
Meetings 

Applied Microbiology in 

Developing Countries 

The application of microbiology to 
developing nations was the subject of 
a symposium held in Washington, 
D.C., on 5 May 1964 during the an- 
nual meetings of the American Society 
for Microbiology. The symposium was 
organized in response to the interest 
and concern expressed by microbiolo- 
gists and related specialists with regard 
to the standards of education, compe- 
tence, and research in many of the 
developing countries and with par- 
ticular reference to the adequacy of 
the U.S. training programs for students 
from abroad. 

In his introductory remarks, M. 
Alexander (Cornell University) con- 
sidered the various needs for the fur- 
ther training of applied microbiologists 
in the developing areas. It was pointed 
out that, in view of the availability 
of competent specialists acquainted 
with the general and specific problems 
of research and instruction in many 
regions of the world, small study 
groups of specialists should be sent to 
selected countries where they could 
formulate the major needs and estab- 
lish a series of priorities in training 
and research. 

A comprehensive summary of the 
potential for increasing food produc- 
tion through microbiology was given 
by R. C. Dawson (Food and Agricul- 
ture Organization, United Nations). 
Particular emphasis was placed upon 
the direct contribution that microbiol- 
ogists could make to the world's food 
supply without generating new pro- 
grams that would make further de- 
mands on the diminishing supply of 
arable land. Inoculation of legumes 
with the root-nodule bacteria is a 
prime example of such a contribution. 
Because of the widespread requirement 
for large amounts of supplemental ni- 
trogen for crop production, the rela- 
tively high cost of many fertilizers in 
developing regions, and the fact that 
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simple skills can be applied to culti- 
vating the bacteria required for the 
conversion of molecular nitrogen into 
plant-available forms, harnessing the 
root-nodule microorganisms for the 
benefit of agriculture overseas appears 
to be a microbiological measure that 
would assuredly provide major eco- 
nomic returns. 

Dawson described the use of yeasts 
and algae for human and animal con- 
sumption, the control of insect pests 
by pathogenic microorganisms, and 
means for the regulation of certain of 
the harmful activities of various micro- 
organisms in agriculture. Surprisingly 
little attention has been given to effec- 
tive and practical means for the ex- 
ploitation of microorganisms important 
to the food supply of regions where 
shortage of agricultural land and lack 
of technology are often limiting fac- 
tors to economic development. The 
following microbiological approaches 
to increasing the food supply were 
considered in some detail: the control 
of plant and animal disease, the appli- 
cation of measures of microbiological 
pest control, practical utilization of the 
nitrogen-fixing species, the conversion 
of cheap agricultural wastes to food 
and feed supplements, and the pres- 
ervation of food commodities from 
spoilage. 

E. L. Gaden, Jr. (Columbia Uni- 
versity), presented a highly original 
examination of the application of mi- 
crobiology to industrial technology in 
the developing nations. Useful materi- 
als produced by microbiological sys- 
tems on a large scale were grouped 
into four major categories: (i) indus- 
trial chemicals; (ii) therapeutic agents 
including antibiotics, vaccines, and 
pharmaceutical enzymes; (iii) nutri- 
tional supplements such as vitamins 
and amino acids; and (iv) complete 
food components. Industrial chemicals 
were not considered attractive pros- 
pects for manufacture inasmuch as 
adequate markets often do not exist 
for the fermentation products. Com- 

petition from petrochemical sources in 
many of these countries may poten- 
tially be quite great. Moreover, it was 
suggested that therapeutic products are 
probably best obtained by inviting for- 
eign manufacturers to establish local 
or regional packaging plants and, later, 
primary production facilities. 

Foods and food supplements are, 
in Gaden's view, the microbiological 
process areas of choice. This has been 
highlighted by recent successes in the 
conversion of hydrocarbon raw ma- 
terials to high-quality dietary proteins. 
If these products are to be truly val- 
uable, however, new approaches must 
be followed in the design of processes 
and plants. It is not sufficient to simply 
transplant the microbiological tech- 
nology of the United States and Eu- 
rope to the less developed areas. A 
variety of specific examples of capital 
and operating cost reductions through 
imaginative design were cited. The 
speaker emphasized the importance of 
sound economic judgment in deciding 
what is important biotechnologically 
in developing countries and the neces- 
sity for differentiating between indus- 
trial processes which are technically 
attractive and those which are econom- 
ically feasible. 

In a highly controversial but well- 
documented and carefully considered 
review, C. Lamanna (U.S. Army 
Research Office) weighed the public 
health microbiological needs in under- 
developed nations. In his first remarks, 
Lamanna seriously questioned the rel- 
evance and the limits of application of 
professional and technical experiences 
in this country to specific needs abroad. 
Following this initial challenge, he 
pointed to the current decrease in rel- 
ative emphasis placed upon microbiol- 
ogy in public health practice with the 
concomitant increase in technological 
sophistication, a trend coinciding with 
the broadening horizons and ambitions 
of the microbiologist. In the light of 
the slow spread of technology in the 
developing nations, it becomes increas- 
ingly important for the public health 
specialist in the advanced countries to 
carefully assess the actual requirements 
abroad in order to avoid abortive at- 
tempts to graft one type of micro- 
biological experience onto an incom- 
patible economic environment. 

Attention was also focussed upon 
the economic implications of public 
health microbiology. Unfortunately, 
microbiologists or health workers are 
not commonly called in as a part of 
economic evaluations of underdevel- 
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oped areas: conversely, mlicrobiologists 
often fail to seek advice on the eco- 
nomic consequences of their actions in 
the medical disciplines. A number of 
relevant examples and cases were cited. 
Moreover, often the skilled profes- 
sional is not needed at all, and either 
paramedical personnel or sanitarians 
could as effectively and far more 
cheaply perform essentially the same 
functions. Thus, instruction in site se- 
lection for privies and in the construc- 
tion of safe water supplies may be far 
more important than having a micro- 
biologist routinely estimate coliform 
bacteria. 

The role of microbiology in coim- 
municable disease control was assessed 
by M. M. Brooke (Communicable Dis- 
ease Center, Atlanta). Brooke placed 
particular stress upon the availability 
of microbiological competence in the 
developing nations and the limited fa- 
cilities or resources for the training of 
the required specialists or technicians. 
Without minimizing the value of the 
instruction received in the United 
States, there can he little doubt that 
these domestic programs alone prob- 
ably never will be adequate to meet 
the extent of the problem. Frequently, 
as speakers at the symposiutm reiter- 
ated, U.S. educators present to over- 
seas trainees concepts and facts that 
the teachers are interested in rather 
than those essentialto to the student upon 
his return home. 'It is only human for 
the trainees to lean toward sophisti- 
cated subjects and direct; their attention 
to complicated equipment, particularly 
if obscurity tends to be associated 
abroad with status. Too often the 
drive for education and microbiologi- 
cal training is not directed to the re- 
quirements of the economy, and too 
commonly, it was pointed out, educa- 
tional experiences formulated for 
Americans or individuals from ad- 
vanced nations have no relevance in 
the economic and social contexts of 
the student's homeland. Each of the 
speakers emphasized the necessity for 
modifications in study programs in 
order to fit :the educational levels and 
the medical, agricunltural, and industrial 
requirements of the developing nations. 

It was generally agreed by the par- 
ticipants in the symposium and aptly 
stated by L,amanna ithat after feeding 
upon a diet rich in manometers, mi- 
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crobial genetics, molecular biology, 
and, as a frosting upon the cake ter- 

minating the rich repast, a measure of 
intellectual snobberv-a snobbery of- 
ten associated w ith an intolerance of 
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the efforts of those not engaged in the 
newest research areas-the potential 
microbiologist will commonly not be 
in a. position to assess the requirements 
or handle the issues facing his profes- 
sion in a resource-limited, economically 
unddrdeveloped area. To cope with the 
problems of education, research, and 
the development of piriorities, micro- 
biologists themselves should take the 
initiative in suggesting means by which 
microbiological efforts can contribute 
to international assistlance. 

NMI. AiL.EXANDER 

Cornell University, Ithaca, New York 

Hleterogeneity of Antibodies 

Heterogeneity of antibodies was the 
topic of the 3rd annual midwinter con- 

ierentce of imnmunologists held in Pasa- 
dena, California, 26-28 January 1964. 

During the first session, on theoret- 
ical considerations, Talmage discussed 
the question of how many different 
gammi globulins exist. Using as an 
analogy the comlbi nat ion of the relative- 
ly few letters of the English alphabet 
to foi rm several hundred thousand 
words, he suggested that a relatively 
sm all number of different globulins, of 
the order of a thousand, present a few 
at a time in various comnbinations, 
might be sufficient to explain the known 
specificity properties of imn-munllologic 
reactions. The 'number of possible com- 
binations (which he called I'anmilies) was 
calculated byv means of the binomial 

coefficient (N) , N different globulins 

taken F at the time. He suggested that F 

might be determined from ex perimental 
observations and that the order of mag- 
nitude of other parameters might then 
be estimated. He also discussed certain 
consequences of this hypothesis con- 
cerning antibody synthesis and spe- 
cificity. 

A theory of electrophorctic transport 
of interacting systems was reported by 
Cann. HIe considered reactions of the 

type A + nNN B, where A represents 
a protein molecule in solution and B is 
its complex formed by binding of n 
moles of an electrically neutral constitu- 
ent N of the supporting rmedioum. The 
assum- ptions underlying this treatment 
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ously. The conservation equations were 
solved numerically on a digital com- 
puter for the case where N is undisso- 
ciated acetic acid. The theoretical elec- 
trophoretic patterns were shown to 
account for the essential features of the 
observed electrophoretic behavior of a 
number of proteins in media containing 
varying concentration of acetate buffer 
at pH 5.7 and 4.0. 

Aladjem presented a new quantitative 
theory of the precipitin reaction. The 
theory describes the interactions be- 
tween multivalent antigen and bivalent 
antibody; antibody is considered to be 
heterogeneous with respect to equi- 
librium constants. Heterogeneity is de- 
scribed in terms of a multivariate prob- 
ability density function (2f variate, 
where 2 is the valence of antibody and 
f the valence of antigen). He presented 
a method for finding this function from 
experimental measurements of the 
amount of antigen-antibody precipitate 
and the amount of soluble complexes. 
Briefly, the method consists of (i) mak- 
ing an initial estimate of the function 
and computing by means of the theory 
of distribution of complexes; (ii) com- 
paring the computed distribution of 
complexes with the experimental data; 
and (iii) using the criterion of least 
squares and iterative procedures for 
consecutively better approximations, 
finding that distribution of complexes 
and hence that probability density func- 
tion which best fits the experimental 
data. The theory suggests experiments 
and a new method of interpretation of 
the result. 

Other sessions were devoted to chem- 
ical investigations of heterogeneity. 
Singer reviewed recent data relevant 
to the heterogeneity of antihapten 
antibodies. Hapten-protein conjugates, 
which are usually used as immunizing 
antigens, are very likely heterogeneous 
with respect to haptenic determinants; 
there may be many causes for structural 

heterogeneity of haptenic determinants. 

Singer emphasized the variations in the 
local environment on the protein sur- 
face and suggested that the points of 
covalent attachment of the haptenic 
groups on a given protein may be dif- 
ferent. He concluded that the observed 
heterogeneity of combining sites of an- 

tihapten antibodies may therefore be 
due to antigenic heterogeneity and that 

heterogeneity of antibody-combining 
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sites against a single determinant has 
not yet been demonstrated. Singer also 

reported some observations of Eisen. To 
minimize haptenic determinant hetero- 
geneity, Eisen used as immunizing an- 
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