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Isolated fungal cellulase terminal domains and a synthetic 
minimum analogue bind to cellulose 
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The cellulose-binding properties of the highly conserved terminal region which is common to several fungai ceUulases 
were studied. Domains were prepared by proteolytic cleavage of Trichoderma reesei CBH 1 and the corresponding enzyme 
from Sporotrichum pulverulentum, and a peptide corresponding to residues 462-497 (the C-terminal part) of Trichoderma 
CBH 1 was synthesized. The three peptides showed similar binding behavior, whereas reduced and S-carboxymethylated 
T. reesei fragment was inactive. This region thus appears to serve as an independent functional domain in which the 

C-terminal part is responsible for the binding, which in turn requires an intact three-dimensional structure. 

Cellulase; Binding domain; Synthetic domain; Cellulose binding; Fluorescence; (Trichoderma reesei, Sporotrichum pulverulentum) 

1. I N T R O D U C T I O N  

Studies on four different cellulases f rom the 
fungus Trichoderma reesei [1-6] have revealed a 
common  structural organization (fig. 1), consisting 
of  a central catalytically active ' core ' ,  a highly con- 
served terminal region, ' A ' ,  stabilized by internal 
disulfide bridges, and an interconnecting, highly 
glycosylated region, 'B ' ,  rich in serine, threonine 
and proline. Two of  the proteins have their A- 
region at the N-terminus, whereas two have it at 
the C-terminal end. The absolute polarity of  the A- 
region sequence is always the same. Physicochemi- 
cal studies on enzymes with and without a B-A- 
region [7,8] show that it constitutes a protruding 
part  o f  the intact enzyme and can be regarded as 
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a separate domain.  The role of  the whole B-A- 
region is to enhance the activity towards the solid 
substrate [9-11]. The importance of  this structural 
organization is demonstrated by the fact that  it 
also occurs in two cellulases f rom the unrelated 
bacterium Cellulomonas f i m i  [12]. Data  obtained 
on glycoamylases [13] suggest that this organiza- 
tion may  be general for enzymes that degrade in- 
soluble polysaccharides. 

I Catalytic domain 

1 

Papain 

B -" region 

440 

"I "T "T 
J - -  f r a g m e n t  obta ined  

461 48~ 49~ 
-]P'I~QSI~GQOGGZGySGIP*ZVC&SG'JL~'OQVLM]~ y ~  

bY papain cleavage . . . . . . . . . . . . . . . .  
J . . . .  uynt.het Lc pept  Lde . . . . . . . . . . .  

I 
A - region [ 

! 

497 

Fig.1. Structural organization of Tr CBH-I. 
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Here, we present data on the functional 
(cellulose-binding) properties of (i) the B-A-region 
from the main cellulase CBH 1 from T. reesei, (ii) 
the B-A-region from the corresponding and 
strongly homologous [14,15] enzyme from 
Sporotrichum pulverulentum and (iii) a synthetic 
'minimum' A-region of Tr CBH1. 

2. MATERIALS A N D  M E T H O D S  

Cellulose powder (Avicel PH-101, Fluka) was washed with 
water to decrease background fluorescence. Carboxypeptidases 
A, Y and papain were from Sigma. Protected amino acids were 
from Peninsula except Boc-His(Dnp) which was a Bachem pro- 
duct. TFA, DCM and DMF were from Rathburn. Other 
chemicals for peptide synthesis, including the starting resin, 
were from Applied Biosystems. Chelating Sepharose ® was a 
gift from Pharmacia. Other chemicals were of analytical grade. 
Fluorescence spectra were recorded with an Aminco SPF-500 
spectrophotofluorimeter. 

Amino acid compositions were determined using an LKB 
Alpha Plus analyzer after hydrolysis for 24 h at 110°C in 6 M 
HCI containing 2 mg/ml phenol. 

Automated Edman degradation [16] was carried out in an 
Applied Biosystems 470A gas-liquid phase sequencer equipped 
with an Applied Biosystems 120A PTH analyzer. 

C-terminal analysis was performed on 0.1/LM reduced and 
carboxymethylated [17] protein in 0.1 M pyridine acetate buf- 
fer, pH 5.6, containing 1070 SDS at 22°C using both carbox- 
ypeptidases A and Y (2 nM each). Released amino acids were 
analysed on a Biotronik LC5001 amino acid analyzer. 

Total sugar content was estimated using the an- 
throne/sulfuric acid method with mannose as standard [18]. 

Plasma desorption mass spectrometry was carried out in a 
Bioion 20 instrument (Bioion Nordic, Uppssala) [19]. 

2.1. Preparation of  natural peptides 
The B-A-region of Tr CBH 1 and that of Sp Exo were 

prepared according to [11] and purified by gel filtration on 
Biogel P-150, respectively. 

2.2. Peptide synthesis 
A peptide corresponding to region 462-497 of Tr CBH 1 was 

assembled by the solid-phase procedure [20] using an Applied 
Biosystems 430 A synthesizer. The amount of the starting Boc- 
Leu-OCH2-PAM-resin (0.77 mmol/g) was 0.5 mmol. ot-Boc 
protected amino acids were coupled as symmetrical anhydrides 
in 2-fold molar excess, except for Asn and Gln, which were used 
as l-hydroxybenzotriazole esters (4 equiv.). Double couplings 
followed by capping with acetic anhydride were used 
throughout the synthesis. Side-chain-protecting groups were: 
Bzl for Set and Thr, Br-Z for Tyr, Me-Bzl for Cys and Dnp for 
His. A part of the peptide resin (0.5 g) was treated overnight 
with 0.5 M thiophenol/DMF in order to remove most of the 

Table 1 

Amino acid composition of the isolated B-A peptides from 
Trichoderma CBH 1 and Sporotrichum EXO and the 
compositions of the corresponding regions based on the known 

sequences [1,2,15] 

Amino Trichoderma Sporotrichum 
acid (440-497) (471-516) 

Found a Expected Found b Expected 

Cys _ a 4 3.5 4 
Asx 2.1 2 1.1 1 
Thr 10.5 11 6.7 8 
Ser 6.1 6 5.1 4 
Glx 4.1 4 3.2 4 
Pro 7.2 7 8.2 6 
Gly 9.8 10 6.1 6 
Ala 2.1 2 1.1 1 
Met 0 0 0 0 
Val 1.9 2 2.0 3 
lie 0.9 1 1.0 1 
Leu 2.0 2 1.1 1 
Tyr 3.8 4 4.7 5 
Phe 0 0 0 0 
His 1.0 1 1.0 1 
Lys 0 0 0 0 
Arg 2.3 2 0 0 
Trp 0 ¢ 0 1.2 ¢ 1 

Total 54.0 58 46.0 46 

a Normalized to 54 residues 
b Normalized to 46 residues 
¢ Tryptophan estimated spectrophotometrically 
d Not determined 

Dnp groups and, after washing with DMF and DCM, with 50°7o 
TFA/DCM for 30 min to deprotect the or-amino group. The 
peptide was liberated from the resin by reaction with HF 
(10 ml) in the presence of p-cresol (0.5 ml), p-thiocresol 
(0.5 ml) and dimethyl sulfide (0.2 ml) for 1 h at 0°C. The resin 
obtained after removal of HF in vacuo was washed with 
EtOAc, CHCI3 and ether containing 0.5070 b'-mercaptoethanol. 
The peptide was then extracted into 1070 B-mercaptoethanol/ 
TFA (3 x 3 ml), and the resulting solution was concentrated in 
a stream of dry nitrogen to a volume of about 2 ml. Addition 
of dry ether precipitated the product which was collected by 
centrifugation, washed with ether and dried in vacuo. A part of 
the crude product (10 mg) was dissolved in 1.2 ml of 0.5 M 
Tris-HCl, pH 8.0, containing 6 M guanidine-HC1, and nitrogen 
was bubbled through the solution for 5 rain. ~'-Mercaptoetha- 
nol (0.2 ml) was added, and the solution was kept for 24 h at 
37°C to accomplish reduction and removal of remaining Dnp 
groups, if present. The reduced material was desalted on 
Sephadex G-25 (PD-10 column) using 0.1 M acetic acid as 

Fig.2.2~2Cf-PDMS spectra of the studied peptides. (A) B-A domain from Tr CBH-I. (B) B-A domain from Sp 'Exo'. (C) Synthetic 
peptide corresponding to Tr CBH-1 462-497. 
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eluent. The peptide-containing fractions (3 ml) were added to a 
solution consisting of 40 mg reduced and 10 mg oxidized 
glutathione in 50 ml of 0.2 M Tris-acetate, pH 8.2. Oxidation 
of the peptide was allowed to proceed overnight at room 
temperature [21]. The peptide was recovered by adsorption on- 
to a small column of BondElut Cls (200 rag) which was further 
washed with 0.1% TFA and H20. The product was eluted with 
3 x 0.5 ml of a 1 : 1 mixture of acetonitrile and 0.1 M sodium 
phosphate, pH 7.0, then applied onto a column (1 x 2 cm) of 
chelating Superose ® (Cu 2+ form) [22]. Elution was performed 
with 20-100 mM sodium phosphate containing 0.1 M NaCl us- 
ing a pH gradient (pH 7.0-3.8). The fractions corresponding to 
the main peak were further purified by RP-HPLC. Mass 
analysis of the purified material showed the expected molecular 
mass (3741 + 3 Da) (fig.2C). 

2.3. Binding to cellulose 
Peptide solutions (5/~M) were incubated in 2 ml sodium 

acetate, pH 5, for 2 h at 40°C with various concentrations of 
cellulose powder under continuous agitation. The cellulose 
powder was pelleted by centrifugation and the free peptide con- 
centration was determined by fluorescence measurement. 

Fluorescence emission spectra were recorded for pure pep- 
tides and for incubation supernatants using 239 nm as excita- 
tion wavelength for the Tr peptide and its synthetic counterpart 
and 280 nm for the Sp peptide. The peptide concentration in the 
supernatants was calculated by comparing the emission intensi- 
ty after background corrections to that of cellulose-free 5/zM 
solutions of each peptide. 

3. R E S U L T S  

3.1. Characterization 
A m i n o  acid  compos i t i ons  o f  the  i so la ted  B-A 

pep t ides  f rom Tr  CBH1 and  Sp E X O  are  presented  
in t ab le  1 toge ther  with compos i t i ons  corre-  
s p o n d i n g  to  the  k n o w n  sequences o f  Tr  CBH1 
[1,2] E X O  [14]. E d m a n  d e g r a d a t i o n  o f  the  Tr  
pep t ide  gave the resul t  G l y - A s n - P r o - P r o - G l y -  
X - X - X  . . . . .  which  corre la tes  well with the  sequence 
Gly  - A s n -  P r o  - P r o  - Gly  - T h r ( C H O )  - T h r ( C H O )  - 
T h r ( C H O )  f o u n d  in the  region  4 4 0 -  o f  the  C B H  1 
(g lycosyla ted  Ser and  Thr  usua l ly  give no  signal  in 
E d m a n  degrada t ion ) .  The  B-A pep t ide  thus cor-  
r e sponds  to residues 440-497  o f  CBH-1 with a net  
f o r m u l a  mass  o f  5 8 0 0 D a .  A c a r b o h y d r a t e  con ten t  
o f  30-40070 [10] increases the  to ta l  mo lecu la r  mass  
to  a r o u n d  9000 Da.  Mass  analysis  ( f ig .2A) shows 
a smal l  peak  at  a b o u t  9000 D a / e  and  a larger  (dou-  
ble  ion iza t ion)  peak  at  a b o u t  4500 D a / e .  The  
peaks  are  b r o a d ,  p r o b a b l y  due to  he te rogeneous  
g lycosy la t ion .  C a r b o x y p e p t i d a s e  d iges t ion  o f  the  
Sp B-A f r agmen t  ind ica ted  a sequence corre-  
s p o n d i n g  to  the  C- t e rmina l  end o f  the  p ro t e in  [14]. 
A combina t ion :  ~f. a m i n o  acid  analysis ,  car-  
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Fig.3. Adsorption of Tr B-A domain (-" -'), Sp B-A domain 
( -  - )  and synthetic Tr A domain (z. ~.) as a function of 

the cellulose powder concentration. 

b o h y d r a t e  and  mass  analysis  (fig.2B) revealed tha t  
the  f r agmen t  co r r e sponds  to  the  last  46 (471-516)  
res idues  o f  the  pro te in .  The  a m i n o  acid  compos i -  
t ion  f o u n d  ( table  1) is in g o o d  agreement  with this  
loca l i za t ion  o f  the  B-A pept ide .  

3.2. Binding measurements 
In  fig.3 the  Avice l -b ind ing  proper t ies  o f  the  Tr  

B - A  d o m a i n ,  synthet ic  'T r  A '  and  Sp B-A d o m a i n  
are  c o m p a r e d .  The  pa t te rns  for  the  synthet ic  pep-  
t ide  and  p ro teo ly t i c  Tr  f r agmen t  a re  v i r tua l ly  iden-  
t ical ,  with the  except ion  o f  a somewha t  higher  
concen t r a t i on  o f  the  synthet ic  pep t ide  at  h igh 
Avicel  concen t ra t ion ,  p robab ly ,  due to  a low con-  
tent  (<  5°70) o f  inact ive componen t s .  The  Sp f rag-  
men t  has  a s imi lar  behav io r ,  a l though  with 
s o m e w h a t  s t ronger  b ind ing .  Reduc t ion  and  S- 
c a r b o x y m e t h y l a t i o n  o f  the  Tr  B-A region  e l iminate  
the  b ind ing  abi l i ty  (not  shown) .  

4. D I S C U S S I O N  

Tr  B-A pept ide ,  Sp B-A and  synthet ic  Tr  A all 
b ind  to  Avicel ,  whereas  reduced  and  ca rbox-  
y m e t h y l a t e d  Tr  B-A pep t ide  has lost  this  abi l i ty .  
The  A- reg ion  pep t ide  thus  appea r s  to  be respons i -  
b le  for  the  b ind ing ,  which also requires  the nat ive,  
d i su l f i de -bonded  c o n f o r m a t i o n .  This  rules out  the  
p rev ious ly  discussed poss ib i l i ty  tha t  the  car-  
b o h y d r a t e  moie ty  might  be i m p o r t a n t  for  the 
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b ind ing .  I t  is a lso evident  t ha t  the  correc t  d isul f ides  
were spon t aneous ly  f o r m e d  in the  synthesis  p ro -  
cedure ,  which in tu rn  demons t r a t e s  tha t  the  B-A-  
reg ion  has  the  p roper t i e s  o f  a func t iona l  d o m a i n ,  
where in  the  A par t  d i rec t ly  in terac ts  with the 
cel lulose and  the B-region is a f lexible a rm pro-  
t ec ted  f rom pro teo ly t i c  a t t ack  by  g lycosy la t ion  
a n d / o r  a high pro l ine  con ten t .  

The  role o f  an  ex t ra  b ind ing  region,  f lexibly  con-  
nec ted  to  the  ca ta ly t ic  enzyme ' c o r e '  is not  clear ,  
bu t  c o m p a r i s o n  be tween T. reesei E I I I  with and  
w i thou t  the  A-B- reg ion  shows tha t  the  d i f fe rence  
in ca ta ly t i c  ef f ic iency t o w a r d  Avicel  para l le l s  the  
d i f f e rence  in b ind ing  to  the  subs t ra te  [9]. A s imi lar  
e n h a n c e m e n t  o f  the  b ind ing  eff ic iency involv ing  
on ly  the  ca ta ly t ic  site wou ld  have a negat ive  effect  
on  the  t u rnove r  n u m b e r  o f  the  hydrolys is .  I t  is a lso 
poss ib le  tha t  the  b ind ing  o f  the  A - d o m a i n  effects  
some  phys ica l  d i s rup t ion  o f  the  regu la r  cel lulose 
s t ruc ture ,  t he reby  fac i l i ta t ing  the  hydro ly t i c  
p rocess .  
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