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SUMMARY

Normal human lung cells (WI-38) possessed 20-40 times more e-
(y-glutamyl)lysine isopeptide bonds than Simian virus transformed counter-
parts, WI-38 VA13A and WI-38 VA13-2RA, Normal cells arrested in an
essentially nonmitotic state had more isopeptide bonds than proliferating
cells, Isopeptide content paralleled the transglutaminase activity of these
cells., The results suggest that isopeptide crosslinks contribute to a
cellular architecture conducive to a nonproliferating state,

INTRODUCTION

Isopeptides of the type e-(y-glutamyl)lysine exist in a variety of
biological materials (1-3) including membrane proteins of eukaryotic cells
(4). Formation of such isopeptides is postulated to occur via enzymic
catalysis by a group of enzymes called transglutaminases (5, 6). However,

a direct correlation between isopeptide product and transglutaminase activity
is lacking in most systems (1).

Transglutaminase activity is reduced in several cell types following
viral and chemical transformation of cellg in tissue culture (7), in chemically-
induced rat hepatomas (8), and in mitogen-induced lymphoblasts and
lymphoblastic cell lines (9). Because of this difference in transglutaminase
activity and its apparent implications in the transformed state, it was of
interest to determine if the isopeptide content was correspondingly different
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in normal and transformed cells. The results reported here demonstrate
reduced levels of isopeptide following viral transformation of human lung
cells. Differences in isopeptide content were also detected between prolif-
erating and nonproliferating normal cells. This communication describes one
of the few instances where an apparent correlation is established between

transglutaminase activity and enzyme reaction product, e-(y-glutamyl)lysine.

MATERIALS AND METHODS

Human diploid embryonic lung cells, WI-38, were purchased from the
American Type Culture Collection, Rockville, MD, and passages 25 to 37
were used. SV40-transformed WI-38 VA13A and WI-38 VA13-2RA were
supplied by Dr. V. J. Cristofalo of The Wistar Institute, Philadelphia, PA
and Dr. A. J. Girardi of the East Tennessee Cancer Research Center,
Knoxville, TN.

Cell cultures were maintained in T-75 flasks (Corning Glass Works,
Corning, NY) by medium changes every 48 hr using modified McCoy's
Medium 5a (7) supplemented with 10% fetal bovine serum (Reheis Chemical
Corporation, Phoenix, AZ). Essentially nonmitotic populations of cells
were obtained by lowering the serum concentration in the medium to 0.5%
seven days after subculture (10). Under these conditions the mitotic indices
at day 3, 7, and 14 following subculture were 3.5%, 0.2%, and 0%, respec-
tively (11). Cultures were negative for mycoplasma by monthly tests (12).

e-(y-Glutamyl)lysine isopeptide was determined on total cell protein
after exhaustive enzyme digestion by pronase under sterile conditions. After
removal of medium, replicate flasks were rinsed three times with calcium-
free Earle's solution. One flask was treated with 0.1 M citric acid and
aliquots were taken for cell enumeration (13), protein quantitation (14}, and
hydrolysis for 18 hr in boiling 6 N hydrochloric acid, The acid hydrolyzate
was subsequently analyzed for amino acid composition by ion exchange
chromatography (15) to calculate total recovery. The remaining flasks were
incubated at 37" C with 5 ml of 10 mM Tris-HCl, pH 7.5, containing 1 mg
pronase (Calbiochem, La Jolla, CA). An additional 1 mg pronase was added
at 48 and 96 hr. After 168 hr of incubation, trichloroacetic acid was added
to a final concentration of 10% and the precipitate that formed was removed
by centrifugation. The liquid was processed for isopeptide by high pressure
liquid chromatography as described previously (15} with the following modi-
fications. The radioactive fractions from the HP-B80 resin column were
collected, lyophilized, dissolved in 0.1 N hydrochloric acid, and rechro-
matographed prior to analysis on a Glenco amino acid analyzer. In some
instances the rechromatographed sample was dissolved in 0.1 N hydro-
chloric acid instead of pH 2.2 sodium citrate buffer. This was done to
facilitate further analysis of portions of the sample without the need of
desalting again. The hydrochloric acid did not significantly alter the reten-
tion time or resolution of the isopeptide on the Glenco column,
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TABLE 1

ISOPEPTIDE CONTENT IN NORMAL AND TRANSFORMED HUMAN LUNG CELLS

Cell Days After Transglutaminase e-(y-Glutamyl)lysine
Subculture Activity®
(units/mg protein) (pmole/106 cells) (pmole/mg protein)

Normal

WI-38 7 8.4 £0.9 " (5)° 699 + 81 (9) 2430 + 281
Transformed

WI-38 VAL3A 7-9 0.12+0.02 (7) 19+ 4 (10) 1z 16

WI-38 VA13-2RA 8-11 0, 0.08 34, 37 81, 120

2Data taken from reference 7.
bMean + SE.

“Number in parentheses - number of preparations assayed.

RESULTS AND DISCUSSION

Table 1 illustrates that normal human lung cells possessed 20-40 times
more e-{y-glutamyl)lysine isopeptide bonds than transformed counterparts,
WI-38 VAL3A and WI-38 VAl13-2RA. The differences were evident whether
expressed on a per cell or per mg of protein basis, These differences in
isopeptide content are consistent with differences we previously reported
in transglutaminase activity (7) and in immunofluorescent staining with anti-
body to purified transglutaminase (16).

The level of isopeptide crosslinks, like the enzyme activity in the
normal cell (7), appeared to reflect the proliferative state (Table 2).
Fewest crosslinks were seen in rapidly proliferating preconfluent cultures
(day 3). As cultures reached confluency (day 7) and more of the cells
entered the nonproliferative state, the level of isopeptide increased 2- to
3-fold. The level of isopeptide was also significantly higher after the cells

were in the arrested state for 7 days (day 14). This increase was blocked
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Figure 2. Modulation of ATPase activity by 2,4-D at pH 6.0. Assays
contained 50 mM Tris and 135 uM nupercaine. Circles: without
potassium chloride; triangles: with 50 mM potassium chloride.

Endogenous phosphate release was also observed to be stimulated up to 30%
by 2,4-D over a broad range of hormone concentrations (Fig. 4). The absolute
levels of the endogenous activity were variable among different experiments.

In contrast to ATPase, phosphatidate phosphatase was inhibited by 2,4-D as
other phosphatase activities were stimulated (Fig. 5). The inhibition of
phosphatidate phosphatase ranged from 15-25% in membranes isolated and incu-
bated in the presence of nupercaine. Acid phosphatase activity in the same

membrane preparation and under the same incubation conditions was not influ-
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tide crosslinks of the cellular architecture and a nonproliferating state,
Since membrane proteins contain e-(y-glutamyl)lysine bonds (4), the cross-
linking of membrane proteins, integral or peripheral, may be a method of
membrane stabilization. Activation of erythrocyte "intrinsic'" transglutami-
nase has been shown to produce polymeric membrane proteins containing
isopeptide bonds (18-20). Attempts to localize and identify the specific
protein(s) involved in isopeptide bond formation in the human lung cell are

currently in progress.
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