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Summary 

The effects of a new intestinal peptide, inhibiting enterocytogenin (IEG) derived from pig intestinal mucosa 
were studied in vitro on 3T3 mouse fibroblasts and L5178Y mouse lymphoma cell line. IEG caused consid- 
erable growth inhibition together with specific morphological changes, necrotic effects as well as formation of 
monolayers at the highest concentration applied (1000 #g/ml). A biologically active fraction (IEG-BAF) derived 
by further purification of IEG by gel-filtration, proved to possess most of the described activity. The concen- 
trations of IEG and IEG-BAF inhibiting the growth of L5178Y lymphoma cells by 50~o (ICs0 values) were 
calculated to be 759 #g/ml and 192 #g/ml, respectively. IEG-BAF has a molecular mass of 4450 + 180 Da and 
is most probably a peptidylnucleotidate as revealed by spectral analysis. 

Introduction 

As a result of intensive experimental research dur- 
ing the last decade a number of biologically active 
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peptides have been found in mammalian intestine, 
which proved to affect the proliferation of different 
cell types [ 1-6]. However, very little is known about 
their chemical composition, molecular structure and 
biological functions. Even the existence of some of 
these intestinal factors is still hypothetical and the 
subject of argument [1]. Which of the isolated 
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substances are real regulatory peptides and wether or 
not they can be included in the family of the gastro- 
intestinal hormones is a question of future more de- 
tailed studies. 

In 1989 Skraastad and Reichelt [2] isolated and 
purified an endogeneous inhibitor from mouse small 
intestine which is an oligopeptide consisted of three 
amino acids -pGlu-His-Gly-OH and proved to in- 
hibit the mitosis of colon epithelial cells. It also 
caused a significant decrease of the incorporation of 
[3H ]thymidine in HT-29 human carcinoma cells and 
its activity was specifically blocked by insulin. In a 
separate study [3] the same authors reported an in- 
hibition of the increased colonic epithelial cells pro- 
liferation in mice, induced by cholic acid upon i.p. 
administration of the oligopeptide and also found a 
dietary calcium dependance of its inhibitory effect. 

In our previous reports [4,5] we have described 
the isolation of several endogeneous bioactive sub- 
stances from canine and porcine intestinal cells from 
duodenum, and the proximal and distal jejunum and 
ileum. These compounds were divided in two major 
groups, inhibiting or stimulating, based on their dif- 
ferential long-terror effects on the incorporation of 
[3H]thymidine and [laC]leucine in the intestinal 
mucosa and muscles after i.p. injection in mice. Their 
chemical nature and molecular mass ranged from 
large proteins (300 kDa) to small peptides (550- 
5000 Da), containing or not nucleosides or chro- 
mophor groups in their structure [5]. Two peptides 
possesing strong morphogenic effects were further 
purified from the mucosa of pig small intestine, re- 
ferred to as stimulating enterocytogenin (SEG) and 
inhibiting enterocytogenin (IEG), respectively, and a 
method for their industrial scale purification was de- 
veloped (patent BG ~49927A/92D [6]). SEG which 
is known under the pharmaceutical trade mark 
Enterogenin R is an adenosyl-hexapeptide complex 
with a molecular mass of 1400 Da. Its amino acid 
sequence differs from that of the known intestinal 
regulatory peptides [4-6]. SEG causes generalized 
long-term effects on the cell metabolism, stimulates 
the biosynthetic pathways and reduces the prolifera- 

tion cycle of the physiologically regenerating intesti- 
nal mucosa cells. It also increases the number and 
the length of the intestinal microvilli and improves 
the resorption via the intestinal mucosa. In nonpro- 
liferating cells SEG stimulates the synthesis of spe- 
cific proteins: miosin in skeletal muscles, detoxicat- 
ing enzymes in liver, immunogenic proteins in spleen, 
digestive enzymes in the gastrointestinal tract [6]. 
SEG also causes depolarization of isolated smooth 
muscle preparations from rat gastrointestinal tract, 
stimulates the Ca 2 + influx and increases the contrac- 
tility. These effects can be specifically blocked by 
haloperidol [7]. 

Our preliminary characterization of IEG revealed 
that it is a product of the degradative metabolism in 
the immature cells of the small intestine [5]. It acts 
as a general inhibitor of the enterocytic proliferation 
and differentiation. IEG also stimulates in vitro the 
contractility of smooth muscle preparations from the 
gastrointestinal tract of rat and guinea-pig. These 
effects of IEG on guinea-pig smooth muscle cells are 
greately abolished by H2 histamine blockers [8]. 

We describe here the effects of crude as well as 
further purified by gel-filtration IEG on cultured 3T3 
mouse fibroblasts and L5178Y mouse lymphoma cell 
line and we show that IEG causes a considerable 
growth inhibition and typical morphological changes 
of these cells. 

Materials and Methods 

Isolation of lEG 
lEG was obtained from pig intestinal mucosa 

under industrial-scale conditions as described [6]. 
The lyophilized material was dissolved in water or in 
phosphate-buffered saline and sterilized by microfil- 
tration through 0.45/~m Millipore membrane filters 
prior to addition to the cell cultures. 

Gel filtration of lEG 
The chromatography was carried out on Sephadex 

G-25 (medium grade) at a flow rate of 19 ml/h/cm 2, 
using FPLC (Pharmacia) equipment. Columns of 



dimensions 1 x 47 cm or 2 x 40 cm (I.D.) were used 
for analytical or for preparative scale purification, 
respectively. The elution was carried out with 0.035 
M potassium phosphate buffer (pH 6.8) or with re- 
distilled deionazed water and the eluate was continu- 
ously monitored at 280 nm. The protein content of 
the collected fractions was determined by the meth- 
ods of Lowry [9] or Warburg and Crystian [10], 
respectively. Fractions were sterilized as described 
above and tested for biological activity. The peak of 
activity causing the highest percentage of growth in- 
hibition of the tested L5178Y mouse lymphoma cells 
was referred to as the inhibiting enterocytogenin- 
biologically active fraction (IEG-BAF). Spectral 
analysis of the fractions in the visible and UV range 
was carried out on Perkin-Elmer model Lambda-15 
spectrophotometer. 

HPLC of the purified 1EG-BAF 
Analysis of the purified IEG-BAF was done on a 

silica gel Sorbax column, using HPLC apparatus 
(Knawler). Samples of 100 #1 (approx. 2 mg protein 
content) were loaded on the column and eluted with 
0.2 M sodium phosphate buffer, pH 7.0, containing 
0.1 M Na2SO4, at a flow rate of 1 ml/min. The eluted 
material was recorded at 220, 260 and 280 nm. To 
calculate the molecular weight of IEG-BAF the col- 
umn was calibrated with gel-filtration molecular 
weight standards (Knawler and Bio-Rad). 

Cell cultures 
Mouse lymphoma cells L5178Y (wild type) were 

grown in Heraeus incubator at 37 °C with 5 ~o CO2 
humidified air, according to the procedure described 
by Venit and Perry [11]. The medium was RPMI- 
1640 (Serva), supplemented with 10~o bovine fetal 
serum (Sigma), penicillin 100 IU, streptomycin, 
100/~g/ml (Pharmachim), and the following amino 
acids: L-arginine, 1.5 mM; L-asparagine, 0.24 mM; 
and L-glutamine, 1.5 mM (all from Serva). 

3T3 mouse fibroblasts were maintained in 
Dulbecco's modified Eagle's medium (DMEM), 
supplemented with 10~o calf serum, 100 IU of peni- 
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cillin and 100 #g/ml of streptomycin. The trypsin 
treatment was carried out as recommended in the 
Invittox Protocol [ 12], using trypsin purchased from 
Difco. 

Treatment of the cells with lEG 
Aliquots of 2 ml of the mouse lymphoma L5178Y 

cell suspensions, grown to a density of approx. 3.10 4 

cells/ml were treated with lEG at a final concentra- 
tion of 1000, 800, 500, 250, and 100 #g/ml, or with 
IEG-BAF at 250, 200, 150, 100 and 50/~g/ml. After 
24 h Trypan blue (Serva) was added to final concen- 
tration of 0.5 ~o to aliquots of the cultures for 5 min 
and the percentage of survived cells was determined. 
The total number of cells was counted in Burker's 
camera and the results were statistically processed 
using the Student's t-test. 

3T3 mouse fibroblasts were grown in glass culture 
flasks (Flow Labs) with growth area of 75 cm 2, until 
monolayers were formed and sufficient adhesion to 
the substrate occurred, after which they were 
trypsinized as described. The trypsinized cells were 
further grown in culture tubes (Leighton Flow Labs.) 
with previously placed cover slips ( 9 x 3 5  mm, 
Chance Proper). After additional 24 h the medium 
was replaced with fresh aliquots containing IEG at 
a final concentration of 1000/~g/ml or 500 #g/ml. The 
cells were vissualy inspected on inverted microscope 
(Karl-Zeiss) in 24 h intervals until monolayers were 
formed for changes in their shape, the level of adhe- 
sion, the density of the suspension and eventually 
damages caused by the treating agent. Untreated 
controls and treated cells were photographed directly 
in the medium or after they have been fixed with 5 ~o 
methanol on the cover slips. 

Results and Discussion 

Purification of IEG-BAF 
The typical chromatographic patern of IEG is pre- 

sented on Fig. 1. When water was used as the elu- 
ent instead of phosphate buffer this resulted in an 
improved separation. The peak of the biological 
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Fig. I. (A) Purification of  IEG by gel f i l tration on Sephadex G25. A sample o f  8.5 mg o f  [EG was run on a Sephadex G25 column 
(I x 47 cm, I .D.)  at a f low rate o f  19 ml/h/cm 2. The elution was carried out with redistil]ed deionazed water and the e]uate was monitored 

at 280 nm. Fractions o f  2 ml were collected throughout. The activity o f  each fraction ( - m - )  is expressed as percentage o f  growth inhi- 
bit ion caused on cultured L5178Y mouse ]ymphoma cells. The void volume o f  the column was 12 m] and the elution positions o f  A and 
B chains o f  human insulin corresponded to 39 ml and 28 m], respectively (not shown). (B) H P L C  o f  the purified [EG-BAF.  An aliquot 



115 

activity in both cases was obtained at 25 ml when the 
analytical column was used, however the specific ac- 
tivity of the combined fractions was approx. 30~o 
higher in the preparation with water as the eluent 
(not shown). Thus, we used water to elute the samples 
in all subsequent purification cycles. The purity of 
IEG-BAF was estimated by HPLC-chromato- 
graphy. A peak of retention time of 12.25 min (see 
insert to Fig. 1) proved to be the major peptide in the 
sample, representing 89~o of the total material which 
absorbs at 260 and 280 nm, as based on computing 
the surface area of the peaks. It completely overlaped 
the peak of biological activity (data not shown). Thus, 
we conclude that our preparation of IEG-BAF is at 
least 80~o pure. 

IEG-BAF appeared at possition corresponding to 
approximately 4000 Da when our analytical G-25 
column was calibrated with A and B chains of human 
insulin and cytochrome c. This value is in good 
agreement with the one calculated using the HPLC 
Sorbax column, 4450 + 180 Da (mean + S.D. of 6 
independent runs of 2 different preparations). 

Spectral analysis of purifeid IEG-BAF 
The spectral scan of IEG-BAF preparation re- 

vealed two maxima at 206 and 265 nm, respectively 
(not shown). A second derivative of the first maxi- 
mum identified the presence of few additional com- 
ponents with a characteristic peak at 238 nm. Based 
on this data we suggest that IEG-BAF is most likely 
a peptidyl-nucleotidate, although additional studies 
are needed to identify its exact chemical composi- 
tion. 

Effects of lEG on 3 T3 mouse fibroblasts and L5178 Y 
mouse lymphoma cells 

Figs. 2 and 3 present the effects of lEG on the 
cultured mouse 3T3 fibroblasts at 24 h (Fig. 2) and 

72 h (Fig. 3) after addition of IEG, respectively. At 
1000/~g/ml of lEG many of the cells were dead at 24 
h. The cells which have still been attached to the 
substrate became round-shaped and were easily re- 
moved upon agitation, whereas those which were 
tightly bound were fiat and had long and thin exten- 
sions (Fig. 2a). The attached fibroblasts were sepa- 
rately distributed and only few of them were grouped 
in a network. Most of the cells were round-shaped 
and contained huge nuclei with 2 or 3 nucleoli. Di- 
viding cells were not observed. At the lower concen- 
tration of lEG applied (500 #g/ml, Fig. 2b), the cells 
adherent to the cover glass were bound tightly with 
their cytoplasmic projections forming a network. 
Most of the fibroblasts were round-shaped but also 
elongated cells were found. Again dividing cells were 
not observed. The control untreated fibroblasts 
(Fig. 2c) were lancet-shaped with long projections 
located on the poles of the longitudinal axis of the 
cell. In contrast with the treated cells many of the 
controls were in contact with each other by the means 
of not only the cytoplasmic projections but also with 
considerable part of their plasmalemmas. 

In the cultures treated for 48 h dividing fibroblasts 
were not found in contrast with the controls in which 
most of the surface of the glass was already occupied 
by cells forming monolayer zones (not shown). 

lEG at 1000 /~g/ml prevented the formation of 
monolayers at 72 h of treatment (Fig. 3a). These cells 
were mostly single and randomly distributed. In cul- 
tures containing 500/~g/ml of lEG all the cells were 
included in a network formed by their cytoplasmic 
projections and completely covering the growth sur- 
face (Fig. 3b). In the control cultures monolayers 
were already formed and occupied the total surface 
of the cover slips (Fig. 3c). 

When 1000/~g/ml of lEG was applied for 96 h the 
cells did not form monolayers. The cover slips were 

of I00 /~1 of  the purified I E G - B A F  was run on silica-gel Sorbax column at a flow rate of  1 ml /min  as described in the text and absor-  

bance recorded at 220 and 260 nm. The pat tern of  the molecular  weight s t andards  recorded at 220 nm is shown on the same chromato-  

gram. The posi t ion of  I E G - B A F  is indicated by an arrow. 
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Fig. 2a, b. 

covered by separate cells with only few grouped in 
clasters. At 500/~g/ml clearly observable monolayers 
were seen and considerable number of cells were 
dividing. Some of the cells were round-shaped and 
had long cytoplasmic projections. In the control cul- 
tures dividing fibroblasts were not found (not shown). 

As can be seen on Figs. 2 and 3, considerable 
inhibition of the cell growth was observed in the 

presence of high amounts of IEG, especially in the 
early stages of growth (24 h). 

The present results of growth inhibition caused by 
IEG on cultured 3T3 mouse fibroblasts are in good 
agreement with our previous observations for the 
in vivo inhibition of the proliferation of small intes- 
tine epithelial cells [4,5]. In the present study IEG 
caused typical changes in the shape of the treated 
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Fig. 2. Effects of IEG on 3T3 mouse fibroblasts, 24 h of treatment. 3T3 mouse fibroblasts were grown in glass culture flasks until monolayers 

were formed and then trypsinized. The cells were subcultured for 24 h in tubes containing glass cover slips and the medium replaced with 

aliquots of  fresh medium containing IEG at 1000/lg/ml (a), 500 gg/ml (b) or PBS (c) as a control. After additional 24 h the preparations 
were fixed with 5~0 methanol and microscoped using pseudorelief technique. Bar represents a scale of  100/~m. 

fibroblasts, their orientation on the substrate and 
their ability to form monolayers. At the highest con- 
centration of IEG applied (1000/~g/ml) a consider- 
able reduction in the total number of cells was ob- 

served together with features characteristic for severe 
cell damages. Dividing cells were not found among 
the survived fibroblasts. The number of damaged 
cells was lower at 500/~g/ml of IEG but the growth 

Fig. 3a. 
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Fig. 3. Effects of IEG on 3T3 mouse fibroblasts, 72 h of treatment. All conditions and designations are as described in the legend 
to Fig. 2, except that the cells were treated with IEG or PBS for 72 h. Bar equals 100/am. 

inhibitiion was also clearly observed.  These  changes 

were especially indicative at up to 48 h of  t reatment.  

At  the later stages of  t rea tment  (72 h and 96 h) the 

number  of  f ibroblasts  on the cover  slips increased 

and also mitotic cells were observed,  which suggests 

that  the cultured cells have overcome the inhibitory 

effect of  the agent when treated with relatively low 

amounts  of  IEG.  

Table I presents  the growth inhibition in percent-  

age caused by I E G  and I E G - B A F  on L5178Y mouse  

lymphoma  cells at 24 h. At  1000/~g/ml of  I E G  and 

250/zg/ml of  I E G - B A F  the average growth inhibition 

was 83~o and 79.6~o, respectively, as compared  to 

the control  untreated cultures. There was no observ-  

able effect on the cell growth at concentra t ions  of  
I E G  and I E G - B A F  of  100/~g/ml and 50/zg/ml,  re- 



TABLE I 

Growth inhibition of mouse lympboma L5178Y cells by lEG and 
purified IEG-BAF. Aliquots of 2 ml of mouse lymphoma L5178Y 
cell suspensions, grown to a density of 3.104 cells/ml were treated 
with IEG or IEG-BAF at the indicated concentrations for 24 h. 
Cells were counted in Burker's camera and the growth inhibition 
was calculated in percentage of controls treated with sterile PBS. 
The results are the means _+ S.D., (n = 12). 

IEG IEG-BAF 

[Agent] cells Inhibi- [Agent] cells Inhibi- 
/~ g/ml /ml" 10 4 tion /~ g/ml /ml. 10 4 tion 

(%) (%) 

1000 
800 
500 
250 
100 

0 

10.3_+1.1"** 83.0 250 12.5_+0.9"** 79.6 
27.5 _+ 1.4"* 55.0 200 25.5 _+ 2.2* 54.2 
50.0_+ 1.5" 18.0 150 41.8_+ 1.6' 25.0 
53.0 _+ 2.0* 13.0 100 53.7 _+ 1.4" 0.6 
61.6_+0.8 0.0 50 56.3_+1.4 0.0 
61.0 _+ 1.4 0 55.7 _+ 1.0 

* = P< 0.05, ** = P< 0.01, *** = P< 0.001, statistically different 
from 1 compared to the control values. 

spect ively.  T h e  c o r r e s p o n d i n g  c o n c e n t r a t i o n s  o f  

I E G  and I E G - B A F  inhibi t ing the g rowth  o f  L5178Y 

l y m p h o m a  cells by 50~o (ICs0 values)  were  calcu-  

la ted  to be 759.5 and  192.8/~g/ml,  respect ively .  

In addi t ion  to the  above  descr ibed ,  we also stud- 

ied the effects o f  I E G - B A F  on m o u s e  m y e l o m a  Sp2, 

Ag8 and M E T H - A  cell  lines. Our  p re l iminary  resul ts  

ind ica ted  a high sensi t ivi ty o f  these  cells to micro-  

g r a m  quant i t ies  o f  the purif ied pept ide .  The  average  

g rowth  inhibi t ion was  70 + 9~o at the s a m e  concen -  

t ra t ions  o f  I E G - B A F  appl ied  as in the exper iments  

p re sen ted  in Tab l e  I. 

F r o m  our  d a t a  it is ha rd  to assess  w h a t  is the  

phys io logica l  s ignif icance o f  I E G  since h u n d r e d s  o f  

m i c r o g r a m s  were  requ i red  for its b iological  activity. 

H o w e v e r ,  the in vi t ro  exper imenta l  cond i t ions  we 

used  in this s tudy m a y  no t  be op t ima l  for this activity.  

As  po in ted  out  by S k r a a s t a d  and  c o w o r k e r s  [2] the 

effect o f  their  co lon  mitos is  inhibi tor  was  an tago-  

n i zed  by insul in or  se rum fac tors  in the  cul ture  me-  

d ium.  Final ly,  I E G  might  ope ra t e  th rough  a low 

affinity a n d / o r  high capac i ty  receptor .  F u t u r e  inves-  

t igat ions  will address  a m o r e  de ta i led  cha rac t e r i za -  
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t ion o f  the g rowth  inhibi t ion c a u s e d  by I E G - B A F  as 

well  as the  signal t r a n s d u c t i o n  m e c h a n i s m s  invo lved  

in the o b s e r v e d  effects. 
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