
nisms for other potentially valuable biocata- 
lyuc processes. The editors have brought 
together prominent workers in clostridial 
biology and molded an informative and 
timely account (with references up to 1988) 
of the present status of the field. There is an 
agreeable crispness to the writing and a 
consistency in style and organization in the 
chapters. 

The genus Clostridium consists of a large 
nurnber of species of very diverse organisms 
with a high degree of phylogenetic hetero- 
geneity (Cato and Stackebrandt). Clostridia 
can convert a large variety of complex or- 
ganic materials to simple organic acids, alco- 
hols, neutral solvents, C02, and H Z  The 
metabolic capabilities of these organisms are 
introduced by Andreesen, Bahl, and Gott- 
schalk. Ljungdahl, Hugenholtz, and Wiegel 
discuss authoritatively the metabolic path- 
ways that generate the wide range of organic 
acids produced by a large variety of clostridi- 
al species, with emphasis on the acetogens. 

Many saccharolytic species produce neu- 
tral solvents as an alternate mechanism for 
disposing of excess reducing equivalents 
generated during fermentation. The species 
range from thermophilic saccharolytic spe- 
cies, such as C .  thermohydrosulfirrinrm, that 
produce ethanol to mesophilic ABE fer- 
menters in which acetic and butyric acids are 
converted to alcohols and acetone at the end 
of the acidogenic, exponential growth 
phase. This transition in metabolism is asso- 
ciated with the initiation of sporulation; the 
mechanisms responsible for triggering the 
change are not understood. The fermenta- 
tion strategies for solvent production by 
these and related species are comprehensive- 
ly reviewed by Jones and Woods, as are 
physiological aspects of inhibition by fer- 
mentation end products. 

Clostridia also secrete a variety of en- 
zymes that are potentially valuable, particu- 
'larly the stable enzymes elaborated by the 
thermophiles. Saha, Lamed, and Zeikus de- 
scribe the characteristics of a nurnber of 
extracellular enzymes that are potentially 
exploitable, including hydrolases, such as 
amylases, pullulanase, pectinases, collage- 
nase, proteases, selected oxidoreductases, 
and the complex of proteins making up the 
cellulosome of C .  thermocellum. 

Because of their anaerobic life style, clos- 
tridia possess a wide range of unusual enzy- 
matic activities. The commercial exploita- 
tion of such enzymes for the synthesis of 
specific chiral compounds, for use in assays 
or diagnostic kits, and for other bioconver- 
sions is proposed by Morris. There is even a 
use (for therapeutic purposes) for the potent 
toxins produced by toxigenic clostridia 
(Shone and Hambleton) . 

This is an excellent time to review the 

birth of genetic analysis in this genus 
(Young, Staudenbauer, and Minton). Re- 
combinant DNA technology has been used 
to clone clostridial genes into Escherichia coli 
and to analyze their structure and expres- 
sion. Development of a reliable method of 
transformation of intact cells by electropora- 
tion and conjugal transfer of plasmids and 
transposons are important recent advances, 
as is the construction of E. coli/Clostridium 
shuttle vectors. Heterologous genes from 
other clostridia have been introduced into 
C .  acetobutylicum. Eventually recombinant 
DNA technology should be useful for clon- 
ing new genetic capabilities into clostridia. 

The handbook will be of great value to its 
intended readers and is recommended read- 
ing for graduate students in microbiology. I t  
certainly belongs in microbiology depart- 
ment libraries. 

EVA R. KASHKET 
Department of Microbiology, 

Boston University School of Medicine, 
Boston, M A  02118 

A Model in Waiting 

The Biology of Euglena. Vol. 4, Subcellular 
Biochemistry and Molecular Biology. DENNIS E. 
BUETOW, Ed. Academic Press, San Diego, CA, 
1989. xvi, 528 pp., illus. $150. 

Euglena gracilis is not the only alga that 
normally produces colorless (or non-green) 
plastids in the dark and turns them into 
chloroplasts in the light, but it is the only 
alga in which the process of chloroplast 
development can be readily studied. The 
initial popularity of Euglena as an experimen- 
tal organism, however, had less to do with 
chloroplasts than with Seymour Hutner, 
who determined in 1949 that axenic Euglena 
had an absolute requirement for vitamin 
BI2. Hutner exploited this requirement in a 
simple and sensitive bioassay for the vitamin 
and along the way devised several defined 
media that afforded relatively rapid growth 
rates (up to three divisions per day) and 
extremely luxuriant yields (around 15 grams 
per liter). In the ensuing 40 years Euglena 
became a rewarding subject, mostly for the 
study of chloroplast development, but also 
for the study of cell structure, diurnal 
rhythm, vitamin BI2, trace-metal nutrients, 
and locomotion. 

Dennis E. Buetow has been editing The 
Biology of Euglena since 1968 and has himself 
contributed handsomely to euglenology. 
This latest volume continues an important 
tradition that is appreciated by Euglena afi- 
cionados and should be of profit to all 
students of phycology, plant biochemistry, 
and molecular biology. 

As is usually true of multi-authored 
books, volume 4 is uneven. It must be said 
that the editing is imperfect: citations are in 
some cases incbrrect,and the valuable chap- 
ter by S. Kitaoka et al. on virtually every 
enzyme studied in Euglena in the last 20 
years could have been made more readable. 
(It was in Kitaoka's laboratory, incidentally, 
that Euglena were first made to yield coupled 
mitochondria and chloroplasts that could fix 
C02.) 

Four chapters on organelles and subcellu- 
lar partic1es;lluminate the virtual uniqueness 
of Euglena: I know of no other microorgan- 
ism from which nuclei, mitochondria, mi- 
crobodies, lysosomes, autophagic vacuoles, 
and chloroplasts have all been isblated, albeit 
with varying success. Buetow's chapter on 
mitochondria is an excellent survey and in- 
cludes some beautiful three-dimensional re- 
constructions of the changes that occur in 
the reticulate mitochondria with changes in 
nutrition and development. Unfortunately 
little research at the molecular level has been 
reported on Euglena mitochondria. The situ- 
ation with microbodies, lysosomes, and au- 
tophagic vacuoles is worse, since the latest 
relevant reference in M. J. Merrett's chapter 
on those topics is 1981. The chapter by 0 .  
Bertaux et al. on the Euglena nucleus, howev- 
er, is doubly disappointing. The treatment 
of the organization and structure of nuclei is 
drawn almost entirely from literature that is 
10 years out of date, and the composition 
and transcriptional activities of isolated nu- 
clei are presented without reference to what 
has been learned in contemporary studies on 
other organisms. 

The last third of the volume bears most 
strongly on the problem of light-induced 
chloroplast development. The thoughtful 
analysis by Edelrnan and Kahana on protein 
synthesis in plastids marshalls evidence on 
plastid development at three different levels: 
in vivo, in organello, and in vitro. Again, the 
versatility of Euglena is demonstrated. The 
paper by Hallick and Buetow on chloroplast 
DNA is a summary of gene maps, gene 
sequences, genome organization, and DNA 
replication. With some 60% of the genome 
sequenced, the Euglena plastid genome is 
easily the most thoroughly understood out- 
side of higher plants. The !ha1 chapters by 
N. G. Avadhani and G. Freyssinet on ribo- 
somes and M. Nigon et al: on messenger 
RNAs are strongly weighted, as is the litera- 
ture, toward clues to plastid development 
gleaned from the analysis of these elements. 
- As much as I enjoyid reading the book, 1 
was also troubled: in chapter after chapter 
the bulk of the discussion centered on the 
literature of the '70s. It is not that the 
authors were negligent in including current 
references, although some were at fault in 
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table of the type sites for all the "stages" of Helmut E. Strernme discusses the correla- not employing contemporary models in the 
analysis of older data; the fact is that few 
laboratories currently work on Euglena and 
the number of papers on ~ u ~ l e n a  has de- 
creased sharply. The cause of the decline in 
the popularity of Euglena is obvious: no one 
eats Euglena; no one gets sick from it; and- 
unlike ~h1am~domona~-it has no sex. Eugle- 
na remains nonetheless one of the best orga- 
nisms for the analysis of plastid development 
on the levels of moledar  bio- 
chemistry, and physiology. Euglena is an 
organism waiting for a good paradigm. 

C. A. PRICE 
Waksman Institute, 
Rutgers University, 

Piscataway, NJ 08855-0759 

Concerns of Stratigraphy 

Quaternary Type Sections. Imagination or Re- 
ality? Jm ROSE and CHRISTIAN SCHLUCHTER, 
Eds. Balkema, Brookfield, VT, 1989. viii, 208 
pp., illus. $48. From a symposium, Zurich, Swit- 
zerland, Oct. 1985. 

Type sections are the hdarnental refer- 
ence points of geological stratigraphy- 
quarry exposures, road cuts, sea cliffs, or 
even cores from borings (drill holes) in 
which formal litho-, bio-, and chronostrati- 
graphic units are defined and to which 
newer field discoveries must be related. 
Original type sections are rarely perfect, 
because they commonly derive their status 
through pragmatic considerations. A type 
section may have been merely the first or 
only section discovered, the best preserved, 
or the closest to a research center. Such 
accidents do not necessarily provide truly 
representative lithologies, complete suites of 
fossils, and the absence of internal hiatuses 
(unconformities) . Geologic correlation nev- 
ertheless requires reference points, and such 
points should be fixed by convention and 
should not be changed casually. 

The title of this volume promises a discus- 
sion of such considerations, which could be 
of broad interest. Only a few of the papers 
address the concept of type sections, howev- 
er, and many of them make no mention 
whatsoever of a type section, let alone evalu- 
ate the role of type sections in Quaternary 
stratigraphy. Nor is there an introduction or 
overall summary putting the question raised 
in the title into some perspective. This is not 
to say that the contributions are not interest- 
ing and valuable in their own right, but for 
those attracted by the title caveat emptor. 

In part 1 (Basic References), R. G. West 
briefly reviews the type sections used for the 
subdivision of the British Quaternary, in- 
cluding a historical perspective and a useful 

the British ~ i a t e r n a r y  stratigraphic column. 
He concludes with a strong pitch for de- 
tailed descriptions of formally defined sec- 
tions in order to improve terrestrial Quater- 
nary stratigraphy, and he insists that "a 
framework should not be placed on the 
marine isotope stages." ~ e i t ,  more than 
equal space is given to N. J. Shackleton, who 
convincingly argues for a marine isotopic 
framework but does not address the conceDt 
of a type section. 

J. Rose addresses finer scale subdivisions, 
stades or stadia, in the British Quaternary, 
concluding that only a few of them have 
been formally defined. Rose reviews the 
concept of type sections, including unit stra- 
totypes, holostratotypes, lectostratotypes, 
and hypostratotypes. So far, so good, but he 
then goes on to make it clear that there is a 
"preference for a stadial stratotype to show 
direct evidence of glaciation," thus building 
climatic and genetic interpretation directly 
into what should be strictly a descriptive 
classification. Charles Turner also (p. 42) 
raises the issue of climatic classification, 
specifically in the form of "geologic-climate 
units," as defined by the 1961 American 
Code of Stratigraphic Nomenclature. It 
seems to have escaped all the contributors 
that a newer North American Code of 
Stratigraphic Nomenclature exists that was 
published two years prior to their sympo- 
sium and explicitly excludes "geologic-cli- 
mate units." 

Rose clouds the issues even more bv 
stating that "at present chronostratigraphy 
has no role" (p. 58) in defining British 
stadials. This statement is comprehensible 
only when it becomes clear that Rose does 
not utilize "chronostratigraphy" in the sense 
of the 1961 American Code or the Hedberg 
International Stratigraphic Guide, both of 
which he cites as authorities. In fact, chro- 
nostratigraphy is not treated correctly any- 
where in this volume. Rose has the cart 
before the horse in defining chronostratigra- 
phic boundaries by their absolute dates in 
years. In the terminology of the current 
North American Code, such "stadials" 
would be "chrons"-chronometric, not 
chronostratigraphic, subdivisions. 

The remaining two-thirds of the volume 
has essentially nothing to do with type 
sections, but does contain some very inter- 
esting papers on lithostratigraphy, biostrati- 
graphy, and paleosols of the circum-Alpine 
region, the French Massif Central, the Pyre- 
nees, the Netherlands, and Poland. Three 
papers are especially noteworthy. M. Reille 
and J.-L. de Beaulieu describe long pollen 
sequences from the volcanic basins (maars) 
of the French Massif Central, which rival 
that of Grande Pile so often cited these days. 

tion of ~deosols between northern E u r o ~ e  
and the Aips, which leads him to a correla- 
tion of the (northern European) Holsteinian 
with the (Alpine) GiinzIMindel interglacial, 
both dated at more than 350,000 years, 
although this conclusion is not universally 
accepted. Finally, R. Hantke reviews the 
probable course of early and pre-Quaternary 
climatic development on both the north and 
south slopes of the Alps, going back to 
Oligocene and Miocene glaciation. 

In conclusion, the question raised in the 
title of this book is never answered. I t  
appears that the symposium that spawned 
the volume was based on an interesting 

u 

problem, but none of the participants came 
to grips with it. 

WILLIAM R. FARRAND 
Department of Geological Sciences, 

University of Michigan, 
Ann Arbor, MI 48109-1063 
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