLNGIKY-GNTYLREGTDYTVSGDTYIILKSE
EDVKVKLVPNGNTLLAVKK-DGEALVLGRDYS IDGDEVIIFREY
KDTSVRQLNLNGNTLTSLS -VNGTTLRSGTDYXTLNSSRLIFKASQ
VTISKAY

ADV VTM LNGNZF I T L GIRET S

LAKQSV~==~=GTTTLNFNFSAGN=---PQRLV=~-ITVYDTPVEA
LAKQPV==—=- GDLTLTFNFSNGNKTATAKLY-=VS IKDAP-KT
LAL-QT===== GITVILEFVEDKGNSAKVVVAVKEIQIVNSTITE
LATLAD~=—--=GSATLEFVFNQGASAKLRLT==~==IVPAVVDP
LNSFDT=w==u=8TVQLIFDF SAGRDPVLTVNIIDT===== ~=T7
LADQPV=====GRVTLTFDFDRGTDPVLTINITDSRQVETGVIQ
LTKLTSLGKLGVNATIVTRFNRGADHWKFNVVLYNTPKLESTTGT

LA G TLFE G v

June 1992

Fig. 3. Alignment of regions homologous to Cf cellulovorans CbpaA hydrophilic repeats (CoeCbpAl-CeeCbpA4) [14]. Homologous regions in C/.
stercorarium EG-Z (C\EGZB and CstEGZRB") [15] and & laurus EG-B (BlaEGB) [4] are also shown. The conseinsus sequence was constructed
with residues canserved in at least 4 sequences. Amino acids conserved in 6-7 sequences are showw in bold, while completely conserved residues

are underlined. In the individual sequences, amino acids identical to the consensus sequence are also shown in bold,

bronectin [18] und cytotactin [25], and (jii) a family of
cytokine receptors [28). In many of these proteins, Fn3’s
are known to interact with other proteins, heparin and
the cell, although the melecular basis of the interactions
in most cases is unclear.

Tz function of Fn3’s in the bacterial proteins is un-
known, although they would be expected to be non-
essential for the catalytic and substrate-binding activi-
tics since they are found in enzymes with activity against
different substrates, namely cellulose, starch, chitin and
poaly-3-hydroxybutyrate. For example, CenB-activity
on soluble substrate and qualitative cellulose-binding
activity has been shown to be independent of the pres-
ence of the Fn3’s [16]. Likewise, in chitinase Al, elimi-
nation of the Fn3 and a region of unknown function
{perhaps a chitin-binding domain), did not abolish ac-
tivity against insoluble chitin, although some difference

was observed and atiributed to loss of the chitin-binding
ability [17], Similarly, the poly-3-hydroxybutyrate de-
polymerase was shown to lose substrate-binding capa-
bility and activity against insoluble substrates upon
treaiment with trypsin, an event accompanied by dele-
tion of approximately 60 amino acids, probably from
the C-terminus and not including the Fn3 [30] (Fig. 5).
The role of Fn3’s in bacterial proteins, therefore, re-
mains unclear, although functions such as binding to
other components of the hydrolytic system, the sub-
strate or the cell can be imagined.

The role of hydrophilic regions in CbpA, EG-Z and
EG-B is also unclear, since none of the regions have
been characterized individually, However, an EG-Z
peptide composed of domains C', B, B’ and C has been
shown to bind to cellulose [15], although it remains
unclear if this binding is mediated by C-sequences alone

Table 11
Pairwise alignments of CbpA hydrophilic-like sequences

Domain CeeCbpa-1 CeeChpa-2 CeeChpa-3 CeeCbpA-4 CstEGZ-B CstEGZ-B’ BlaEGB
CeeCbpA-1 63.2/69.1 50.0/59.7 51.2/67.2 479/54.8 43.8/52.0 28.8/49.3
CreCbpA-2 10.30 55.964.7 51.5/60.3 36.8/47.1 41,2/43.6 22.1/38.3
CeeChpA-3 11,70 13.49 72.2/83.3 4B.6/55.5 43.1/35.6 31.9/51.3
CeeCbpA-4 15.24 1042 1742 4B.0/57.3 41.3/50.6 36.0/50.7
CsiEGZ-B 15.02 951 1247 17.78 42.7/52.0 29.3/42.6
CslEGZ-B’ 11.98 11.84 14.20 12.38 12.21 29.3/44.0
BliREGB 6.28 3.53 7.34 6.22 6.94 6.65

The upper right triangle shows percentage identities/identilies + similarities. The lower left triangle shows significance scores for the comparisons
of the sequences, calculated as in Table 1. A bias of 60 and u gap penalty of 50 were used to detest the relationships.
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CstEGZ-B

CceCbpA
hydrophilic
repeat 1

BlaEG-B
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Fig. 4. Alignment of CL cefluluvorans CbpA hydrophilic domain-like sequences by hydrophobie cluster analysis [11]. Sequences were presented
with the HCAPLOT program and aligned by eve. Conserved regions 81, 52 and 83 are shown. Abbrevialions are as in Fig. 3. Open square,
threonine; filled square, serine; star, proline; diamond, glycine.

{cellulose-binding domains) or is enhanced by the B-
sequences. CbpA, as a whole, has been proposed to
contain the substrate-, subunit-, and perhaps cell-bind-
ing funictions of the C/. cellulovorans ‘cellulosome’ [14].

It shall be interesting indeed to determine the roles
played by these regions in bacterial enzymes and per-
haps contribute in the investigation of Fn3’s present in
50 many eukaryotic proteins.
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