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The function of the non-catalytic, duplicated segment found i C thermocellum cellulases was mvestigated Rabbit antibodies reacting with the

duplicated segment of endoglucanase CelD cross-reacted with a variety of cellulosome components ranging between 50 and 100 kDa 125].]abeled

forms of CelD and of aylanase XynZ carrying the duphcated segment bound to a set of cellulosome proteins ranging between 66 and 250 kDa,

particularly to the 250 kDa S, (or S!) subumit '*I-labeled forms of CelD and XynZ devoid of the duplicated segment failed to bind to any

cellulosome protein The duplicated segment appears thus to serve to anchor the various cellulosome subunits to the complex by binding to S,.
which may be a scaffolding element of the cellulosome

Duplicated segment, Cellulosome, Endoglucanase CelD, Xylanase XynZ, Clostridwum thermocellum

1. INTRODUCTION

Clostridium thermocellum 1s a thermophilic bacterium
that degrades crystalline cellulose with a high efficiency
[1]. The C. thermocellum cellulase system consists of a
highly active, extracellular multienzyme complex with
M ,=2-4 MDa termed cellulosome [2,3].

The amino acid sequences deduced from the nucleo-
tide sequences of 8 endoglucanase and 1 xylanase genes
established so far, revcaled that although the various
polypeptides, as a whole, are not closely related, all of
them except endoglucanase CelC carry a highly conser-
ved duplicated segment of 22 amino acids The two
segments are hinked by a variable spacer of 10-17 resi-
dues and are located near the C terminus, except in
endoglucanase CelE and xylanase XynZ where they are
found in the muddle of the polypeptide [4-7]. These
observations rase three mam questions. (i) is the duph-
cated segment predicted from nucleotide sequences pre-
sent n the subunits constituting the cellulosome, (1) is
it specific for cellulosome subumts, and (iii) does 1t play
a role in cellulosome assembly?

To address these questions, experiments with endo-
glucanase CelD and xylanase XynZ were performed
Antibodies recognizing the duphcated segment of CelD
were used 1in Western blots to probe for cellulosome
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components bearing this region. In addition, forms of
CelD [8,9] and XynZ [5] with or without the repeated
segment (Fig. 1) were labeled with I and used m blot-
ting experiments to examune their mteraction with cellu-
losome components [10,11]

The results reported here support the hypothesis that
the duplicated segment plays a role mn anchoring the
various subunits to the cellulosome

2 MATERIALS AND METHODS

21 Purification of proteins

The 63 kDa form of CelD was purified from cytoplasmic extracts
of E coli TG1(pCT608) [4] and the 65 kDa form from cytoplasmic
inclusion bodies of E coli TG1(pCT603) [8] The 65 kDa polypeptide
derives from a 68 kDa form contaiming the integrity of the duplicated
segment, which 1s present in inclusion bodies but 15 subscquently
proteolyzed once the matenial extracted from inclusion bodies 1s dialy-
zed n the presence of 5 M urea [9] Proteolysis could be largely
prevented by purifying the urea-solubilized fraction by gel filtration
with a Sephacry! $-300 (Pharmacia) column equihibrated with 0 | M
Tns-HCI, pH 8 5. containing § M urea followed by dialysts The
obtained preparation consisted of 60-80% 68 kDa form and of 20-
40% 65 kDa form (data not shown)

The 54 kDa form of XynZ was punfied from inclusion bodies
formed in E colt TGI(pCT1223) [12) as described for 65 kDa CelD
[8] The truncated 42 kDa form of XynZ, devoid of the conserved
domain, was punified from £ coli TGI(pCT1214) [12] arrording to
[11] unul the DEAE column step

22 Preparation of antiserum

500 ug of 68 kDda CelD preparation were mixed with an equal
volume of Freund's complete adjuvant and injected into New Zealand
White rabbits, The sccond and third injections were done with
Freund's incomplete adjuvant m two-week dand one-month intervals
using the same quantity of protein A final tnjection of 100 ug was
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done intravenously two months after the third injection and the serum
was collected 10 days after the final mjection

2 3 Radwlabeling of CelD and XynZ

The labeling reaction [13] was carned out at room temperature 1n
20401 M Trns-HCI pH 7 5, contaiming 20 ug of punfied protein, 0 5
ug of lactoperoxidase and 100-200 uCi Na'*l (carner-free, Amer-
sham) Four aliquots of 1 4l of 0 003% hydrogen peroxide were added
at 1-min intervals and the reaction was stopped by the addition of 20
41 of a 5 mM solution of L-tyrositne Excess 10dide was removed by
gel filtration on a Sephadex G-25 column equilibrated with 01 M
Tris-HCI, pH 7 5, contamning 0 6 mg/m} of BSA

24 Purification of the cellulosome

The cellulosome was punfied from C thermocelium NCIB 10682
culture supernatant by cellulose affimty chromatography and gel fil-
tration on Sepharose CL-4B (Pharmacia) according to [14]

25 Western blotting

Samples were heated for 5 min at 100°C n 2% SDS/5% f-mercap-
toethanol sample buffer, followed by SDS-PAGE, transfer of the
separated proteins onto mtrocellulose and detection of immunoreac-
tive bands [15] The ant1-CelD antiscrum was saturated with a crude
extract of £ coli TG1(pUCI19) [11]

26 Binding of CelD and XvnZ to cellulosome components

Cellulosome components were separated by SDS-FAGE and trans-
ferred onto mitrocellulose [15] Bands recognized by CelD and XynZ
were revealed as described for the detection of immunoreactive bands,
except that '**Llabeled CelD and XynZ were used instead of antiserum
plus '¥I-labeled protein A
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Fig | Domain structure of CelD and XynZ The extent of the cata-
lytic domain was defined by deletion analysis of ce/D and xynZ (data
not shown) The portion of CelD and XynZ present 1n the more or
less truncated forms of the two protemns s indicated by horizontal
bars Each species resulted from the fusion of the indicated portion
of the gene with the start of /acZ carried by pUC vectors [4,8,12]

3 RESULTS

3 1. 4 number of protewns of the cellulosome bear epiio-
pes immunologically similar to the conserved, dupli-
cated segment of CelD

Isolation of the intact, 68 kDa form of CelD provided

a means of raising antibodies recognizing the conserved

domain,

Among protemns of the crude C thermocellum super-
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Fi1g 2 C thermocellum proteins recogmzed by antibodies directed against 68 kDa CelD 1. Coomassie blue-stained gel, 11-1V, Western blots revealed

with antiserum rassed against 68 kDa CelD, I, antiserum preadsorbed with £ colt TGHpUC19) oxtract; T, antiserum preadsorbed with £ coll

TG I(pCT608) extract (containing 63 kDa CelD), IV, antiserum preadsorbed with £ colf TG I(pCT608) extract plus punified 68 kDa CelD 1, crude

C thermocellum supernatant, 2, fraction non-adsorbed on o celtulose affimity column, 3, fraction ad- sorbed on a cellutose affinty column In panels

-1, the amount of C thermocellum protein loaded 1n cach sample corresponded to the same percentage of edach fraction 2 8 ug 63 kDa CelD
and 2 ug 68 kDa CelD were loaded in lanes A and B, 1espectively
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Fig 3 Components of the ccllulosome mnteracting with CelD and

XynZ carrying the duplicated segment The proteins were separated

by SDS-PAGE and transferred onto a mitrocellulose membrane The

membrane was incubated 1n the presence of 5 4 10* cpm/m! radioactive

CelD (panel A) or XynZ (panel B), with a specific actvity of 4 10°

cpmi/ug, followed by washing and autoradiogiaphy Protein samples
loaded 1n lanes I, 2 and 3 are the same as in Fig 2

natant, the antiscrum recognized a set of 6-8 bands
ranging between 50 and 100 kDa (Fig 2, panel I, lane
[). Most of the recogmzed species were adsorbed on a
cellulose affimity column (lanes 2 and 3) and were asso-
ciated with a complex larger than 1 MDa (data not
shown), indicating that they corresponded to cellulo-
some components Recognition was not prevented by
preincubating the antiscrum n the presence of excess 63
kDa protein (Fig. 2, panel III), except for a 63 kDa
component which did not adsorb to cellulose and may
cotrespond to partially truncated CelD (lanes 2 of pa-
nels IT and III) Controls showed that the oniginal anti-
serum recogmized 63 kDa CelD (panel Ii, lane A) and
that blocking of antibodies recognizing the 63 kDa epi-
topes was successful (Panel II1, lane A) No band was
recognmized m a crude extract of £ coli TGI(pUC19)
(data not shown) The results suggested that the recog-
nition of multiple cellulosome components was due to
the presence of epitopes structurally related to the
COOH-terminal, duplicated segment of 68 kDa CelD

32 Affimity of CelD and XynZ carrying the duplicated
segment for cellulosome components

In order to demonstrate that recogmtion of the cellu-
losome bands was due to the duplicated segment epato-
pes, the antiserum was premcubated in the presence of
excess purified 68 kDa CelD before using in Western
blotting expetuments 1 he result 1s shown in Fig. 2 panel
IV Recognition of purified 68 kDa CelD and of cellulo-
some bands previously labeled by the antisetum pre-
adsorbed with 63 kDa CelD was abohshed Surpris-
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ingly. a 250 kDa component. which corresponded to the
S./S1 component described by others [3,16], was strong-
ly labeled, along with a set of less intensely labeled
bands with a lower M, This led us to suppose that the
antiserum in this case did not bind directly to the bands
detected but through the intermediary of 68 kDa CelD
that presumably bound to the detected components
first

To check this hypothesis, cellulosome components
were separated by SDS-PAGE, transferred to a
mtrocellulose membrane and incubated with '¥I-
labeled 68 kDa CelD Autoradiography revealed a
series of cellulosome-specific bands ranging mostly be-
tween 95 and 250 kDa, S_ being the most promiment
(Fig. 3A) A very similar pattern was obtained with
'*I-labeled 54 kDa XynZ, the only similanty of which
with CelD hies 1n the duplicated segment (Fig 3B) No
band was revealed, even after 5-fold longer exposure,
when the same experiment was repeated with the 'I-
labeled 63 kDa and 65 kDa forms of CelD, with the 42
kDa form of XynZ or upon incubation of '**I-labeled
68 kDa CelD with proteins from a crude E coli extract
{data not shown)

4 DISCUSSION

Experiments done with antibodies showed that the
duplicated segment, which 1s highly conserved among
C thermocellum cellulases [12], 1s present in several
protemns that are part of the cellulosome The labeled
polypeptides had M, between 50 and 100 kDa, a range
corresponding to subumits S13 to S5 hsted by Lamed
and co-workers [3]. The duplicated scgment was not
detected 1in non-cellulosomal polypeptides present in the
cultute supernatant. The results extend previous obser-
vations showing that CelD, CelE, and XynZ, which
contain the duplicated segment, are part of the cellulo-
some [11,14,17], whereas CelC, the only endoglucanase
known so far that does not contain the duplicated scg-
ment, 1s not associated with the multienzyme complex
(R Lamed, personal communication).

Two hypotheses have been proposed for the function
of the duplicated segment [12]. The first one suggests a
cellulose binding function. This hypothesis appears less
plausible since it was shown [18] that binding of endo-
glucanasc CelE from C thermocellum to crystalline cel-
lulose did not mvolve the duphcated segment The sec-
ond hypothesis suggests that the duplicated segment
serves to anchor the various components to the cellulo-
sonie

Incubation of cellulosome components transferrred
to mtrocellulose with '**[-labeled 68 kDa CelD provided
direct cvidence that the duplicated secgment mediates
anchoring of the catalytic subunits to the cellulosome
A specific set of bands binding 68 kDa CelD was re-
vealed, among which §_ was the most promiment. The
same sct of bands was revealed upon incubation with
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125].1abeled 54 kDa XynZ, a protemn of which the only
feature common with CelD 1s the presence of the dupl-
cated segment. Conversely, no band was detected when
forms of the same protemns devoid of the duplicated
segment were used as probes Our results may also ex-
plain the observation of Morag et al [19] that mild
proteolytic cleavage releases the S8 subumt from the
cellulosome The size (7 kDa) of the excised portion
putatively involved in cohesion of S8 to the cellulosome
is consistent with the size of the conserved 65-70 residue
region contaming the duplicated segment.

The structural role of S, (or 1ts 210 kDa equivalent
termed S1 found in C thermocellum Y'S) has long been
surrmised [10,14], and S, was shown to promote the
binding to the substrate of the catalytic subumt Sg [20],
The 1dentity of the lower molecular weight bands 1s
unclear. Most of them have M, between 95 and 200
kDa, a range devoid of most major cellulosome com-
ponents isted by Lamed and co-workers except S2 and
S3 [3). They may represent a class of scaffolding
proteins different from S,. Alternatively, they could
match with some of the lower Af, bands into which
S1/8, reporiediy dissociates upon dialysis aganst dis-
tilled water or low pH buffers (R. Lamed, personal
communication).

As S; and other minor bands revealed by the
labeled probes do not react with antibodies directed
against the duphcated segment, it should bind to some
complementary determinants in the cellulosome Ident:-
fication and characterization of thesc determinants,
particularly those present on the S_ subunit, should
prove a fascinating goal

125,
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