
785 

In vitro Incorporation of C14 Glycine and S3.5 Sulfate into Protein by Human 
Colon MUCOS~.” (20245) 
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(Introduced by E. S. West.) 

From the Departments of Biochemistry and Medicine, University of Oregon Medical School, 
Portland. 

The incorporation of radioactive amino 
acids into protein and smaller peptides by 
in vitro technics has been reported from many 
laboratories, including our own ( 1-7). The 
bulk of the reports deals with liver tissues 
either sliced or fractionated into a variety of 
cell free systems. Winnick et al. (8) reported 
the incorporation of labeled glycine into pro- 
tein of intestinal mucosa. The present report 
presents data concerned with the incorporation 
of radioactive glycine into the mucosa of re- 
sected human colon, into the insoluble protein 
and into a soluble fraction which has charac- 
teristics of a mucoprotein. 

Materials and ,methods. Colon specimens 
were obtained from resections performed by 
the Surgical Service of Multnomah County 
Hospital. Pieces of normal bowel were used. 
The technic for handling the tissue after wash- 
ing in 8-10 aliquots of buffer was the same as 
reported with liver biopsies(6) except that it 
was found necessary to dissect “strips’’ of mu- 
cosa from the colon tissue, since slicing was 
difficult. The “strips” were cut into small 
segments approximately 0.5 to 1 .O cm square, 
pooled, and then used for the incubation. 
G1y~ine-l-C~~ (0.33 pc)t and 2 cc of a modi- 
fied Krebs-Henseleit buffer$ were added to 
150-200 mg of wet weight of colon mucosa in 
each flask, which was then filled with 95% 
02-5 % COa. The subsequent incubation, pre- 
cipitation with boiling 1 M acetate, and isola- 
tion of protein for counting were the same as 
previously reported (6) , In some experiments 
tissue was incubated with S35 labeled inor- 

*This investigation was supposted by research 
grants from the National Cancer Institute of the Na- 
tional Institutes of Healtb, Public Health Service, 
and the Oregon Division of the American Cancer 
Society. 

t Glycine-l~C14, 0.5 mc~dl imole ,  purchased from 
Tracerlab, B~ston, Mass. 

$ Composition previously described(6). 

-- 

ganic sulfate instead of glycine. In earlier 
experiments loo0 units of penicillin were 
added to each flask, and later aureomycin, 
2 0  y in 0.1 cc water, was substituted. The 
aureomycin solution was freshly made for each 
experiment. A mucoprotein fraction was ob- 
tained by a modification of the technic de- 
scribed by Glass and Boyd (9). Colon mucosa 
was homogenized, the protein precipitated 
with boiling 1 M acetate (pH 4.5), and 1.5 
volumes of acetone were added to the super- 
natant. This solution was allowed to stand 
overnight a t  room temperature. The amor- 
phous precipitate, after washing and drying 
with acetone, resembled a gastric mucoprotein 
described by Glass, contained 11.5% nitrogen 
and 0.95% sulfur by analysis, and gave a posi- 
tive reaction to the uronic acid test described 
by Siplet, Komarov, and Shay( 10). The 1 M 
acetate supernatants from incubated samples 
were dialyzed overnight against running tap 
water to remove unincorporated labeled gly- 
cine or sulfate. The mucoprotein was then 
precipitated with 1.5 volumes of acetone and 
prepared for counting. Tissue and labeled 
substrate were precipitated at  zero time in 
each experiment as controls. Duplicate Sam- 
ples were run for each set of experimentd 
conditions and the values were expressed as 
the means of duplicate pairs. Mucoprotein, 
however, was precipitated from the super- 
natants of duplicate pairs which had been 
pooled in order to obtain adequate amounts for 
handling. For the reprecipitation experi- 
ments, the dry protein was dissolved in 0.5 N 
sodium hydroxide to which 10- 15 mg urea had 
been added. Protein was reprecipitated with 
10% trichloracetic acid. 

Results. Table I presents the effects of 
penicillin and aureomycin on incorporation. 
There was a consistent depression in the pres- 
ence of penicillin and a more variable result 
with aureomycin. In  order to evaluate the role 
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TABLE I. Effect of Penicillin and Aureomycin on 
Wadicfactive Giycine Uptake by Colon Mucosa. 

,- Specific actiri$tp counts/min./mg --, 

~~enieil l in,  penicillin or With nureo- 
Patirat 10011 u :turronipcin inycin. 200 y 

TVi t h Without 

of bacteria more definitively: slices of colon 
mucosa were compared to the same weights of 
tissue homogenized with the Potter glass 
homogenizer. This technic is known to de- 
stroy whole cells, and it is extremely unlikely 
that bacteria were destroyed. The homo- 
genate was allowed to remain in the refrig- 
erator overnight to insure destruction of the 
enzymes of the mucosa cells. The homogenate 
was incubated for 4 hours under experimental 
conditions and samples were then cultured in 
broth by the serial dilution technic. Table I1 
demonstrates that incorporation into the 
niucosa was practically abolished by homo- 
genizing. On the other hand bacteria were 
present in significant amounts, and a bacterio- 
static effect of aureomycin was demonstrated. 

In Table 111 are presented data which show 
no consistent effect as a result of omitting 
magnesium and calcium from the buffer. This 
is in contrast to the results previously obtained 
with liver slices(6). In  the absence of citrate 
(patients K and B) the specific activities, al- 
though apparently higher, are probably of the 
same order of magnitude as with the complete 
buffer. Marked inhibition was observed in 
the presence of .OOj 31 cyanide and in a nitro- 
gen atmosphere. There was no apparent cor- 
relation between the colon site and the level 
of incorporation. 

Data with respect to the incorporation of 
labeled glycine and labeled sulfate into both 
total protein and mucoprotein are presented 
in Table 11:. Since the amount of S35 sulfate 
added varied, the specific activities cannot be 
compared with one another. In patients 31 
and J the incorporation of labeled sulfate into 
the mucoprotein was obviously greater than 
in total protein. In contrast the incorporation 

of labeled glycine into the total protein was 
greater than into the mucoprotein in pa,tients 
M, L and J. Solution of the colon mucosa 
protein in alkaline urea and reprecipitation 
with trichloracetic acid failed to remove any 
radioactivity when the labeling agent had been 
C14 glycine, whereas the sulfate label was en- 
tirely removed by the same procedure (Table 
Y). 

The figures presented are average values for 
duplicate pairs of observations for each set of 
experimental conditions except as noted. The 
variation of each observation from the mean 
of its pair of duplicates was less than 15% in 
32 and less than 25% in 46 out of 58 pairs. 

Discussion. There is considerable evidence 
indicating that the incorporation of amino 
acids into protein is an enzymatic process fun- 
damentally requiring oxidative phosphoryla- 
tion( 11,12). The data presented do sup- 
port the hypothesis that the incorporation of 
radioactive glycine into colon protein is prob- 
ably enzymatic, especially since homogenizing 
the tissue abolished incorporation, and since 
both a nitrogen atmosphere and small concen- 
trations of cyanide produced marked inhibi- 
tion. The evidence rules out bacteria as be- 
ing responsible for the incorporation. The 
percentage of labeled glycine incorporated is 
many times greater than the low levels of in- 
corporation obtained by Brunish and Luck 
with their histone system( 13). If the incor- 
poration observed in our experiments were due 
to some artefact or adsorption rather than to 
a true enz-ymatic process, one would expect 
much higher levels of incorporation in the 
homogenized tissue (Table 11) than in tissue 
with intact cells. Furthermore, solution with 
alkaline urea and reprecipitation with trichlor- 
acetic acid or treatment with mercaptoethanol 
has been shown to remove some radioactivity 
from labeled protein obtained from particulate 
systems and not from systems with intact cells. 
We were unable to alter the specific activity 
of our C1* glycine labeled protein by such 
treatment. 

The marked variation in specific activities 
obtained from patient to patient cannot be 
readily explained. The same variation has 
been noted with liver tissue. The lack of sen- 
sitivity of the system to the presence or ab- 
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TABLE 11. Radioactiye Glycine Uptake and Bacterial Growth in Colon Mucosa Homogenate. 

Highefit dilution showing 
r = S p e c i f i c  growth 

Slices J------Homogenate-, 7 \ 

with With W~lthout With Without 
Patient aureomycin aureomycin aureomycin aureomycin aureomyeiii 

S. 279 3 3. 10 108 
R. 444 3 12. 105 10' 

TABLE 111. 

f specific activity - 
Complete N o C a  Xo 

Patient Colon site buffer No Cla S o  Mg or 51g citrate K* CS- 
0. Transverse 632 

279 
R. 
S. 
11. Splenic flexure 230 $ * 
L. Rect osigmoid 124 
B. 177 
I<. Sigmoid 7% 
C+ . Rect osigmoicl 326 
F.S. 143t 
0. 634t 

Sigmoid 244 
99  

7 )  

7 9  

3 3  

x. Sigmoiil 215" 
65 

B. Transverse 426 
A S .  Rect osigmoid 364 
3I.S. Traiils\-erse 889 
H. Rectosigmoid 852 t 

Zero time mean -t S.E. 6.3 k 1.3 

694 2 i S  134 11 
355 180 125 22 
278 295 210 17 
581" 238" 358" 
106 117 610 
723 1 i 2  248 

824 
23 
32t 43t 
55 t 

147 

* No antibiotic present. All others contained 200 y aureomycin. 
t 1000 units peniciIlin added. No aureomycin. 

Single observation. All others are arerages of duplicate pairs. 

TABLE IV. Incorporation of Labeled Substr& 
into Protein and Mucoprotein of Colon Mueosa. 

slpecific activity 
Total protein Mucoprotein t $ 

P 4  S& CI' 585 
> -- 

Patient glycine sulfate glycine sulfate 

-4. 364 155 
B. 410 l i i  

h'. 63 47 

M. 230 t 2 i  
580 
358 
238 

L. 124 
610 
127 

353* 207" 

50'* 

J. 240 lib0 

185 440 
427 
270 
200 
40 

265 
61 
140 2820 

* Witliont aureomycin. All other exp., 200 y 
nureomyeill present. 

t Single observation. All others are averages of 
duplicate pairs. 
: In each esp. mucoprotein mas isolated from 

supernatant from which total proteih had been 
precipitated. 

sence of added Ca++ or Ng+" in the buffer 
in contrast to the more easily demonstrable 
sensitivity to these ions in the liver might be 
explained by a more variable concentration of 
these ions in the colon. We have no data to 
substantiate or refute this possibility. 

The incorporation of S35 sulfate into the 
protein and mucoprotein is a little more dif- 
ficult to defend as a true enzymatic process, 
although such a process is certainly compatible 
with the data presented. Bostrom and 

T-4BLE V. Reprecipitation of Labeled Colon 
Proteln. 

Patient 

c'. S. 
9s. 
C.G. 

Psooled 
protein A 

" B 

-Specific activity- 
Before S f t e r  re- 

Label solution precipitation 

CF4 glycine 2 i 4  284 
@' " 404 464 
( y 4  " 326 530 
SBj sulfate 96 7 

p . 5  9' 96 2 
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Mansson ( 14) have shown that cartilage slices 
will incorporate labeled sulfate into its muco- 
protein, and that this process is inhibited by 
a nitrogen atmosphere. Dziewiatkowski ( 15) 
demonstrated that after giving S35 sulfate in- 
travenously, intestinal mucosa was found to 
have significant radioactivity. We have ob- 
tained a protein with labeled inorganic sulfate 
which cannot be dialyzed away, yet is easily 
removed by solution and reprecipitation. This 
is compatible with the concept that the pro- 
tein contained a coprecipitated mucoprotein 
which was easily removed by solution and re- 
precipitation. Winzler et al. ( 16) have dem- 
onstrated that serum mucoprotein is copre- 
cipitated with serum protein. 

The specific activity of the total crude pro- 
tein, when labeled with CI4 glycine, was con- 
sistently higher than that of the mucoprotein 
obtained from the same experimental condi- 
tions. The data are not sufficiently quantita- 
tive to draw any inferences with respect to 
precursor relationships. Since the mucopro- 
tein contains only 12% nitrogen, the larger 
proportion of non-protein components in the 
mucoprotein might well account for the lower 
specific activities. 

Summar?. 1.  The incorporation of car- 
boxyl CI4 labeled glycine into the protein of 
human colon mucosa has been studied in vitro. 
The incorporation was inhibited by nitrogen 
and cyanide. There was no consistent effect 
from omitting calcium and/or magnesium 
from the buffer, Penicillin depressed the in- 
corporation : aureomycin produced no consist- 
ent results. Homogenized tissue failed to in- 
corporate even though viable bacteria were 
present. 2. A mucoprotein was isolated from 
colon mucosa and both carboxyl CI4 glycine 
and inorganic S35 sulfate were found to be in- 

corporated into protein and mucoprotein. 3. 
Solution and reprecipitation of total crude 
protein removed the S35 label, but not the 
C14 label. 

The authors are indebted to the members of the 
Department of Surgery for their very kind coopera- 
tion, and ,to Dr. A. W. Frisch of the Department of 
Bacteriology for helpful advice. 
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