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There is a growing awareness that 
many cellular functions are directly in- 
fluenced or "controlled" by macromole- 
cules "outside" the cell, either as com- 
ponents of the plasma membrane, or as 
cell surface-associated materials, or as 
components of intercellular matrices (1). 
Many of these macromolecules have 
now been shown to have carbohydrate 
moieties (for example, glycoproteins, mu- 
copolysaccharides, proteoglycans, and 
some glycolipids are involved). The 
Golgi apparatus functions both in the 
synthesis or assembly of some of these 
carbohydrate-containing materials and 
in their transport to the cell surface as 
part of the secretory process. The ap- 
paratus thus provides a focal point to 
which we may relate many of the find- 
ings regarding cell surface-mediated 
phenomena that come from numerous 
separate fields. 

Much attention has been directed to 
the specificity of proteins and the man- 
ner in which this specificity is genetical- 
ly determined by nucleic acid coding of 
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amino acid sequences. Nonetheless, the 
fact that there is a high degree of ge- 
netically controlled specificity in certain 
carbohydrate groups has also been 
known for many years from various 
studies with microorganisms, from blood 
group studies, and from immunochem- 
ical studies (2). Carbohydrate-contain- 
ing materials found generally at the sur- 
face of cells (3, 4) have now been im- 
plicated in fundamental aspects of 
cellular function such as recognition, 
motility, and association (4-6). For ex- 
ample, specific carbohydrate groups are 
responsible for recognition and adhesion 
between mating types in many unicellu- 
lar organisms (7) and may be responsible 
for recognition by gametes of higher or- 
ganisms (8). They are also involved in 
recognition and cell-specific adhesion 
in the structuring of multicellular forms, 
for example, in the species-specific 
aggregation of sponge cells, in the his- 
tiotypic association of embryonic cells, 
and in the formation of cell contacts in 
Dictyosteliumn (9). Alteration of carbo- 
hydrate-containing surface materials 
brought about by virally induced cell 
transformation may explain several 
characteristics of virus transformed 
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cells such a cell fusion, selective agglu- 
tination, and the release of cells from 
contact inhibition (4, 5, 10), and may re- 
late to the development of malignancy in 
general (4, 5, 11). Antigenic specificity 
characteristics of glycoproteins with 
blood group activity are determined 
by particular sugar groups added se- 
quentially to a polypeptide moiety (12). 
In many instances, the particular char- 
acteristics of surface materials can be 
correlated with sugar sequences that 
include galactose, fucose, and sialic 
acid. 

The surface specificity of cells pro- 
vides selectivity for materials taken into 
the cell both by passage through the 
membrane and by endocytic phenom- 
ena. In instances of the intake of ma- 
terials by endocytosis, surface specific- 
ities may determine the fate of the en- 
gulfed material, for example, whether 
and to what extent it is degraded in the 
lysosomal system (13). Removal of seg- 
ments of plasma membrane with asso- 
ciated material during endocytosis can 
be compensated for by incorporation of 
secretory vesicle membranes. Such 
"new" membrane segments may carry 
different specificities into the plasma 
membrane (14, 15). The cycling and 
recycling of surface materials may pro- 
vide for the changing specificities in in- 
formational content essential for the 
control of differentiation and develop- 
ment. 

Both at the cellular and supracellular 
levels various developmental phenom- 
ena may be guided by cell-to-cell and 
cell-to-environment interactions in which 
carbohydrate-containing materials act as 
determinants. It has been proposed that 
"informational potential" of such ma- 
terials located at the cell surface could 
explain characteristics of cell move- 
ment, morphogenesis, and adaptability 
to environmental stimuli during em- 
bryogenesis (16). Similar materials 
have been implicated in various mor- 
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phogenetic aspects of epithelial-mes- 
enchymal interactions (17). Particular 
attention has 'been called to the role 
of carbohydrate-containing intercellular 
materials in bringing about or stabiliz- 
ing cell differentiation during embry- 
onic induction and tissue morpho- 
genesis (18). 

The functioning of highly differenti- 
ated cells also involves special surface 
characteristics. The mucopolysaccha- 
ride coating of the brush border of 
intestinal cells is the site of the di- 
gestive enzymes invertase and maltase, 
may be the location of antigenic sites 
or specific receptor sites (such as for 
the vitamin B12-intrinsic factor com- 
plex), and may also serve as a filtra- 
tion gel influencing the absorption of 
various ions or molecules (19). The 
glycoprotein nature of the mucus coat 
in the stomach may be specifically re- 
lated to characteristics of ion perme- 
ability, which could cyclically control 
the release of gastrin and its subse- 
quent stimulation of gastric acid secre- 
tion (20). The controlled modulation 
of intercellular hydration and ion dis- 
tribution and exchange by carbohy- 
drate-containing materials may be of 
particular importance in many aspects 
of neural functioning (21). 

Throughout the whole period of 
studies of the coding of polypeptide 
chains by nucleic acids there has re- 
mained the question of whether this 
mechanism provided extensive enough 
biological information in essential pat- 
terns of distribution to guide all the 
activities in which the cell becomes in- 
volved. The concept that has emerged 
is that informational capacities inher- 
ent in the structure of some proteins 
can be greatly enhanced by the addi- 
tion of particular carbohydrate chains 
that may confer different types of 
specificity or allow for a greater range 
or variability in specificity. It suggests 
further that many carbohydrate-con- 
taining materials when exteriorized 
from the cell have particular "informa- 
tional" characteristics responsible for 
influencing a wide range of cellular 
activities (22). 

The current emphasis on the impor- 
tance of materials "outside" the cell 
directs attention to the role of the 
Golgi apparatus, an organelle which 
has long been recognized to be cen- 
trally involved in secretion (23). Dur- 
ing secretion the membranes of the 
Golgi apparatus are specialized for the 
assembly of secretory materials and for 
the formation of membrane-bounded 
vesicles in which masses of material 
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are transported to the cell surface. Re- 
cent evidence suggests that the Golgi 
apparatus may also act in the synthesis 
of certain polysaccharides and in the 
synthesis or attachment of the carbo- 
hydrate side chains of glycoproteins 
(or possibly glycolipids). These macro- 
molecules are components of various 
materials including mucins, intercellu- 
lar matrix materials of both plants and 
animals, and surface-associated mate- 
rials of cells not normally considered 
"secretory." Various staining proce- 
dures generally indicative of polysac- 
charides show localization in the Golgi 
apparatus or its derived vesicles and 
comparable localization at the cell sur- 
face (3, 4, 24). Radioautographic 
techniques have shown the rapid up- 
take of several labeled sugars by the 
Golgi apparatus, without any seeming 
prior passage through the endoplasmic 
reticulum, and their subsequent trans- 
port and secretion (6, 25). Biochemi- 
cal analyses of Golgi apparatus-rich 
fractions have consistently shown rel- 
atively high values of glycosyl (partic- 
ularly galactosyl) transferases (26). 

Detailed data on the synthesis of 
several glycoproteins (27) [for exam- 
ple, thyroglobulin (28); immunoglobu- 
lins (29); and some components of 
the connective tissue matrix (30)] sug- 
gest that the Golgi apparatus functions 
as part of an "assemnbly line" along 
which sugar groups are sequentially 
added to a protein moiety. Synthesis 
of the protein is restricted to the ribo- 
somes in association with the endo- 
plasmic reticulum, whereas sugar 
groups are added at different sites in 
the cell. The sugar groups closely 
linked to the polypeptide chain (often 
including glucosamine and mannose) 
are added either as the presumptive 
polypeptide chains come off the ribo- 
somes or in the endoplasmic reticulum 
while the more terminal sugars (often 
including galactose, fucose, and sialic 
acid) appear to be added later in the 
Golgi apparatus. The secretory prod- 
ucts may be further modified in Golgi 
apparatus-derived vesicles during trans- 
port and at the plasma membrane. 

The evidence is thus consistent with 
the concept that the Golgi apparatus 
plays a large part in determining cer- 
tain of the characteristics of cell sur- 
face-associated materials through its 
ability perhaps to synthesize and cer- 
tainly to link carbohydrate groups to 
proteins to form informationally rich 
macromolecules. The arrangement of 
the more terminal sugar groups must 
be a primary factor in determining the 

information potential of these mate- 
rials either because of the specificities 
of these groups themselves or because 
they may have to be removed to make 
other information in the macromolecule 
available. In addition, the incorpora- 
tion of vesicles produced by the Golgi 
apparatus in discrete regions of the cell 
membrane may provide for a particu- 
lar spatial distribution of specificity 
characteristics in the surface-associated 
materials. This differential localization 
of specific carbohydrate groups, as seen 
for example in the positioning of the 
H-2 antigens in mouse lymphocytes 
and thymocytes (31), must be of im- 
portance in affecting cellular phenom- 
ena. 

The Golgi apparatus can be viewed 
as the membrane-bounded compart- 
ment of the cell where enzymes in- 
volved in the synthesis of particular 
carbohydrate groups are present, have 
the necessary spatial organization, or 
are active. Currently, particular em- 
phasis can be placed on the synthesis 
of the more terminal sugar sequences 
in the assembly of various materials 
as they may be a critical part of deter- 
mining the information potential. While 
the site of the initial attachment of 
sugars to the polypeptide chain is de- 
termined in part by information inher- 
ent in the amino acid sequence itself, 
the subsequent stepwise addition of 
specific sugars appears to require fur- 
ther genetic control and to be brought 
about by the activities of specific en- 
zymes compartmentalized in the Golgi 
apparatus. Part of the Golgi apparatus 
function appears to be the assembly 
of membranes that have specific char- 
acteristics. This differentiated mem- 
brane seems to provide additional dis- 
crete sites for the genetically controlled 
assembly of specificity groups in macro- 
molecules between the original struc- 
turing of the polypeptides and the cell 
surface where these "informational 
macromolecules" determine cellular as-, 
sociation and development. As a result, 
the characteristics of the plasma mem- 
brane and its associated surface mate- 
rials may be in part dependent on 
membrane specialization in the Golgi 
apparatus. 

The genetic control of specificities 
in surface carbohydrates is amply dem- 
onstrated by data on the various mate- 
rials having specific blood group char- 
acteristics (12). Such control may 
explain phylogenetic aspects of connec- 
tive tissue matrix components (32), 
the patterns of connective tissue glyco- 
proteins from monozygotic and dizy- 
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gotic twins (33), and is clearly impli- 
cated in abnormal development of 
cartilage in a chondrodystrophic mu- 
tant in mice (34). Evidence concern- 
ing the functioning of the Golgi appa- 
ratus thus implies a relationship be- 
tween the genome and its regulators, 
the Golgi apparatus, the cell surface, 
and the ultimate pattern of development 
and functioning. That many different 
carbohydrate moieties are unerringly 
synthesized in the absence of individual 
informational templates suggests a high 
degree of both specificity and organi- 
zation of the individual glycosyltrans- 
ferases. In addition to enzyme speci- 
ficity, it seems likely that the speciali- 
zation of the Golgi apparatus 
membranes (or segments of membrane) 
influences or determines the association 
with them of enzymes or enzyme 
groups. Obscure questions of "mem- 
brane flow" are also involved in in- 
stances where the final complex struc- 
turing of the chains is dependent on 
the sequential addition of particular 
sugars in the endoplasmic reticulum 
and in the Golgi apparatus. Among 
these questions are not only ones con- 
cerning specialization and transport of 
membrane but also ones having to do 
with the regulation of these activities. 

The cyclic and developmental differ- 
entiation of the Golgi apparatus when 
considered as part of a process trans- 
ferring membrane and information- 

bearing materials to the surface of the 
cell could well account for essential 

changes in surface characteristics 
which may have prime importance in 
the progressive determination of mor- 

phogenetic differentiation and in inte- 

grated aspects of multicellular func- 
tioning. 

These activities give the Golgi ap- 
paratus a major role in the anabolic 
functioning of the cell. The organelle, 
however, also plays a substantial part 
in catabolic functioning through the 
formation of membrane-bounded vesi- 
cles containing lysosomal enzymes 
(35). The membranes of these lyso- 
somal vesicles have the capacity to fuse 
either with endocytic vesicles derived 
from the plasma membrane, or in cer- 
tain cases, with the plasma membrane 
itself (14, 36). The specificity of this 
fusion may 'be related to membrane 
characteristics developed in the Golgi 
apparatus since both regions of the 

plasma membrane and the lysosomal 
vesicles have their origin in this or- 

ganelle. In the case of fusion with en- 

docytic vesicles the lysosomal enzymes 
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act in the degradation (or partial 
degradation) of surface materials 
brought back into the cell while the 
"secretion" of lysosomal enzymes re- 
sults in the degradation of intercellular 
matrix materials. 

The Golgi apparatus may thus func- 
tion in interrelated cycles of both the 
buildup and the breakdown of extra- 
cellular materials. The overall balance 
of cellular activity, the integrity of 
various cellular processes, and even the 
functional coordination between dif- 
ferent tissues may depend on sequen- 
tially or temporally controlled alterna- 
tions (or both) between parts of this 
cycle (37). In both phases of the cycle 
factors of membrane recognition and 
transformation seem to be in consider- 
able measure developed in the Golgi 
apparatus. We can thus look upon the 
Golgi apparatus as a key organelle in 
the regulation of normal development 
and functioning (38) with respect both 
to its involvement in the dynamic bal- 
ance of cellular anabolism and catabo- 
lism and to its function in the enhance- 
ment of the biological information 
content of surface-associated materials. 
It seems most likely that dysfunction 
and degeneration could involve modifi- 
cations in the activities of this organelle. 
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An analysis of the fiscal history of 
the National Institutes of Health (NIH) 
through the 1960's was undertaken in 
an attempt to explain the disproportion 
between the recent variations in NIH 
funds for biomedical research and the 
stress and perturbation currently expe- 
rienced throughout the academic com- 
munity. 

The institutes and research divisions 
of NIH (later abbreviated I/RD) obli- 
gated more funds for the support of 
research each year of the decade until 
fiscal year 1970, when obligations de- 
clined by 5 percent, and an increase in 
appropriations for the next fiscal year 
has permitted obligations in excess of 
those for 1970 by about 15 percent. 
The distress of the academic commu- 
nity, however, is due to quite tangible 
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constraints and dislocations imposed by 
three principal factors: sudden decel- 
eration of program growth; inflation, 
sometimes exceptional in the biomedi- 
cal sphere; and marked variations in 
the funding of NIH components, each 
receiving separate appropriations from 
the Congress. 

During the decade, there have been 
a number of organizational changes, 
such as the creation of new institutes 
and divisions-National Institute of 
General Medical Sciences (NIGMS), 
Division of Research Resources (DRR), 
National Institute of Child Health and 
Human Development (NICHD), Na- 
tional Institute of Environmental Health 
Sciences (NIEHS), National Eye Insti- 
tute (NEI), and Division of Regional 
Medical Programs (DRMP)--both 
newly established and as a result of 
internal reorganization; the -separation 
of components from NIH-DRMP and 
National Institute of Mental Health 
(NIMH); and the addition of new 
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components-Bureau of Health Man- 
power Education (BHME) and Na- 
tional Library of Medicine (NLM). All 
fiscal data included in this report have 
been adjusted for these changes to en- 
sure consistency and compatibility. 

Budgetary History 

The NIH budget from fiscal year 
1960 through 1970 is presented in the 
aggregate, with several subsets that !are 
of interest (Table 1). 

1) Many of the tabulated data are 
derived directly from budget activity 
schedules and are self-explanatory: reg- 
ular research grants, special program 
grants, general research support grants, 
research contracts, training grants, fel- 
lowships, and research facilities con- 
struction grants. 

2) The total of these obligations- 
extramural program (I/RD)-is a com- 
prehensive measure of current oper- 
ating support to grantee institutions 
and of long-range capital investment in 
their people (through training awards) 
and their space (through construction 
grants). 

3) Obligations for academic science 
include research, training, and facilities 
awards to academic institutions. 

4) A subset of these-awards to 
medical schools by the institutes and 
research divisions of the NIH-is avail- 
able only from fiscal year 1967 to date. 
Prior to that time, the series included 
awards to medical schools from NIH 
as well as the current components of 
the NIH. The formidable clerical task 
of stripping out the former data from 
the time series has not been completed. 
The combined NIH-NIMH data from 
fiscal 1960 to 1970 is still of consider- 
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