
suiting in well-defined aggregations of 
species into clearly bounded and readily 
pigeonholed units as objective natural 
entities. Much recent evidence points 
toward the concept of communities as 
an ordered pattern of species, individu- 
ally distributed in space and time and 
most effectively considered in terms of 
orders and gradients. 
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For a great variety of cells of animal, 
plant, and microbial origin, the vitamin, 
folic acid, serves as a growth factor by 
controlling the metabolism of the one- 
carbon (C1) compounds, formate and 
formaldehyde. These C1 compounds 
serve as building blocks in the biosyn- 
thesis of purines, certain pyrimidines, 
and certain amino acids. An increased 

capacity to incorporate formate into 
cellular nucleic acids (1), and also an 
elevated level of folic acid (2) and its 
coenzyme forms (3), has been found to 
characterize at least one type of abnor- 
mal growth, namely that of the leukemic 
white cell. 

A description of C1 metabolism is pro- 
vided by the following generalized equa- 
tions for the mobilization of X, the 
formaldehyde or formate group, 

D-X+ C C-X+D (la) 

C-X+A A-X X+ C (lb) 
In these equations, C is the folic acid 
coenzyme, D is a donor molecule con- 
taining a potential C1 unit (serine, pu- 
rine, histidine, and so on), and A is 

For a great variety of cells of animal, 
plant, and microbial origin, the vitamin, 
folic acid, serves as a growth factor by 
controlling the metabolism of the one- 
carbon (C1) compounds, formate and 
formaldehyde. These C1 compounds 
serve as building blocks in the biosyn- 
thesis of purines, certain pyrimidines, 
and certain amino acids. An increased 

capacity to incorporate formate into 
cellular nucleic acids (1), and also an 
elevated level of folic acid (2) and its 
coenzyme forms (3), has been found to 
characterize at least one type of abnor- 
mal growth, namely that of the leukemic 
white cell. 

A description of C1 metabolism is pro- 
vided by the following generalized equa- 
tions for the mobilization of X, the 
formaldehyde or formate group, 

D-X+ C C-X+D (la) 

C-X+A A-X X+ C (lb) 
In these equations, C is the folic acid 
coenzyme, D is a donor molecule con- 
taining a potential C1 unit (serine, pu- 
rine, histidine, and so on), and A is 

an acceptor molecule (glycine, carboxa- 
mide ribotide, and so on). When the 
C1 unit is bound to the folic acid coen- 
zyme (C-X), the complex may be con- 
sidered as "active formate" or "active 
formaldehyde," respectively; the latter 
complex is more frequently referred to 
as "active hydroxymethyl." The analogy 
between these complexes and the well- 
known "active acetate" (acetyl coenzyme 
A) is apparent. 

Although the early recognition of vari- 
ous metabolites as donors and acceptors 
of formyl and hydroxymethyl units was 
achieved by tracer and nutritional stud- 
ies (4, 5), recent work has been directed 
toward studies with isolated enzyme sys- 
tems, which permit a greater degree of 
understanding of reaction mechanisms. 
Study of the detailed mechanisms of the 
various reactions, represented by Eqs. la 
and lb, has been hampered by the mul- 
tiplicity of the C1 fragments (formyl, 
hydroxymethyl, and in some instances, 
methyl) and by uncertainty concerning 
the chemical structure of the intermedi- 
ates, C-X, since, as is discussed in sub- 
sequent paragraphs, folic acid has sev- 
eral potential sites of attachment for a 
C1 group. 

In this article (6) we shall attempt to 
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summarize the current information re- 

garding the nature of "active formyl" 
and "active hydroxymethyl" complexes 
and to survey the various metabolic re- 
actions in which these compounds par- 
ticipate (7). 

Reactions Involving "Active 

Formaldehyde" 
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and "active hydroxymethyl" complexes 
and to survey the various metabolic re- 
actions in which these compounds par- 
ticipate (7). 

Reactions Involving "Active 

Formaldehyde" 

Serine hydroxymethylase. Numerous 

investigators (summarized in reference 

8) have studied the enzymatic intercon- 
version of serine and glycine. In early 
work (9), in which tissue slices or intact 
animals were used, sensitive tracer tech- 

niques were required to detect the small 
conversions. More recently, larger con- 
versions have been achieved by use of 

purified enzymes from avian and mam- 
malian livers (8; 10-13). 

The over-all reaction (Eq. 2) for the 
biosynthesis of serine from glycine and 
HCHO 

HCHO + glycine ? serine (2) 

is actually the sum of two separate re- 
actions 

HCHO + FH4, hFH4 (2a) 
hFH4 + glycine s serine + FH4 (2b) 

where FH4 is the abbreviation (14) for 
5,6,7,8-tetrahydrofolic acid (I) 

H 

N N H COO 
H2N 

0tN - (CH2)2 
0o / -\ ,i 

N . 5 CH2-N , -C-NH-CH 
N I \ / 

H i H COOH 

I 

the coenzyme form of folic acid, and 
hFH4 symbolizes hydroxymethyl FH 4, 
without specifying the position of the 
C,( group on the folic acid coenzyme. 
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Reactions 2a and 2b are catalyzed by 
the formaldehyde-activating enzyme and 
serine hydroxymethylase [or serine aldo- 
lase (11)], respectively. 

In the over-all reaction (Eq. 2) a re- 
quirement for pyridoxal phosphate has 
been observed in all systems studied (8; 
10-13; 16); an additional requirement 
for Mn++ has been demonstrated only 
with a bacterial enzyme (15). The site 
of action of both cofactors is undoubt- 
edly in reaction 2b, as would be antici- 
pated from the chemical studies of Snell 
and his co-workers (16). 

Formaldehyde-activating enzyme. Since 
spectroscopic evidence indicates that 
HCHO and FH4 interact rapidly in the 
absence of any enzyme to form one or 
more complexes, it was not immediately 
clear whether reaction 2a was enzyme- 
catalyzed or not. However, during puri- 
fication of the enzyme system that cata- 
lyzes reaction 2, it was found that the 
enzymes for reactions 2a and 2b could 
be partially separated (13). The for- 
maldehyde-activating enzyme can be as- 

sayed in the following manner. When 
FH4 (miax. at 300 mg,, - 22 x 106 
cm2/mole) is mixed with a slight excess 
of HCHO at pH 7, no reaction occurs. 
When the purified activating enzyme 
is added, the spectral peak shifts to 
294 mi, and E increases to 26x 106 
cm2/mole. This shift is due to the for- 
mation of hFH4 according to Eq. 2a. 
When hFH4 is synthesized enzymatically, 
it is a reasonably stable substance and 
can be separated from unreacted FH4 
by column chromatography or by paper 
chromatography (17). 

The authenticity of hFH4 is estab- 
lished by the following enzymatic assays. 
(i) In the presence of serine hydroxy- 
methylase and glycine, hFH4 disappears 
and FH4 reappears (see reactions 2b). 
(ii) In the presence of the hFH4 dehy- 
drogenase (see below) and TPN, hFH4 
is oxidized to formyl FH4, and an equiv- 
alent amount of TPNH is formed. Non- 

enzymatically, hFH4 may be converted 
to FH4 by the addition of hydroxylamine 
in acid; in a basic medium the material 
is stable to H2NOH. 

Structure of "active formaldehyde." 
Formaldehyde is known to react with 
-NH2 or -SH groups, forming equi- 
librium adducts of the type represented 
by II. 

N 
I 

CH2OH 

II 
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When a second ligand is possible with 
the bound HCHO, as in III, 

N 

/N - CHz 

III 

much more stable complexes are formed, 
especially if both ligands are on the 
same molecule. An example of this is the 
reaction of HCHO with cysteine to 
form the stable heterocycle, thiazolidine 
carboxylic acid. An important clue to 
the structure of hFH4, was provided by 
Blakley (18), who prepared the HCHO 
adduct (IV) of N,N-diphenyl ethylene- 
diamine: 

/ \-N-CH?-CH2-N / 

OH2 

IV 

Structure IV is quite stable, and, like 
thiazolidine carboxylic acid, it does not 
release its bound HCHO to aldehyde- 
binding agents such as chromotropic acid 
and acetyl acetone. Although hFH4 in 
acid behaves like a type II adduct in re- 
leasing HCHO, its stability in base 
strongly suggests a type III structure, 
very probably h5-1?FH4 (19). Con- 
firmatory evidence for this proposed 
structure comes from a study of the sub- 
strate specificity of the hFH4 dehydro- 
genase, as described below. 

While HCHO and FH4 react rapidly 
in the absence of enzyme to form a prod- 
uct which is active in systems requiring 
hFH4, the reaction is not confined to a 
single product as in the enzymatic syn- 
thesis. Various spectroscopic complexes, 
whose kmax. range between 290 and 300 
m[t, are formed when increasing amounts 
of HCHO are added to FH4. This result 
is not unexpected, for FH4 contains sev- 
eral potential sites, namely, the N3, N5, 
N8, and N10 positions, for binding 
HCHO. 

Reactions Involving "Active Formate" 

Hydroxymethyl tetrahydrofolic acid 
(hFH4) dehydrogenase. The metabolic 
equivalence of formyl and hydroxymethyl 
donors in early tracer studies of C1 reac- 
tions (that is, the labeling of the C-2 po- 
sition of the purine ring both by formate 
and by the P-carbon atom of serine) pre- 

supposed the existence of a system for 
the interconversion of the two oxidation 
states. A TPN-linked dehydrogenase, car- 
rying out this interconversion, was first 
described by Jaenicke (20) and by 
Greenberg et al. (21) and was later ob- 
tained in purified form in our laboratory 
(22). The over-all reaction is shown in 
Eq. 3. 

hFH4 + TPN+ = fFH, + TPNH + H+. (3) 

For the moment, the precise nature of 
hFH4 and fFH4 is not specified. Reaction 
3 is best studied in conjunction with re- 
actions 2b or 2a, serine or HCHO being 
used to generate hFH4. When crude de- 
hydrogenase preparations are used, the 
accumulated reaction product, fFH4, is 
the N10-isomer, f10FH4. However, when 
dehydrogenase preparations are freed 
from the enzyme, cyclohydrolase (23), 
which carries out reaction 4, 

(f-10FH) + + H20 = fE?FH4 + H+ (4) 

the end product of reaction 3 is f5-1?FH4. 
With purified dehydrogenase prepara- 
tions, f5-0IFH, but not fOFH4 or 
f5FH4, serves as a substrate for reaction 
3 in reverse. Similarly, f5-IOFH4 (but not 
fSFH4 or fl?FH4) can be reduced quan- 
titatively with borohydride, and the prod- 
uct is identical to authentic hFH4 as 
measured by absorption spectrum and 
enzymatic assays. The experiments cited 
above provide support for the hypothesis 
that both hFH4 and fFH4 in reaction 3 
are the N5, N10-bridge compounds. 
Greenberg and Jaenicke (7) and Kisliuk 
(24) have also suggested that hFH4 is 
h5-1OFH4. 

The equilibrium constant for reaction 
3 is near unity at pH 8.0 (the pH opti- 
mum for the enzyme), and the extent of 
the reaction is dependent, of course, 
upon H+. This can be demonstrated by 
starting with f1OFH4 (in the presence of 
cyclohydrolase) and following the disap- 
pearance of TPNH spectrophotometri- 
cally at 340 m.i. After the equilibrium 
position has been established, the reac- 
tion may be driven further to the left, 
as evidenced by further disappearance 
of TPNH, by the addition of H+, or by 
the addition of glycine (to "trap" hFH4 
via reaction 2b). 

In addition to facilitating the inter- 
conversion of C1 units at the levels of 
formyl and hydroxymethyl, the dehydro- 
genase can be used as a spectroscopic 
"marker" for following a variety of re- 
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actions (see Fig. 1) that involve hFH, 
or fFH4. Furthermore, the equilibrium 
of the dehydrogenase itself (and, of 

course, any coupled system involving the 
dehydrogenase) can be manipulated in 
either direction-for example, by trap- 
ping TPNH via the glutathione reductase 
system or by trapping TPN with glucose- 
6-phosphate dehydrogenase. 

N10-formyl tetrahydrofolic acid 
(flOFII4) deacylase. Studies with the de- 
hydrogenase in beef and pigeon liver 
preparations led to the discovery of a 
deacylase (25) specific for f1?FH4: 

fFH4+ H20 -> HCOOH + FH4 (5) 

This enzyme is present in beef liver 
preparations but absent from pigeon liver 
preparations. When the dehydrogenase 
was studied with the latter tissue, the 
amounts of TPNH and flOFH4 formed 
during the reaction were equal. With the 
former tissue, the amount of accumu- 
lated flOFH4 was much less than the 
TPNH because of the concomitant ac- 
tion of the deacylase. The deacylase has 
been partially purified from beef liver 
preparations; it can be added to pigeon 
liver dehydrogenase to produce the beef 
liver pattern (that is, TPNH > flOFH4). 
A more simplified assay for the deacylase 
consists of incubating f1?FH4 (absorp- 
tion maximum at 258 mg) directly with 
the enzyme and measuring the increase 
in optical density at 300 mt as FH4 is 
produced. Since small quantities of for- 
mate are difficult to estimate, the stoichi- 
ometry of reaction 5 has been studied 
with respect to FH4. 5,6,7,8-Tetrahydro- 
folic acid (FH4) has been identified by 
its activity with the formate-activating 
enzyme (see below) and by its activity 
in the coupled hydroxymethylase-dehy- 
drogenase system: 

Serine + FH4 + TPN+ 

glycine + f?FH4 + TPNH + H+ (6) 

The deacylase for fl?FH4 probably 
serves to regenerate FH4 in the absence 
of actively functioning acceptors for "ac- 
tive formyl," much as the deacylase for 
acetyl coenzyme A provides a means for 
regenerating coenzyme A in the absence 
of acceptors for "active acetate." 

Formate-activating enzyme. Since free 
formate has long been known to enter 
metabolic systems involving "active for- 
myl" and "active hydroxymethyl" groups, 
it was anticipated that there would be 
a formate-activating enzyme. Formate 
activation was first reported (21, 26) in 
connection with studies of the biosynthe- 
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purine 

histidine I 

fi5FH4. 

N-formyl glutamate --- f5FH4 ATP> 

ATP, HCOOH 

f'OFH4 20 

TPN 
F- FH2- 

TPNH HCHO 

-1O F --- h-uracil deoxyriboside serine ---- glycine + h5-IOFH4 
----- h-homocysteine. 

I [HI] B12 (?) [H] 

sarcosine methioninie thymidine 

Fig. 1. Metabolic interrelationships of active C1 units. 

sis of purines, and the following stoichi- 

ometry was proposed: 

Mg++ 
HCOOH + ATP + FH4 ----> 

f?FH4+ADP+ Pi (7) 

The formation of ADP and Pi as end 
products makes this reaction similar to 
the activation of glutamate or succinate. 
In contrast, the activation of other car- 
boxylic acids, such as acetate or butyrate, 
produces AMP and PP as end products. 
Using a highly purified activating enzyme 
from Micrococcus aerogenes, we have 
shown (27) that the sequence in reaction 
7 is 

ATP + FH4 -- ADP + pFH4 (7a) 
pFH4+ HCOOH f1?FH4 + Pi (7b) 

The mechanism thus resembles that 
proposed for the formation of succinyl- 
CoA, where S-phosphoryl CoA is the 
analogous intermediate (28). Spectro- 
scopic evidence has been adduced for re- 
action 7a; when enzyme and ATP are 
added to FH4, the peak at 300 m~ shifts 
to shorter wavelengths, and E decreases 
about 15 percent. "pFH4," labeled with 
p32, has also been isolated from reaction 
mixtures by use of ATP32. Reaction 7a 
is also followed conveniently by measur- 
ing the liberated ADP with the coupled 
system employing pyruvic kinase and 
lactic dehydrogenase: 

ADP + phospho-enol pyruvate = 
ATP + pyruvate (8) 

Pyruvate + DPNH + H+ 
lactate +DPN+ (9) 

The observed reaction product in Eq. 7 
is floFH4. Since the purified bacterial 
enzyme contains no cyclohydrolase, it 

seems probable that f5-~lFH4 is not an 
intermediate in this reaction. Conse- 
quently, it would seem most likely that 
the intermediate in reactions 7a and 7b, 
pFH4, is N10-phosphoryl FH4 (pl?FH4 
in our symbols), but the verification of 
this assumption must await the unam- 

biguous chemical synthesis of this com- 

pound. 
N5-formyl tetrahydrofolic acid (f5FH4) 

isomerase. In all of the studies men- 
tioned above, fl1FH4 or f5-1?FH4 has 
been involved as the "active formyl" 
group. The question may be raised, 
therefore, about the relationship of the 
classical formyl isomer, f5FH4 (folinic 
acid), to "active formate." Except for 
the formylation of glutamate (29), 
where f5FH4, rather than fl?FH4 or 
f5s-'FH4, is the formyl donor, folinic 
acid is curiously inert metabolically. 
There is, however, an enzyme system 
(30) present in many tissues which brings 
about the apparently unidirectional iso- 
merization of f5FH4 to fl?FH4 via the 

following reaction: 

Mg++ 
fFH4 + ATP --- 

f?FH4+ADP+Pi (10) 

Recent studies by Peters and Greenberg 
(31) have suggested that AMP and PP, 
rather than ADP and Pi, are the reaction 
products. It has been established (31, 32) 
that reaction 10 in certain tissues may be 
separated into two separate steps: 

f5FH4 + ATP -> 

f5-?FH4+ADP+Pi (lOa) 

(or AMP + PP) 

and 

f5-?FH4 + H20 -- f?FH4 (lOb) 
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Reaction 10b is catalyzed by cyclohy- 
drolase, while the enzyme responsible 
for reaction lOa may be termed cyclode- 
hydrase, by analogy to the cyclodeamin- 
ase reaction studied by Rabinowitz and 
Pricer (23): 

fi5FH4 -> fS1-FH4 + NH3 (11) 

Biosynthesis and breakdown of purine 
and histidine. The laboratories of Bu- 
chanan (33), and G. R. Greenberg (26) 
have shown that both the 2- and 8-carbon 
atoms of the purine ring arise by the 
action of a specific transformylase with 
fl?FH4 (or f5-'lFH4) as the formyl 
donor. 

o o 

FH4 + -HN N. +FH4 (12) 
H2N I N I 

R-5-P R-5-P 

In contrast, the breakdown of purines, at 
least in certain bacterial systems, is much 
more complicated. Cleavage of xanthine 
gives rise to CO2 from the C-2 position, 
but the C-8 carbon emerges as the form- 
imino group, H-C-NH, of form- 
iminoglycine (FIG) (23, 34): 

OH 
NH 

/H ---H 

-. -N HOOC HN 
HO N I 

H (FIG) 

(13) 

Formiminoglycine is then decomposed 
according to the sequence: 

FIG + FH4 - fi5FH4 + glycine (14) 

followed by reactions 11 and 10b. Simi- 
larly, in mammalian liver (35), histidine 
is degraded to the analogous intermedi- 
ate, formiminoglutamic acid (FIGlu), 
which, in turn, is metabolized by a 
series of reactions analogous to 14, 11, 
and 10b. The pathway of histidine bio- 
synthesis has not yet been elucidated 
fully, although the involvement of a 
formyl or formimino group has been 
demonstrated. 

Formate exchange into pyruvate. Re- 
cent reports (36) indicate that the ex- 
change of HC14OOH into pyruvate by 
crude extracts of Escherichia coli is stim- 
ulated by the addition of FH4. Similar 
results have been obtained with extracts 
of Micrococcus aerogenes and Micro- 
coccus lactilyticus (37). However, the 
identity of the C1 complex participating 
in the exchange reaction is not known, 
and the mechanism of the reaction has 
not been established. In the anaerobic 
micrococci the exchange reaction does 
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not occur via serine as an intermediate- 
that is, by synthesis of serine from for- 
mate and endogenous glycine followed by 
deamination to pyruvate. 

Structure of "active formate." Because 
of its early recognition, folinic acid 
(f5FH4) was assumed to be the "active 
formate" in C1 metabolism. Subsequent 
work with purified enzyme systems, how- 
ever, has revealed that f5FH4 functions 
only in the formylation of glutamate 
(29) and in the isomerase reaction (Eq. 
10). As shown in Fig. 1, f5-1?FH4 or 
flOFH4 is the formylating agent in all 
other reactions. 

Interconversion of Formyl 
and Hydroxymethyl Groups with 

Methyl Groups 

Although the details of the enzymatic 
pathways concerned with thymine and 
methionine synthesis are not fully known, 
the methyl groups of these compounds 
have been shown to be interconvertible 
with formyl and hydroxymethyl groups 
(5). It seems probable also that the 
transfer of the C, group occurs at the 
hydroxymethyl level rather than at the 
formyl level (38). In thymidine synthe- 
sis, uracil deoxyriboside (39) [or ribotide 
(40)], rather than free uracil, has been 
implicated as the CL acceptor. In methio- 
nine synthesis, homocysteine serves as 
the acceptor. The above reactions may be 
generalized in the following sequence, 
where A represents either uracil deoxy- 
riboside or homocysteine, h-A the cor- 
responding hydroxymethyl derivatives, 
and m-A the methyl derivatives: 

hFH4 + A - h-A + FH4 (15a) 

(2H) 
h-A m-A (15b) 

Both thymidine (39, 40) and methionine 
(41) syntheses have been studied in crude 
extracts, and it has been shown that the 
required components are (i) the acceptor 
(uracil deoxyriboside or homocysteine); 
(ii) a hydroxymethyl source and FH4; 
(iii) a reducing source, usually DPN, al- 
though this may not be the actual [2H] 
shown in reaction 15b; and (iv) ATP, 
perhaps to promote the condensation in 
reaction 15a. 

Reaction 15b is of great interest when 
uracil deoxyriboside is the acceptor be- 
cause it seems most probable that the 
over-all requirement for vitamin B12 in 
thymine synthesis can be narrowed down 
to this step. The possibilities that the 
porphyrin-bound cobalt of vitamin B12 

passes through an oxidoreduction cycle 
during reaction 15b deserve investiga- 
tion. 

The sarcosine-to-serine conversion (42) 
is also of interest, for it represents the 
hydroxymethyl -> methyl sequence in re- 
verse and is carried out intramolecularly: 

CH COOH CH, COOH CH, -CH-COOH 

HN- CH3 LHN - CH2H OH NH2 

(16) 

This reaction has been demonstrated in 
intact mitochondria (42) or digitonin 
extracts of mitochondria (43), but the 
cofactor requirements or intermediates 
are presently unknown. 

Biosynthesis of 
Folic Acid Coenzymes 

The above reactions emphasize the 
role of reduced folic acid (FH4) as the 
coenzyme, or carrier, of the C1 groups. 
The formation of FH4 from the vitamin, 
folic acid, has been the subject of recent 
investigations. Wright et al. (44) have 
shown in a bacterial system that folic 
acid is reduced to dihydrofolic acid dur-- 
ing operation of the pyruvic oxidase. In 
chicken liver extracts both steps in the 
reduction of folic to tetrahydrofolic acid 
require TPNH (45, 46). 

In our laboratory (47), a TPN-linked, 
dihydrofolic reductase has been purified 
from avian liver and shown to catalyze 
the final step in FH4 biosynthesis: 

FH2 + TPNH + H+ -> FH4 + TPN+ (17) 

The equilibrium at pH 7 for reaction 
17 lies far to the right. At extremely low 
concentrations (about 10-7M), the folic 
acid antagonists, aminopterin and ameth- 
opterin, are extremely potent competi- 
tive inhibitors of FH2 in the reaction 
(48). 

Summary 

The above reactions involving "active 
formyl" and "active hydroxymethyl" 
groups, their interconversion, their con- 
nections with free HCOOH and HCHO, 
and their interdigitation with methyl 
groups are diagrammed in Fig. 1. 
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Mankind's curiosity in exploring the 
unknown and his ability to use the ac- 
cumulated experience and knowledge of 
the race have resulted in his creation of 
nine astronomical bodies in the course 
of the past seven months. Five artificial 
satellites have been put into orbit about 
the earth, and three of these involved 
additional pieces of equipment that have 
constituted independent satellites. The 
fact that the life-times of these various 
artificial satellites are relatively short 

compared to the life-times of natural 
satellites does not detract from their 
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intellectual and technological achieve- 
ment that they represent. All satellites, 
whether natural or artificial, are tem- 

porary in nature, if one chooses a suffi- 

ciently long time scale. Man-made satel- 
lites have now become so numerous that 
the people most intimately connected 
with the programs are beginning to have 

difficulty in segregating and recalling the 
individual characteristics of each one. 
Hence, for the convenience of both the 
writer and the reader, G. F. Schilling 
has kindly prepared Table 1, listing the 
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major basic information concerning the 
identification, nature, initial orbit, and 
survival characteristics of these various 
satellites. Identification is by year, in the 
order of launching according to the 
Greek alphabet. When more than one 
component of a launching is optically 
detectable, the components are identi- 
fied by Arabic numerals following the 
Greek letter, in order of decreasing op- 
tical brightness. Other entries of Table 1 
are self-explanatory or are described in 
the legend. 

The orbital elements of artificial satel- 
lites are subject to fairly rapid and ma- 
jor changes arising from the earth's devi- 
ation from sphericity and from the effect 
of atmospheric drag. The major effect 
of the earth's equatorial bulge is to pro- 
duce a regression of the orbital nodes- 
the intersection of the equatorial and 
orbital planes-in a westerly direction 
for eastward-moving satellites such as 
now are aloft. The rate depends upon 
the orbital inclination and physical di- 
mensions. The direction from the center 
of the earth to minimum distance (peri- 
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