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Summary

Since biomass photosynthesized from CO: and IO is one of the most predominant storage
sites of solar energy, its effective utilization will be essential to overcome the shortage of foods
and energy in future. Relaxation of biomass tissue is focused to enhance solubilization by
expressing fiber-degrading enzyme genes in plants.

A xylanase gene from Clostridium thermocellum was highly expressed in tobacco plant (4%6)
without apparent defects in the growth., Another xylanase from Clostridium stercorarium was
also expressed well in tobacco suspension cells and degraded the host’s insoluble cell wall frac-
tion.

A cellulase from a rumen bacterium expressed in tobacco suspension cells promoted protoplast
formation efficiency of the transgenic cells. A thermostable (1, 3-1, 4)- 8-glucanase gene was
expressed in the grains of transformed barley after modifying codon usage.

The results obtained from these enzyme expressions in plants suggest the relaxation of plant
tissue which may enhance solubilization of tough biomass.

Key words : Fibrous biomass, cellulase, xylanase, Clostridium, rumen bacteria
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Fig, 1.

Structure of the expression construct coding for a truncated version of the XynZ protein of C.

thermocellum. (A) The complete xynZ coding region of plasmid pCT1200 is presented. The
C-terminal region of the xynZ gene, encompassed by arrows, was amplified by PCR using the

oligonucleotides indicated.

(B) The amplified product was cloned between the CaMV 353

promoter and the ocs terminating region of vector pBinAR using Bam HI restriction sites, The

signal sequence of the proteinase inhibitor
which is marked by a black bar.

I was inserted in {ront of the xynZ coding region
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Fig. 2. The XynB-containing extracts (0. 22U,

20ml) of BY?2transformants (7Tmg)
were incubated with 2. 3% raw barley
straw suspended in the phosphate buffer
(pH6.5, 20ml, 0.1ml) at 60°C. The
enzymatic activities were shown as
reducing sugar (nmol/ml). XynB-BY?2
at60’C (@), non-transformant BY2at
37°C (A) and 60°C (ED.
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TABLE 1. Activity of XynB from BY? transformants.

BY2 transformant Bi-il BI19 Bl2l  B32 B3-S

Total activity 14 0.66 028 016 018
{ units )

Specific activity 55 24 13 11 13
(U/mg)

Intracellular fraction from 20 mg of of one month old calli were extructed with 0.2
ml extraction buffer (pH6.5, 20mM phosphate), The xylanase activity was
measured by 10 min incubation at 60°C.

TABLE 2. XynB activity in the extracellular and intracellular fractions
of the BY2 transformant BI-11 culture.

Cultivation  Total activity Extracellular Intraceliular
period (days)  {units) (A)  activity(B), (B/A)% activity(C), (C/A)%
4 759 411 54.2 348 458
10 1948 1115 572 834 2.8

14 3600 1405 390 2195 61.0
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Structures of the introduced eg I and its derivatives. The shaded boxes represent the region

encoding the mature enzyme and the dotted boxes the region encoding the Egl signal sequence,

Numbers refer to amino acid residues.
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Fig. 4. Time courses of cellulase activity (closed circles) and cell density (open circles). A : non-trans-

formed cells, B : Ce-del.
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Fig. 5 . Creation of cellulase-positive transfor-
mants from tobacco suspension cells.
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Fig. 7. Degradation of tobacco cell wall by cellulases. Cellulases from extracts of recombinant
E. coli were incubated for 10 min and 14 hours with CMC and powdered tobacco cells at 37°C, It
shows that CBD enhances enzymatic activity on the raw tobacco cell wall.
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Fig. 8. Schematic procedure of Agrobacterium-mediated tobacco transformation.
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