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Abstract
Cellulose is the main structural component of plant cell wall and thus the most abundant carbohydrate in nature. Howe-

ver, extracting the energy from this abundant source is limited by its recalcitrant nature. The hydrolysis of plant cell wall

requires synergystic action of different enzymes, including multiple cellulases, hemicellulases, pectinases, etc. Meanw-

hile aerobic cellulolytic microorganisms release large quantities of synergistically acting free enzymes in their environ-

ment, most anaerobic microorganisms evolved more efficient strategies to optimize the process of plant cell wall degra-

dation, for example production of extracellular multi-enzyme complexes (cellulosomes). Cellulosomes consist of at

least one core structural protein, named scaffoldin, which firmly binds numerous enzymatic subunits, and usually also

plays a major role in substrate binding. Although the general structure of cellulosomes seems universal, differences in

number and identity of complex components do exist among microorganisms. The article surveys the current knowled-

ge about cellulosomes, focusing on three best investigated cellulolytic clostridia, one representative of ruminal bacteria

and novel findings concerning anaerobic fungi. Efforts in construction of artificially engineered cellulosomal systems

(designer cellulosomes) as well as their biotechnological potential are also discussed.
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1. Introduction

Cellulose is the major building component of plant

matter and as such makes the most abundant renewable

source of organic polymers in the biosphere. From the

biotechnological perspective, cellulosic material thus re-

presents the most valuable source of biomass in which an

enormous quantity of energy has been deposited by pho-

tosynthesis.1 In response to high worldwide demand for

energy, unstable and uncertain petroleum sources and

concern over global climate change, many countries have

initiated extensive research and development programs in

sustainable and renewable energy resources.2 The Euro-

pean Union has developed a vision in which 25% of

E.U.’s transportation fuels will be produced in biorefine-

ries by 2030.3 It is therefore not surprising, that one of the

major industrial challenges over the past years has beco-

me conversion of cellulose biomass into biofuels, such as

ethanol. Furthermore, as cellulose waste represents the

largest single waste by-product of our society, increasing

scientific interest is oriented toward combined cellulose

waste management and energy resources.4,5 However, the

use of such waste is limited by heterogenous and recalci-

trant nature of (ligno)cellulosic material, which makes it

difficult to be degraded in a cost-effective manner.6,7 Cur-

rent procedures for cellulosic biomass degradation combi-

ne physico-chemical treatment with enzymatic hydroly-

sis, the second being a feasibility-limiting step because of

high costs and limited performance of currently available

enzyme preparations.7 Recently, some new strategies have

been introduced to make the hydrolysis of cellulose more

efficient. One of the possible future approaches is based

on the use of multi-enzyme complexes, naturally found in

many anaerobic cellulolytic microorganisms, the cellulo-

somes. Cellulosomes are supramolecular assemblies that

exploit the synergistic interactions afforded by optimal

proximity and organization of their enzyme components,

making them more efficient in degradation of cellulosic

substrates.8 Increasing knowledge of such natural degra-

dation systems combined with genetic engineering tools

enables designing of cellulosomes with improved proper-

ties.9–11 This article surveys current knowledge about cel-

lulosomal systems of selected anaerobic microorganisms

as well as achievements in construction of designer cellu-




