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Identification of Polypeptides on Two-Dimensional Electrophoresis Gels by

Amino Acid Composition

Gerald |. Latter, Stephen Burbeck, James Fleming, and John Leavitt

We present a method that can, in principle, provide tentative
identification of a substantial proportion of the polypeptides
resolvable on a given two-dimensional electrophoresis gel.
Computerized microdensitometry of autoradiograms from 20
gels labeled in turn with each of the 20 common amino acids
provides the data for simultaneously measuring the amino
acid composition of all polypeptides of interest on the gel.
These compositions are then compared with computer data
bases of known protein compositions. Similarity between a
known and an unknown polypeptide with comparable molec-
ular mass indicates a potential identification, which can then
be confirmed with conventional techniques. We illustrate this
technique by applying it to the identification of proteins in a
transformed human cell line (HuT-14).

Additional Keyphrase: computerized microdensitometry

A substantial fraction of the polypeptides that are ex-
pressed in a given type of cell can be resolved on a single
two-dimensional (2-D) polyacrylamide electrophoresis gel
(1). But much of the information potentially available from
such gels remains undeciphered because the identity and
function of so few of these polypeptides is known. For
example, Leavitt et al. (2, 3) found 64 polypeptides that
differed markedly between the diploid human fibroblast KD
line and the transformed HuT-14 cell line. They could
identify only three of those important polypeptides. Similar-
ly, Bravo and Celis (4) found 53 human proteins sensitive to
neoplastic transformation in human epithelial and fibro-
blast cell lines; but again only three are identified. Leavitt
et al. (submitted for publication) found 49 polypeptides that
differ qualitatively between untransformed and trans-
formed NIH 3T3 cells; none have yet been identified. Only
for Escherichia coli is the situation markedly different (5).

What is needed is a general method to aid in the identifi-
cation of resolvable polypeptides. Migration properties,
abundance, morphology (the shape and degree of resolution
of the spot), and geometrical relations to nearby spots are
the clues most easily available from 2-D gels. Each of these
clues gives some information about the identity of the
polypeptide. In rare cases these may be sufficient for identi-
fication. Actin, for example, can usually be readily identified
from its appearance, abundance, and location on a gel (6, 7).
Such cases are rare because migration properties vary
according to the exact methods and materials used in
producing the 2-D gels and because no large compendium of
known polypeptides organized according to these migration
properties is currently available. But data on the amino acid
composition of peptides are widely available from a number
of sources. A growing number of computer data bases (e.g.,
Dayhoff, NEwAT, EMBL, GenBank) contain information
about amino acid sequences or about nucleotide sequences
from which amino acid sequences, hence amino acid compo-
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sitions, may often be derived. Compositions are obtainable
for unknown polypeptides in 2-D gels as well; amino acid
compositions of resolved polypeptides have been measured
by excising the polypeptide from the gel and using micro-
analytical methods (8) or by computerized microdensitome-
try of a set of gels labeled, in turn, with each of the 20 amino
acids (9).

The practical question is whether comparison of amino
acid compositions of unknown polypeptides with those of
known proteins materially aids in identification. Manabe et
al. (8) found such comparisons helpful when they used data
on the amino acid composition of serum proteins excised
from 2-D gels. Their methods provide highly accurate com-
positions but are cumbersome if one wishes to investigate a
large number of unknown polypeptides. We demonstrate in
this paper that even relatively inaccurate estimates of
amino acid composition, together with information on mo-
lecular mass, often provide sufficient information to match
polypeptides resolved on 2-D gels with the composition and
molecular mass of known polypeptides. Confirming experi-
ments show that good matches often provide correct identifi-
cation.

Materials and Methods

Overview of Computerized Measurement of Amino
Acid Composition from Two-Dimensional Gels

We use computer-assisted microdensitometry to deter-
mine the amino acid composition of 11 polypeptides in HuT-
14, a transformed human fibroblast cell line (10). The 122
polypeptides (see Figure 1) were chosen to span the range of
molecular mass (approximately 22 to 200 kDa) and pl (4 to
6.5) that our gels accommodate. The composition of two of
these is known exactly: the gamma-beta actin and the
mutant beta actin (10). An outline of the general method for
obtaining amino acid compositions by computerized micro-
densitometry is illustrated in Figures 2 and 3.

Tissue Culture and Production of Gels

The in vitro transformed cell line HuT-14 has been
described previously (10). High-density, subconfluent mono-
layer cultures in multiwell plates were incubated in 2 mL of
radiolabeling medium for 24 h. A modified Eagle’s Medium
Selectamine Kit (GIBco) was used to prepare the 20 radiola-
beling media, each containing 10 to 50 mCi of a different 4C
amino acid (excepting %S methionine) per liter, from New
England Nuclear, Boston, MA 02118. Radiolabeled cell
monolayers were rinsed three times with cold phosphate-
buffered isotonic saline, drained, and then lysed directly in
O'Farrell’s “lysis buffer A” (11). The resulting protein sam-
ples were stored at —76 °C until electrophoresis. Two repli-
cate 2-D polyacrylamide electrophoresis gels were made
from each protein sample with the 180-DALT system from
Electro-Nucleonics, Fairfield, NJ 07006. However, the sec-
ond-dimension gels were thinner (1 mm instead of 1.5 mm)
than is standard for the 180-DALT system, to diminish the
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quenching effect of the gel during exposure of the autoradio-
grams and thereby shorten the necessary exposure times.

Autoradiography and Microdensitometry

Kodak XAR-2 film was used for auto-radiography. Expo-
sure time varied from three to eight weeks, so that the actin
standard was evenly exposed for all autoradiograms. The
film was developed in a Kodak X-Omat Model 5 processor
and digitized on an Optronics P-1000 film scanner at a pixel
size of 200 um. The abundance of each polypeptide of
interest for each of the amino acids is measured by integrat-
ing the observed counts over the pixels in an area surround-
ing each spot on the gel. These areas are designated by the
investigator, using an interactive graphics system. Details
of this process are described elsewhere (9).

Calculation of Amino Acid Composition

Amino acid composition is calculated as shown in Figure
3. This calculation technique differs from that previously
presented (9) in two ways. First, we used mutant beta actin,
a single isolated protein, as the reference protein instead of
the beta-,gamma actin combination. The amino acid compo-
sitions of beta and gamma actin differ slightly, so use of
them combined required an assumption about their relative
abundance. The second difference is in the method for
combining the information from replicate gels. The previous
method was to normalize the counts for each unknown
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Fig. 1. Typical gel, showing the 122 proteins (those in boxes) whose compositions we measured
Mutant beta actin, the most acidic of the actins shown, was used as the reference protein. its composition is known exactly

polypeptide within each gel and then to average the result-
ing ratios across replicates. In the method used here, the two
replicate integrated counts for each unknown polypeptide
are summed and divided by the similarly summed counts for
the reference actin (Figure 3). By summing the counts
before taking the ratio we avoid the troublesome problem of
averaging Cauchy distributions (9). If the errors across
replicates are independent, then the errors are reduced in
proportion to the square root of the number of replicates.
Estimates of measurement error made under conditions
similar to this study have shown standard errors on the
order of 15% (unpublished observation). Thus with duplicate
gels for each amino acid, as in this experiment, we would
expect standard errors of about 10%.

The proper trade-off between reducing error and minimiz-
ing the number of gels to be analyzed depends upon the
intended use for the data on amino acid composition. A 15%
standard error can be reduced by 5% by using nine repli-
cates, which is somewhat tedious but not out of the question.
But the accuracy with which each amino acid is estimated is
not crucial for our purpose, because the proportion of resi-
dues among the 20 amino acids is more important than an
exact value for any one of them.

Search Techniques

The primary method for identifying polypeptides from the
HuT-14 cell line was to compare their compositions with the
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Fig. 2. Protocol from cell cultures to counts

Twenty cultures of the cell line under study are radiolabeled with each of the 20 different 4C- or **S-labeled amino acids. Amfz-Dpolyacrylamldegetelectrophoresisof
mmwminmmmmmmmwmmmmmmbwwmm amounts of radioactivity
incorporated in the polypeptides whose composition is desired, as well as in the reference protein

compositions found in the 1984 Dayhoff protein data base
(I12). We compared each of the 120 unknown polypeptides
with approximately 2300 compositions from the data base.
We also compared them with over 1000 compositions collect-
ed by Kirschenbaum (13). Similarity in composition be-
tween an unknown polypeptide and a known protein in one
of these data bases was taken as a potential identification if
their molecular masses were within 20% of each other. This
wide latitude for information on molecular mass was al-
lowed because of the well-known artifacts in assessing

molecular mass from migration rates in the second dimen-
sion.

One can assess the similarity of two amino acid composi-
tions by use of various statistical procedures. We found it
useful to compare polypeptides with both the correlation
coefficient and the Chi-square statistic. If one or both
suggest a possible match, we investigate further. The Chi-
square statistic is obtained by treating the unknown compo-
sition as if it were a random sample which, on average,
should match the known composition. Then a simple Chi-
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Fig. 3. lllustration of calculation of amino acid compositions by use of counts measured from autoradiograms

Counts are first summed for each protein over all replicates for each of the 20 amino acids. The ratio of counts of the unknown protein to the reference is then computed.
Muttiplying this by the mole percent of the reference yields the moles of unknown protein per mole of reference for each amino acid. Dividing the mole ratio of each amino
acid by the sum of the mole ratios for all amino acids yields the mole percents for all 20 amino acids
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square test (14) results in a dissimilarity estimate between 0
and 1. Because the count of the number of residues of each
amino acid is not really a random sample from some
population of interest, the number resulting from this test
cannot be interpreted properly as the probability that the
unknown polypeptide differs from the known. Nonetheless,
the smaller this number the better is the match between the
unknown and the known polypeptide. Most pairings give
rise to a dissimilarity value of 1; any that produce .99 or less
are worthy of further scrutiny.

The familiar Pearson r correlation coefficient is another
useful measure of similarity. It take on values between —1
and 1; the larger the correlation coefficient the better the
match. However, it is not yet clear how large » must be to
indicate a match. We arbitrarily used a lower cutoff of .70,
although no tentative match with a correlation of less than
.80 is yet supported by any independent evidence.

We also use star diagrams in this manuscript to give a
visual illustration of similarity in composition. The star
diagram represents the relative number of moles of each of
the 20 amino acids per 100 moles of peptide by the radial
lengths of the 20 points of a star (Figure 4). The star
diagrams make it clear that it is the pattern of all 20 amino
acids that allows one to identify proteins rather than the
exact lengths of each of the radii. If, for instance, each of the
20 radii of the non-muscle tropomyosin (box in Figure 4)
were randomly lengthened or shortened by 10%, the appear-
ance of the overall pattern would not be materially changed.
The choice of the angular order in which the amino acids
appear in these stars depends upon their intended use. We
have simply ordered the amino acids alphabetically (accord-
ing to the internationally recommended three-letter code),
but various more functionally grouped orderings ought to be
considered.

Results

Of the 120 unknown polypeptides, 17 hawe been tentative-
ly identified (Table 1, Figure 5). To date, same evidence has
been found to support the identification of seven of these
tentative identifications (Table 2). The sapporting evidence
- varies from co-migration experiments to comparisons with

Fig. 4. View of the region of the gel below and to the left of the
vimentin‘tubulin area in which tropomyosins have been identified by
others (17, 18

Amino acid composition data are shown in the form of star diagrams drawn on top

of the resoived proteins. Each of the 20 radii in the stars one amino
acid (as identified in the reference diagram in the lower right). The length of each
radial line is proportional to the mole percent of that amino acid. The star diagram
in the small box represents the amino acid composition of bovine nonmuscie
tropomyosin as calculated from the sequence. Visual inspection shows its
similarity to that of p29, p97, and p102, all of which are in positions similar to those
of proteins identified as tropomyosins by Matsumura et al. (17)
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Table 1. Tentative identifications of Some

Polypeptides
Sq::neo

No. M, kDs Matching protein M,kDa test r

p29 32  Non-muscle tropomyosin 32.8 .90 .90
(equine)

p36 27  Phosphatidyicholine-trans-  28.4 .85 .83
fer protein (bovine)

p37 24  Dihydrofolate reductase 24.8 .76 .74
(mouse)

p38 26  Complement C1q sub- 278 .80 .87
component B chain (hu-
man)

pé41 25  ay-Acid glycoprotein 27.2 85 .75

(p791) (orsomucoid, bovine)

pS5 60 Alpha-FI-ATPase (mito- 59.4 96 .93
chondrial)

p58 57  Antithrombin il precursor 60.9 93 .90
(human)

pés 60 Leucine aminopeptidase 60.2 73 .93
(bovine)

p73 35 Lactate dehydrogenase H 424 15 .93
chain (pig)

p76 30 Prolact)ln precursor (hu- 29.9 92 85
man

po6 24  C-reactive protein (rabbit) 24.4 87 .72

po7 32  Non-muscie tropomyosin 32.8 1.0 .80
(equine)

p102 37  Non-muscle tropomyosin 328 95 .96
(equine)

p104 52  Beta-F1-ATPase (mito- 54 .85 .94
chondrial)

p112 27  PreproEGF related (see text)

(p789)

p113 26  PreproEGF (residues 315 35 .95

(p788) 630-880, mouse)

p116 50 cAMP-dependent protein 52.1 .63 .93

kinase (type Il regula-
tory)

published gels in which polypeptides have been identified by
other methods.

Support for the identification of p55 and p104 as mito-
chondrial ATPases is based upon the fact that proteins can
be shown to have mitochondrial origins by comparing gels
from cultures treated with nonactin (a macrotetrolide anti-
biotic) with gels from untreated cultures. Nonactin inhibits
translocation of cytoplasmically synthesized mitochondrial
precursor proteins into the mitochondria where final proc-
essing normally takes place (15). The transformed HuT-14
cell line is extraordinarily sensitive to nonactin; even in
very small doses it kills the cells. So we made our compari-
son with nonactin-treated KD cells, the normal human
fibroblast from which the HuT-14 cell line was derived.
Polypeptide 55 best matched the alpha subunit of F1-
ATPase and its apparent molecular mass matched that of
alpha F1-ATPase (16). P55 also disappeared after treatment
with nonactin, which confirms its mitochondrial origin. The
location of polypeptide 55 closely matches that of a polypep-
tide that has been tentatively identified as alpha F1-ATPase
on the basis of its molecular mass, relative abundance, and
mitochondrial origin (15). Two polypeptides (numbers 19
and 104) showed amino acid compositions in good agree-
ment with that of beta-F1-ATPase. Both also have molecu-
lar masses similar to that of beta-F1-ATPase. But only
polypeptide 104 disappeared after treatment with nonactin.
Thus, in this case, amino acid composition and molecular
mass alone were not sufficient to identify the protein.
Without supporting evidence one could not choose between
the two possible candidates. Anderson (15) tentatively iden-
tifies beta-F1-ATPase in leukocytes on the basis of molecu-



Fig. 5. Tentative identifications

Al proteins numbered here have been tentatively identified except p19. Some have confirming evidence (see Table 2)

Table 2. Tentative Confirmations of Some

Polypeptides
No. Identified as Supporting evidence
p55  Alpha-F1-ATPase (mitochondrial) Disappeared after non-
actin treatment
p104 Beta-F1-ATPase (mitochondrial)  Disappeared after non-
actin treatment

p102 Non-muscle tropomyosin Matsumura et al. (17),
no. 2

p29  Non-muscle tropomyosin Matshmura etal. (17),
no. 4

p97  Non-muscle tropomyosin Matsi:mura et al. (17),

no. 5
p116 Cyclic AMP-dependent protein ki- Comigrates with bo-
nase (type Il regulatory) vine variety
P65  Leucine aminopeptidase Comigrates with bo-
vine variety

lar mass, mitochondrial origin, and relative abundance. The
location of the spot identified is near that of ours.

Support for the identification of the non-muscle tropomyo-
sins is based upon experiments by Matsumura et al. (17) in
which microfilaments were isolated by a new method. They
have published illustrations of 2-D gels in which several
non-muscle species of tropomyosin are identified. Our trans-
formed HuT-14 cells have three polypeptides (p29, p97, and
p102) that appear to match their proteins 4, 5, and 2,

respectively, and these proteins have amino acid composi-
tions very similar to that of non-muscle tropomyosin. We
observe small amounts of proline (approximately one resi-
due per molecule) in all three of these polypeptides, even
though non-muscle tropomyosins reportedly have no pro-
line. Our observation is in agreement with that of Giometti
and Anderson (18). The assumption is that the observed
proline is an artifact of amino acid reutilization: a small
amount of the labeled proline is being converted to some
other constituent of the polypeptide.

Polypeptide 41 matches rat a;-acid glycoprotein precursor
(Chi-square = .85, r = .75). Comigration shows that the
molecular mass as estimated in the second dimension is
correct, but identification by comigration is problematical
because of extensive post-translational processing, which
gives rise to extreme variation in pl (19) depending upon its
neuraminic acid content. However, neuraminic acid-free a;-
acid glycoprotein has an isoelectric point >5.0 (20), approxi-
mately what we observe (pI = 5.2).

Our tentative identification of polypeptide 116 as cyclic-
AMP-dependent protein kinase (EC 2.7.1.37) type I regula-
tory chain is supported by comigration. Samples of human
¢AMP-dependent protein kinase were not available, but
radioimmunoassay experiments (21) show that the human
varieties from breast cancer cells cross react with bovine
varieties. A comigration experiment confirmed that bovine
3'5'-cyclic-AMP-dependent protein kinase migrated to the
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position of p116 on the gel. Comigration experiments also
help support the identification of p65 as leucine aminopepti-
dase [aminopeptidase (cytosol), EC 3.4.11.1).

Intragel Comparisons

In addition to the identification of polypeptides, we exam-
ined relationships among proteins on the gel. We observed
several pairs of proteins with high correlations (Figure 6).
For proteins 7 and 8 the correlation coefficient was .99, for
proteins 1 and 3 it was .93. This degree of similarity,
together with the similar phenotypic shapes and close
positions on the gel, implies that the polypeptides are nearly
identical. They may differ only because of post-translational
processing, or they may be polymorphic variants.

Discussion
Methodological Issues

It is clear that information on amino acid composition,
together with molecular mass, facilitates identification of
unknown polypeptides on 2-D gels. It is equally clear that,
at most, such information provides a tentative identifica-
tion. With highly accurate data on amino acid composition,
a very good match between an unknown polypeptide on a
gel and a known protein of the same molecular mass might
constitute a credible identification for many noncritical
applications. Otherwise, conclusive confirming evidence or
several converging lines of supporting evidence are man-
datory before much can be made of the sort are tentative
identifications we have obtained. Moreover, the picture as
presented in Table 1 is oversimplified. Some unknown
polypeptides can be more or less plausibly matched with
several known polypeptides from the data base (Table 3).
This may be due to the unknown polypeptide having a
“common” amino acid composition or it may simply reflect
some commonality between the group of known polypep-
tides that are similar to the unknown. But whatever the
cause, it underscores the need for caution in interpreting the
tentative identifications. Better accuracy in measuring the
amino acid compositions can be expected to add to the power
of this technique by allowing tighter criteria for assuming a
tentative match and thereby cutting the number of multiple
tentative identifications. This reduces the effort necessary in
confirming the identifications. The rapid growth of data
bases will also add to the power of the technique by
increasing the number of polypeptides that can be identified
if they are present in the gel.

Fig. 6. Intra-gel relationships among proteins

(a) the proteins in the upper left corner of the gel shown in Figure 1. (b) star diagrams for the proteins shown in Figure 6a whose compositions we measured. Note the
pairs of polypeptides with nearty identical pl, molecular mass, and amino acid composition. This suggests that the proteins are nearly identical
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Table 3. Example of Multiple Tentative
Identifications for Protein p37 (M, 24 kDa)
PO r M, kDa Name
.85 .70 23.7 Protein HC—human

92 .73 24.0 Alpha-2u-globin precursor—rat
97 .69 25.1 Transform. prot. p21—Kirsten murine

sarcoma virus
.76 74 248 Dihydrofolate reductase—mouse
92 .70 248 Dihydrofolate reductase—bovine
.89 72 248 Dihydrofolate reductase—pig
.85 7 25.0 Dihydrofolate reductase—chicken

The value of data on amino acid composition in identifica-
tion is simply that one can compare 20 new pieces of
information in addition to that on molecular mass and
perhaps abundance or morphology. The new information
may converge to make a convincing identification. But are
all 20 pieces of information equally useful? A principal-
components analysis (22) of mole percentages of 2293 poly-
peptides in the Dayhoff data base shows that knowledge of
the relative abundance of some amino acids may be more
useful than others for discriminating one polypeptide from
another. The principal-components analysis extracts “fac-
tors” (in the present case, linear combinations of the 20
relative amino acid abundances) that characterize the data
(i.e., the mole percent compositions of the polypeptides) in a
useful manner. The first factor accounts for the largest
possible difference (variance) between the compositions, the
second accounts for the largest possible remaining variance
once that accounted for by factor one is removed, and so on.
Each of the resulting factors is described as a weighted sum
of the 20 amino acid abundances. Examination of these .
weights shows that Ala, Arg, Cys, Gly, Leu, Lys, Ser, and
Pro contribute disproportionately to the variance. They
have relatively large weights in the first five factors, which
together account for 55.6% of the total variance. Asn, Asp,
Gln, His, Ile, Met, and Phe are not weighted heavily in the
first five factors but are weighted heavily in the last five
factors, which together account for only 8.2% of the total
variance. Met and Phe are particularly poor in discriminat-
ing power, being weighted substantially only in the last two
factors. In contrast, Ala and Arg are particularly useful; Arg
is weighted very strongly (—.89) in the first factor and Ala
has relative large weights on all of the first five factors (.24,
—.45, .51, —.46, and .40, respectively). Thus useful matches
may be obtainable with partial data on amino acid composi-
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tions. However, those amino acids that superficially would
seem to add little to the identification in general may, in
important instances, be powerful discriminators.

To the extent that the position of a resolved polypeptide is
reproducible from experiment to experiment, the effort of
obtaining data on amino acid composition need not be
repeated. Thus, within a given laboratory in which electro-
phoresis methods are carefully controlled, amino acid com-
positions and subsequent identification of the peptides rep-
resent an investment with continuing value. As electropho-
resis methods become more standard and reproducible from
laboratory to laboratory the necessity for repeating the work
at each laboratory will diminish. Until that time, the
compositions themselves should prove valuable for compar-
ing gels run by different laboratories under different condi-
tions, and would aid in cross-comparing gels from different
cell lines or different species.

Biological Implications

Three of the polypeptides that differ in expression be-
tween KD and HuT-14 (2) appear in Table 1 (in parentheses
in the first column). These and other proteins that have
tentatively been identified in the HuT-14 cell line have
potential implications for the understanding of this trans-
formed human cell line.

The presence of two polypeptides that are strongly upre-

gulated in the transformed HuT-14 cell line suggests that
this cell line may be producing an excess of epidermal
growth factor or a related transforming growth factor. These
polypeptides (numbers 112 and 113), called p789 and p788
in previous publications (2, 3) are reliable markers for
neoplastic transformation in human fibroblasts. The compo-
gition of p113 is very similar to that of residues 630880 of
mouse prepro-Epidermal Growth Factor (EGF) (23). The
composition of p112 is very similar to that of p113, and the
two have been shown to be closely related (7). Their molecu-
lar masses are about the same as that of the 28-kDa high-
molecular-mass human EGF (24). If this identification
proves to be correct then the reliability of these markers for
transformation in human fibroblasts is consistent with the
relationship between neoplastic transformation and a varie-
ty of oncogenes and growth factors that have an intimate
relationship to EGF (25-30). An additional polypeptide,
pl116, may be related to an oncogene product. It shows a
ng similarity in composition (Chi-square .63) to bovine
clic:AMP-dependent protein kinase type II regulatory
in. The companion cAMP catalytic chain has been shown
be related to viral src gene products (31) and to stimulate
GF-dependent phosphorylation of the Epidermal Growth
'actor Receptors (32).
Two other polypeptides, one of which is upregulated in the
uT-14 line, may play immunosuppressive roles. Polypep-
ide 96 matches rabbit C-reactive protein (Chi-square = .87,
= ,72), which has been demonstrated to be immunosup-
ressive (33). Polypeptide 41 matches rat a;-acid glycopro-
in precursor (Chi-square = .85, r = .75). a;-Acid glycopro-
in concentrations are increased in the serum of acute-
hase cancer patients, and it has been shown to be immuno-
ppressive (34). Confirmation of this tentative identifica-
ion is necessary, because p41 appears to be the same as
791 (2, 3), which is upregulated by a factor of 2.5 from KD
HuT-14. But a;-acid glycoprotein is not known to be
ressed in fibroblasts. “Northern” or “Western” blot ex-
periments are needed to show that it is in fact expressed in
the HuT-14 cells.

We have also tentatively identified two polypeptides that
hre known to be targets of chemotherapeutic agents. Poly-

peptide 65 has been tentatively identified as leucine amino-
peptidase. Membrane-bound leucine aminopeptidase is the
target enzyme of bestatin, a chemotherapeutic agent and
potential immunostimulant (35). Moreover, the cell-mem-
brane-bound activity of leucine aminopeptidase is lowest in
lymphocytes, higher in tumor cells, and highest in bone-
marrow cells and macrophages (35). We have tentatively
identified polypeptide 37 as tetrahydrofolate dehydrogenase
(EC 1.5.1.3; dihydrofolate reductase), an enzyme that is the
target for chemotherapeutic agents such as methotrexate,
trimethoprim, and pyrimethamine (36).

Conclusive confirmation of the above tentative identifica-
tions will be useful in understanding the transformed state
of the HuT-14 cell line. A careful quantitative study of the
expression of these proteins in the diploid KD line vs the
transformed HuT-14 line may also provide important re-
sults. The picture that is beginning to emerge from these
studies, albeit a tentative one, is that in one transformed
cell line there is a cytoskeletal protein (the mutant g-actin),
an upregulated EGF-related growth factor, and an upregu-
lated immunosuppressant factor (a;-acid glycoprotein). This
pattern seems to be too well coordinated to be merely a
chance combination of unrelated events. It is tempting to
suppose that some underlying factor has induced a coordi-
nated “programmed” set of changes.
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collected from the publications of Kirschenbaum were kindly pro-
vided by Alex Reisner. This work was supported in part by the
Koret Foundation and the Japan Shipbuilding Industry Founda-
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