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Abstract. Cellobiohydrolase | (CBH [) was isolated from reeseiaccording to the small-angle X-ray scattering (SAXS)
a cellulolytic fungal strainfrichoderma pseudokoningii S38 data. But to date, the three-dimensional structure of intact
and its ultrastructure was investigated with a scanning tun€BH | molecule was not much better resolved. At the same
neling microscope (STM). The STM images showed that théime, such structural information was not enough for us to un-
shape of intact CBH | was tadpole-like, consisting of a bigderstand the behavior of enzymes on the substrates and the
head and a long tail. It could be deduced that the head domainteraction between them. Here, we report the STM images
was the core protein for the catalytic function, and the longf intact CBH | molecule fronTrichoderma pseudokoningii
tail was the cellulose binding domain for substrate bindingS38 and compare them with the model structure of CBH |
Thus, for this enzyme molecule, functional differentiation isfrom Trichoderma reeseiFinally, the functional mechanism
reflected in the structure peculiarities. This is the first direcof CBH I'is discussed.

observation of the three-dimensional structure of intact CBH

| from real space at nanometer scale. The functional mechan- _
ism is also discussed. 1 Materials and methods

PACS: 07; 68.35; 87 1.1 Separation of CBH |

CBH | was isolated from the solid-fermentation products [7]

Cellulose is the major polysaccharide component of a plarff Trichoderma pseudokoningii S38fungal strain with high
cell wall, and is the most abundant organic material on th&ellulolytic ability isolated in our lab [8]. _

planet. A number of bacterial and fungal organisms can use It was p_unfled wnh_ultrafl_ltratlon and a series of chro-
cellulose as a carbon source, possessing a cellulase systEigtographic methods, including columns of DEAE Sephadex
(cellobiohydrolases, endoglucanagesjucosidase, etc.) that A-25 and Sephadex G-100. There was only a single band in
can catalyze the hydrolysis pf(1,4) glycosidic bonds. Cel- SDS-PAGE [9]. The activity of CBH | was determined as de-
lobiohydrolases (CBH) are the most abundant components #£ribed in [10].

the cellulase family, especially CBH | (E.C.9.2.1.94.), which

plays an important role in the hydrolysis of crystalline cellu-1.2 Observation of CBH | by STM

lose [1]. It cleaves thg-(1,4) glycosidic bonds to release cel-

lobiose and has strong synergism with endo-glucanases[2, 3[he CBH | component was diluted to the concentration of
So far, the mechanism of cellulose biodegradation can ndi wg/ml with distilled water.5 ul of the CBH | solution was

be completely explained, because of the complicated struckopped on a freshly cleaved HOPG (highly oriented py-
tures of native cellulose substrates and cellulases. For thelytic graphite) surface, and then adsorbed on it3+60 s
protein of CBH I, it is difficult to be crystallized and ana- in air at room temperature. The excess solution was removed
lyzed by the traditional method — X-ray diffraction. How- with filter papers.

ever, the whole protein, which has been sequenced, could STM experiments were carried out in ambient environ-
be cleaved into two parts by protease catalysis, that is, coment with a domestic STM setup CSPM-930a (manufactured
protein (CP) and cellulose binding domain (CBD) [4]. Theby Institute of Chemistry, Academia Sinica). STM measure-
three-dimensional structure of the catalytic domain of Celments were performed with normal STM constant-current
lobiohydrolase | from the potent cellulolytic fungilisicho-  mode, using tungsten tips made by electrochemical etching.
derma reesehas been determined by X-ray diffraction [5]. Tunneling current and bias voltage are indicated in the rele-
Schmuck et al. (1986) [6] put forward the tadpole-like struc-vant legends of photographs. All STM images presented here
ture model of intact CBH | molecules fronirichoderma  are raw data images without any smoothing or filtering.
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2 Results and discussions molecules are evenly distributed on the HOPG surface. As
the molecules are randomly adsorbed on the HOPG surface,
STM can only observe the surface structure of objectivegvery molecule has a different orientation. Therefore, there
with electric conductivity. In general, macrobiomoleculesshould be a little difference in the molecules’ shapes, which
have relatively poor electric conductivity. However, CBH | is shows that the STM images are true. Though, we can also see
a kind of water-soluble protein, a lot of hydrophilic groupsthat all the molecules were similar in shape, which was like
are distributed on the molecular surface. Therefore, when theetadpole.
CBH | was dissolved in the buffer solution, water molecules  With higher resolution, the clearer STM images of in-
and ions in the buffer adsorbed on the molecular surfacgact CBH | were obtained and these are shown in Fig. 2a,b.
which will enhance the electric conductivity. So STM can beFrom these images, we can see more clearly that the CBH |
used to investigate the structure of CBH | molecules. molecule has an unusual shape like a tadpole. The intact
Figure 1a,b is the STM image of intact CBH | moleculesmolecule consists of an isotropic head and a long tail. The
on graphite surface. The picture clearly shows that CBH maximum length of the whole molecule w28+ 2 nm, and
the maximum width was abo@t+1.0 nm According to the
reported results, it could be deduced that the isotropic head
coincided with the core protein (CP), and the flexible tail part

Fig. 1a,b. STM images of CBH | fromTrichoderma pseudokoningii S38 Fig.2a,b. STM images of CBH | fromTrichoderma pseudokoningii S38
lt = 0.35 NA, Vhias= 534 mV. Scan areaa 160 nmx 160 nm b 160 nmx with higher resolutionl; = 0.19 nA, Vpias= 180 mV. Scan areaa 36 nmx
160 nm 30nm b 32 nmx 32 nm
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should be identified with the C-terminal glycopeptide, i.e. thdulose. At first, the CBD binds on the surface of cellulose,
cellulose binding domain (CBD). The CP domain had a maxthen, the CP domain moves back and forth on the cellu-
imum length of10+ 1.2 nm its largest width was up t8+  lose surface to degrade the cellulose molecule. As for the
1.0nm, and the maximum height was up 6:0.8nm It  CBD, it might play its function in two possible ways [14]:
was responsible for the catalytic function. While the CBD (i) adsorbing on the surface of the substrate to help the CP
was responsible for enzyme molecules binding on the surfacomain with the hydrolytic function; (ii) cleaving the hydro-
of the substrate — cellulose, its maximum length &3  gen bond network between cellulose molecules and separat-
2.0nm, and the maximum width and height were approxi-ing the cellulose clusters so as to increase the susceptibility
mately 74+ 1 nmand4.54+ 0.6 nm respectively. Schmuck et of the substrate and improve the degrading efficiency. The
al. (1986) put forward the structure model of CBH | from CBH | structure revealed from the STM images proved the
Trichoderma reeseiccording to small-angle X-ray scattering hypothesis of functional mechanism of CBH I. In addition,
(SAXS) data which is shown in Fig. 3. In the model structurethe maximum length and diameter of CBD wB8nmand
of CBH I, the length and the diameter of CP w&g nmand 7 nm respectively. Therefore, CBD should adsorb on the el-
4.4 nm, respectively, the length and the maximum diameter oementary fibrils.
CBD was12.9 nmand3.2 nm respectively. We can see that It is very difficult to obtain the crystal of cellulase be-
the shape of CBH I fronTrichoderma pseudokoningii S38 cause its structure was not symmetrical and it was highly
was very similar to the model structure of CBH | frof-  glycosylated. So far there is no crystal structure for the whole
choderma reeselM/e can also see that the ratio of head andnolecule of CBH I. This is the first time to observe directly
tail of CBH | from Trichoderma pseudokoningii SB§ STM  the shape of intact enzyme molecules from real space at
was very similar to that fronfrichoderma reesdby SAXS.  nanometer scale, which will help to elucidate the enzymatic
In general, the hydrolase was globular proteins. CBH | waslegradation mechanism of native cellulose. Later, STM will
a special one in shape, which was like a tadpole. Accordinfe used to observe directly the adsorption of cellulase on the
to the SAXS results, the CBH | molecule was cylindrical. Insurface of the cellulose, the structure of cellulose—cellulase
the STM images, the width was much larger than the heightomplex, the changes of CBH | conformation during degra-
which was due to the error induced by the curvature radius adation, and the dynamic hydrolytic process of cellulose by
the STM tip [11]. cellulases.
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