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Abstract 

In an attempt to understand the hormonal regulation of soma­
tomedi n sec retion in the fetus , we have co nfirm ed that epider­
mal grow th factor (EGF ) stimul ates feta l rat hepato cytes in 
prim ary cultur e to sec rete somatomedin in a time and a dose­
dependent fashion. Tran smiss ion elec tron microsco py (TEM ) 
revea led that the cultur ed ce lls had ultrastructu ra l fea tures co n­
sistent with those of fetal hepatocytes . Scanning e lectron micros­
copy (SEM) showed that ce lls grown in e ither Medium 199 or 
EGF supplemented Medium 199 formed ce llular agg rega tes 
within 6 h . Th e surface featur es of ce lls in control and experi­
menta l cultur es were indistinguishable up until 24 h after expo­
sure to EGF. At this point in time, morph olog ica l differences 
between trea tment gro ups we re first apparent with SE M . In the 
prese nce of EGF, ce llular agg rega tes were thicker, ce lls were 
more rounded in co ntour, and the numb er of microv illi and cyto­
plasmic excresce nces (blebs) was greater than in control cultures. 
Th ese d ifferences were furth er acce ntuated at 48 h after expo ­
sure to the grow th factor. Since the appeara nce of microvilli 
and blebs co incides with inc reas ing production of somatomedin , 
they may represent morpholog ica l evidence of secretory activity. 

Key Words: Fetal rat hepatocyt es, prim ary culture , epiderm al 
growth factor, somatomedin secr etion , surfa ce morphology . 
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Introduction 

It has been suggested that somatomedins, a family of polypep­
tides with insulin-like and mitogenic activity , may play a role 
in both normal and abnormal growth (13). Th ey can be detected 
in feta l plasma (1,12), and rece ptors specific for these factors 
are prese nt in fetal tissues (12,2 5,26). It has been demonstrat ed 
rece ntly that fetal liver explants (11,23) and ce ll cultur es (14) 
synthes ize and sec rete somatomedin into the ir cultur e medium . 
However, the hormonal regul ation of thi s pro cess has not bee n 
determin ed . In childr en and adol escents somatomedin levels ap­
pear to be growth horm one dependent (29) , but thi s do es not 
see m to be the ca se in the fetus (16). Th erefore, we have been 
attemptin g to determin e which hormones regulate somatomedin 
sec retion by feta l rat hepatocy tes in prim ary cultur e and have 
shown that epidermal growth factor (EGF) stimul ated the secre­
tion of a feta l somatomedin in a t ime and dose- dependent man­
ner in thi s system (24). 

EG F is a low molecular weight peptide that acts as a mitogen 
for a var iety of ce ll types, and most of the work done with this 
grow th factor has been focused on thi s property. Th ere have 
been re latively few studies involving the poss ible effect of EGF 
on the phenotypic expres sion of ce lls. Since there is increasin g 
interest in the influence of horm ones on the surfac e morph o­
logy of ce lls, the aim of the prese nt inves tigation was to study 
the effec t of EGF on the sur face characteristics of fetal rat 
hepatocytes in primar y cultur e. We attempted to co rrelate the 
morph olog ica l and physiologica l effects of EGF in this system . 

Materials and Method s 

Animals 
Tim ed-pr eg nant Spra gue-D awley rats were pur chased from 

Taconic Laboratories , Germantown , N.Y. Th ey were housed for 
I wee k prior to delivery of the fetuses by Cesarean section on 
the 21st day of gestation. 
Preparation of fetal rat hepatocytes 

Hepatocyt es were isolated from 21 day old fetal rats by a 
modification of the procedur e of Leffert and Paul (20) . Medium 
199 (M-199) with 0.2 % Hepe s buff er was substituted for argin­
ine-free medium. The collag enase concentration was reduced 
from 3 mg/ml to 2 mg/ml ,and 2.5 mM ca lcium chloride was in­
clud ed in the digestion buffer. Prior to plating in Falcon film­
lined tissue culture dishe s (60 x l5 mm) , ice-cold ammonium 
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Fig. I. Effect of EG F concentration on somatomedin secre­
tion. Total somatomedin levels in the conditioned medium 
were determined by the competitive protein binding assay. 
Somatomedin secretion by hepatocytes cultured in control 
medium is indicated by the arrow. The mean s ± SEM for 
triplicate cultures, assayed in duplicate , are shown . 
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Fig. 2. Time course of EGF stimulation of somatomedin sec­
retion. Fetal rat hepatocyte cultures were incubated in the 
presence or absence of EGF (200 ng/ml) for the indicated 
time s. Total somatomedin levels in the conditioned medium 
were determined by the competitive protein binding assay. 
The means ± SEM for triplicate cultures, assayed in 
duplicate, are shown. 

chloride (0.17 M ) was added for 2 min (19). This treatment lysed 
the large number of erythrocytes present in fetal liver without 
damaging the hepatocytes. The hepatocytes were plated in tripli­
cate at a density of 6 x 105 cells/ml in 5 ml of M-199 contain­
ing 5 % fetal bovine serum and dexamethasone (I x 10- 7 M). 
The culture s were incubated at 37°C in an atmosphere of 5 % 
COr95 % air. To take advantage of the more rapid rate of at­
tachment of hepatocytes (22) , the medium was asp irated off at 

1144 

Fig. 3. Transmission electron micrograph of fetal hepato­
cytes cultured in control medium for 46 h. Note presence 
of desmosomes (arrow), bile canaliculus (C), accumulation 
of smooth endoplasmic reticulum (ser), and relative lack of 
modifications of the free surface (top of micrograph). Bar 
= 2.0 µ,m 

Fig. 4. Transmission electron micrograph of hepatocyte s 
that had been grown in the presence of EGF (200 ng/ml) 
for 46 h. Note increased thickness of aggregate and more 
conspicuous modifications of the free surface, especially cyto-
plasmic blebs (arrow). Nu, nucleus ; n, nucleolus; L, lipid 
droplet. Bar = 5.0 µ,m. 

Fig. 5. Low power scanning electron micrograph of an ag­
gregate of hepatocytes cultured for 6 h in the absence of EGF. 
Note that it is difficult to distinguish intercellular boundaries 
between many of the cells. Bar = 10.0 µ,m. 

Fig. 6. Scanning electron micrograph of several hepatocytes 
from a culture that had been grown in the absence of EGF 
for 6 h. These cells have irregular ridges and folds, as well 
as a few short microvilli. Bar = 5.0 µ,m. 

Fig. 7. Low power scanning electron micrograph of an ag­
gregate of hepatocytes cultured for U h in the absence of 
EGF. Note increase in the number of cells with surface modi­
fications. Bar = 10.0 µ,m. 

Fig. 8. Scanning electron micrograph of several cells from a 
culture that had been grown in the absence of EGF for U 
h. These cells have more prominent ridges, folds and micro­
villi than do comparable cells at 6h. Cytoplasmic blebs (ar­
row) are present on a few of the cells. Bar = 5.0 µ,m. 

4 h to remove hemopoietic cells. Fresh med ium without dexa­
methasone was then added. After 24 h (considered zero time) , 
the medium was replaced with serum-free M-199 with or without 
EGF. The conditioned medium was collected between 6 and 
48 h later, centrifuged to remove cellular debris, and stored at 
-70 °C until assayed. At 48 h cell viability, as determined by 
trypan blue exclusion, was approximately 80 % in the presence 
or absence of EGF. 
Competitive protein binding assay for somatomedin 

Highly purifi ed multiplicati on stimulating activity (MSA), 
similar to that described by Marquardt et al. (21), was radio­
labeled with 1251 by a modification of the chloramine-T method 
using the iodo-bead reagent. The iodo-beads are chloramine-T 
derivatized polystyrene beads. One bead was added to a mix­
ture of MSA, 2.5 µ,g, and 1.0 mCi carrier-free Na 125I in 0.1 ml 
ofO.I M phosphate buffer (pH 7.0). The reaction was terminated 
after 15 min at room temperatur e by removing the sample from 
the reaction vessel. Iodinated MSA was separated from unreacted 
125J by gel filtration using a 12 x 0.5 cm Sephadex G-25 col­
umn ; the e lution buffer was phosphate buffered saline (PBS) 
with I% bovine serum albumin (BSA). This procedure afforded 
rapid and comp lete separat ion with little dilution of the 1251-
MSA. The radiolabeled material was pooled , aliquoted. rapid­
ly frozen in liquid N2, and stored at -7 0°C in PBS plus I% 
BSA. The 1251-MSA was routinely repurifi ed prior to use by 
Sephadex G-75 gel filtration in PBS. 
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Somatomedin car rier prote in was prepared from norm al rat 
serum by chrom atogra phy on Sephadex G-50 in I M acet ic acid 
(30). The excluded protein pea k was dialized extensively aga inst 
0.1 M PBS, aliquoted , and stored at - 70 °C. Both the MSA stan­
dards and the conditi oned medium samples (usually 0.05 ml) 
were acidified to a final concentrati on of I% acetic ac id , centri ­
fuged to remove any ac id-stripp ed ca rrier prote in in co nditi oned 
medium , and resuspended in 0.2 ml bindin g buffer (0.1 M PBS, 
0.25 % BSA , 0.01% sod ium azide, pH 7.2) . Th en 0.2 ml of par­
tially purified rat somatomedin ca rri er prot e in and 0. 1 ml of 
125I-MSA (10,000 cpm ) were added . After incubation at room 
temperatur e for 2 h , the reac tion was terminat ed by the addi ­
tion of ice-cold 2.5 % activated charcoa l in binding buffer. Under 
these conditi ons, unbound 125I-MSA was adsorbed to the char­
coa l which was removed imm ediate ly by centrifu gation . An ali­
quot (0.5 ml) of the supernatant fraction (conta ining the bound 
125I-MS A) was counted in a Bec kman Biogamm a 20 00. 
Scanning electron microscopy 

Ce lls were grow n in Falco n film- lined di shes . At the appro­
pr iate tim es , 6 to 48 h after the addition of epiderm al grow th 
factor or co ntrol medium , the cultur es were washed twice with 
serum -free M-199 and fixed in situ at 4°C overnight in 2 % 
co llidin e-bu ffered g lutara ldehyde (300 mO sm). Prior to three 
5 min washes with co llidin e buff er, film liners were cut into 
squares for further process ing. Ce lls were postfixed for I h with 
2 % aqueous osmium tetroxide, washed 3 times in distilled water, 
dehydrated in a gra ded ser ies of co ld ethanol, and cr itica l point 
dri ed in a Sorvall criti ca l point drying system using car bon 
dioxide. Squares of film liner were mounted on aluminum stubs 
with silver paint , sputter coa ted with go ld-palladium in a Hum ­
mer II appara tus, and observe d in a Coa tes and Welter field 
emission or Hitachi Mode l S-520 scanning electron micro scope. 
Transmission electron microscopy 

Ce lls were grow n in Falcon film- lined or unlin ed d ishes. 
Forty-six h after the additio n of EGF (200 ng/ml) or con trol 
medium , the cultures were washed twice with serum-free M-199 
and fixed in situ at 4°C overnight in 2 % co llidine-bu ffe red glu­
tara ldehyde (300 mOs m). The ce lls were then rin sed severa l 
times with 0.2 M phosp hate buffer and post-fixed with vero nal­
buff ered I% osmium tetrox ide for I h . Dehydration th rough a 
gra ded series of ethanol and propylene oxide was followed by 
embedding in Ara ldite 502 . Ce lls grow n on film liners were 
embedded in situ with small strips of the liner material. Dehydra­
tion of the ce lls grow n d irec tly on plastic cultur e di shes was 
followed by the add ition of propylene oxide and gentle mi xing. 
This resulted in the re lease of the ce lls as a layer from the sub­
strate . The layers of ce lls were co llec!fd , rinsed with propylene 
oxide , centrifu ged in co nica l BEE M capsules, and embedded 
in Ara ldite. Sections were cut perpend icular to the substrate on 
whi ch the ce lls had been gro wn with an LKB Ultrotome III. 
Th ey were placed on co pper grid s, stained with uranyl ace tate 
and lead c itrate , and examined in a Philip s EM 300 transm is­
sion e lect ron microsco pe. 

Results 

Since the experim ents in which we first demonstrat ed that 
EGF stimulat ed the secretion of somatomedin in our system were 
performed in unlin ed polystyrene di shes (24) , it was necessa ry 
to determin e wheth er thi s effec t co uld also be shown with fetal 
hepatocy tes grown in di shes lined with pol yester. To thi s end, 
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Fig. 9. Scanning electron micrograph of several cells from 
the center of an aggregate of hepatocytes that had been 
grown in the presence of EGF (200 ng/ml) for 24 h. Note 
that intercellular boundarie s are discernible and that some 
cells are characterized by the presence of large blebs (ar­
row). Bar = 5.0 µm. 

Fig. 10. Scanning electron micrograph of several cells at the 
periphery of an aggregate of hepatocytes that had been 
grown in the presence of EGF (200 ng/ml) for 24 h. These 
cells are relatively flat and bear numerous short , irregular 
microvilli on their free surface. Bar = 5.0 µm. 

Fig. 11. Scanning electron micrograph of parts of several 
hepatocytes from a culture that had been grown in the 
absence of EGF for 48 h. Note that the cells are almost devoid 
of surface modifi cations. Bar = 5.0 µm. 

Fig. U. Scanning electron micrograph of several cells from 
an aggregate of hepatocytes that had been grown in the pre­
sence of EGF (200 ng/ml) for 48 h. These cells have numerous 
blebs and short microvilli. Bar = 5.0 µm. 

Fig. 13. Scanning electron micrograph of several cells at the 
periphery of an aggregate of hepatocytes that had been 
grown in the presence of EGF (200 ng/ml) for 48 h. Note 
that these cells are flat , display numerous microvilli , and 
form structur es resembling bile canaliculi (arrow). Bar = 
5.0 µm. 

Fig. 14. Scanning electron micrograph of several cells from 
an aggregate of hepatocytes that had been grown in the pre­
sence of EGF (2 ng/ml) for 48 h. The surface morpholog y 
of these cells is similar to that of hepatocytes exposed to 
higher concentrations of the growth factor. Bar = 5.0 µm . 

total somatome din levels in co nditioned med ium were meas ured 
by the co mpetitive pro tein binding assay. Once aga in , EGF was 
a potent stimul ator of somatomed in sec retion . As was the case 
in the ear lier exper iments, the stimul atory effect was both dose 
(Fig. I) and time dependent (Fig. 2). The optimum conce ntration 
of EGF was app rox imate ly 20 ng/ml , and the level of somato­
medin in the co nd itioned medi um rose until 48 h after exposure 
to the grow th factor. 

Transmiss ion e lec tron microsco py revea led the cultur ed ce lls 
to have ultras tru ctu ral features co nsistent with those of feta l 
hepatocytes (F igs. 3, 4). They were characterized by the pre ­
sence of ecce ntri ca lly placed nuclei co ntainin g finely dispersed 
chromatin and usually a single, prominent nucleo lus. Their cyto­
plasm was abund ant and co nta ined a well developed Go lgi ap­
paratu s, num ero us mitoc hondri a , many scattered profiles of 
rough endoplasmic reticulum , focal acc umul ations of smooth 
endoplasmic reticulum , many lipid droplets, and occas ional lyso­
somes. The ce lls were close ly appli ed , and num ero us desmo­
somes were prese nt . It was not unusual to observe fairly well 
developed bile canaliculi between adja cent cells. In co ntrol cul­
tures , the hepatocytes tended to be e longated , and they grew 
on the sub strate in a part ially overlappin g manner, at most two 
to three ce ll layers in thi ckness. In the EGF treated cultur es , 
the ce ll clusters were large r and were most often four or five 
ce lls thick. Th e ce lls were more rounded , and there appeared 
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to be more blebs and microvilli . However. the ultrastructure of 
cytoplasmic organelles of cells grown with or without EGF was 
similar. 

Scanning electron microscopy (SEM) permits the study of 
large areas of cell sur face with great depth of field. At 6 h after 
the addition of growth factor there were essentially no differ­
ences in surface morphology between cells in control and ex­
perimental cultures. In both cases cellular aggregates one to two 
cells in thickness were present (Fig. 5) . These were attached 
to the substrate by means of lamellipodia and micros pikes. The 
free surface of most cells was smooth, and it was difficult to 
distinguish intercellular boundaries. A few cells in each cluster 
were somewhat rougher in surface texture (Fig. 6) . They were 
characterized by the presence of irregular ridges and folds of 
different width , length and shape, as well as a few short micro­
villi. 

Control and experimental cultures were also virtually indis­
tinguishable 12 h after exposure to EGF. In comparison to the 
cultures at 6 h , the cell clusters were not as flat , and more cells 
bore surface modifications (Fig. 7). These cells tended to be 
rounded in contour, and they had more prominent ridges, folds 
and microvi lli. Small cytoplasmic excrescences or blebs were 
now observable on a few cells within each aggregate (Fig. 8). 

Striking morphological differences between treatment groups 
were first apparent 24 h after the addition of EGF. The surface 
morphology of cells in control cultures was similar to that 
observed in the previous sample. In the presence of EGF, how­
ever, regions of cellular aggregates were often three to four cells 
thick. In such areas the cells were rounded in contour, and inter­
cellular boundaries were eas ily discernible (Fig. 9). Some of 
these cells were similar to those noted in the 12 h sample, but 
others displayed numerous, large blebs. At the periphery of ex­
perimental cultures, the cells were flat, and numerous short , 
irregular microvilli protruded from the free surface of many of 
them (Fig. 10). 

The final sampling for SEM was done at 48 h after exposure 
to the growth factor. At this point in time, cell aggregates were 
flat in the presence of M-199 alone, and cell surfaces were almost 
devoid of modifications (Fig. II). In the presence of EGF, on 
the other hand, rounded cells were more numero us than at 24 
h (Fig. 12). In addition, more of these cells had blebs, and there 
were many more blebs per cell than was the case in the earlier 
sample. Once again. cells at the periphery of each aggregate 
were flat and displayed numerous microvilli that tended to cluster 
at the periphery of the cells. Structures resembling bile canaliculi 
were observed between the flattened cells (Fig. 13) . 

These results with the SEM were obtained with cultures that 
had been grown in the presence of EGF at a final concentration 
of 200 ng/ml. Similar findings were noted with cells that had 
been exposed to the growth factor at 2 and 20 ng/ml (Fig. 14). 

Discussion 

Epidermal growth factor is a potent mitogen for a variety of 
cultured cells (4), and this effect of the peptide has attracted 
the most attention. Recently interest has been shifting to the 
possible influence of EGF on the phenotype of cells. There are 
indications in the literature that it can influence the expression 
of cell type-specific gene products. Chen et al. (5) showed that 
EGF is capabl e of inducing cell surface fibronectin in mouse 
3T3 cells. Johnson et al. (18) demonstrated that EGF increased 
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the synthesis of prolactin and repressed the production of growth 
hormone by cultured rat pituitary cells. These effects were con­
comitant with alterations in cell shape. More recently, Chikuma 
et al. (6) reported that the factor increased dipeptidyl-aminopep­
tidase and co llagenase-like peptidase activities in clonal osteo­
blastic cells. 

The results of the present investigation, obtained with a slightly 
different culture system than we used before, confirm our obser­
vation that EGF stimulates fetal rat hepatocytes to secrete soma­
tomedin in a time and dose-dependent fashion. Although plasma 
somatomedin levels in children appear to be regulated by growth 
hormone (29) , this does not seem to be the case in the fetus 
(16). Our findings suggest that EGF may play a significant role 
in the fetal regulation of somatomedin secretion and offer a pos­
sible explanation for the observations that children with growth 
hormone deficiency (28) or fetal rabbits decapitated in 1.//ero (17) 
are of normal size at birth . It is interesting to note that the op­
timum concentration of EGF required for the stimulation of 
somatomedin production in fetal rat liver cells (20 ng/ml) is 
similar to the concentration found in human plasma, urine, and 
saliva (3,27). 

A considerable amount of work has been done on the influence 
of hormones on the morphology_of cell surfaces. Much of this 
has been stimulated by the des ire to understand how changes 
in surface morphology may be involved in hormone-triggered 
responses. The changes in surface architecture of PC12 pheo­
chromocytoma cells that occur after exposure to nerve growth 
factor (NGF) and EGF have been well documented (9,10). Both 
factors induced a rapidly initiated series of surface changes in­
cluding ruffling, loss of microvilli, and blebbing. Similar ef­
fects have been reported for NGF on sympathetic neurons (8) 
and for EGF on glial cells (2), carcinoma A-431 cells (7) , and 
MMC-E mouse epithelial cells (15). These changes occurred 
within seco nds of exposure and appeared to be correlated in 
time with the binding of the growth factors to their target cells. 
In view of this earlier work, our observation that EGF has an 
effect on the surface morphology of fetal rat hepatocytes in 
primary culture is interesting, but not surpri sing. It must be 
pointed out , however, that the changes in surface architecture 
reported in our system occurred according to an entirely differ­
ent time frame. 

At present the significance of the changes in sur face topo­
graphy brought about in fetal liver cells by exposure in vi1ro 
to EGF has not been determined . These alterations coincide with 
increasing production of somatomedin . Thus, it is possible that 
the appearance of microvilli and/or blebs may represent morpho­
logical evidence of secretory activity. 
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Discussion with Reviewers 

U. Brunk: You suggest some relat ionsh ip between format ion 
of blebs and production of somatomedin . Your illustrations of 
the blebbing phenomenon are low magnification microgra phs. 
Could you describe whether cellular organelles are found m these 
blebs or if high reso lution TEM would provide some other find­
ings to support your hypothetica l relationship between somato­
medin production and ce llular blebbmg? 
Authors: No cellular organelles other than clusters of free 
ribosomes were observed in the blebs even at higher magnific a­
tion and reso lution. Therefore, at this po int in time. no other 
structural co rrelates of increased sec retory activity have been 
noted. and the suggestion that the appearance of microvilli and/or 
blebs may represe nt morph olog ica l evidence of sec retory ac­
tivity is speculative. 

U.I. Heine: Have the authors tried to remove EGF from the 
somatomedin -producing cultures to see if the effects of the 
growth factor are reversible? 



I.H . Am es, R. A. Richm an , G. B. Go rdon, et al. 

Author s : Thi s is an inte res ting idea; however, beca use of the 
limitation s of our cultur e system , we do not fee l that it would 
be feasible to evalu ate the reve rs ibilit y of EGF' s effec ts on ce ll 
morpholo gy and som atom edin sec retion. Our studi es a re pe r­
form ed with prim ary cultur es of fetal hepatocytes in the abse nce 
of se rum . Und er such co nditi ons, the numb er of v iable ce lls 
dec reas es dram atica lly sometim e a fter 48 h in se rum -free 
medium . Since we do not obse rve a signific ant res ponse until 
4 8 h of expos ure to EGF, we would have diffi culty inte rpr eting 
the res ults of removing the growth facto r at thi s tim e unde r con­
diti ons in which ce ll numb er beg ins to decrea se . 

U.I. Heine: In Fig. 4 the num ero us vacuol es and lipid bod ies 
a re outstandin g. How do they re late to the treatm ent? 
Authors: Lipid droplets and vacuoles were pre sent in both EGF­
treated and control ce lls. Although no attempt was made to quan­
titate the se observations, we do not fee l that the prese nce of these 
inclus ions is re lated to the trea tm ent. 

U.I. Heine: A co mp ariso n of Fig. 4 with Fig. 3 shows clear ly 
that the EGF -trea ted ce lls a re not as tightly co nnec ted to the ir 
ne ighb orin g ce lls as is the case in the co nt ro ls. Did the authors 
obse rve changes in inte rce llul a r j unctions? 
Authors : In the EGF -trea ted cultur es the ce ll clu ste rs were 
thicke r and the ce lls were more round ed than in control cultur es. 
With the SEM the inte rce llul a r bound aries were more eas ily 
di sce rnibl e, and with the TE M the inte rce llular spaces appea red 
to be w ide r in the prese nce of the grow th facto r. T he des mo­
so mes, however, were morph o log ica lly the sa me und er both 
cultur e co nditi ons. We did not stud y se rial sec tions, so that it 
is not poss ible for us to co mm ent with res pec t to changes in 
the numb er of des moso mes . 

Reviewer 4 : T he obse rvation that ep ide rm al grow th fr1ctor 
stimul ates fetal rat hepatocy tes to sec rete somatomed in in pri­
ma ry cul ture is inte rest ing. The effec t of EGF on the ,urfacc 
mo rphology of these ce lls co uld be be tte r docu men ted. how­
eve r. by quan titating the obse rvations. 
Author s: T han k yo u for your ins ightful co mm ents. We rea lize 
that objec tive measurements would strengthen our da ta , and we 
plan to investiga te thi s aspect of the work in the futur e. 

Reviewer 4: It would be very imp ortant to know how reprod u­
c ible these res ults a re. 
Author s : Th e phys io log ica l exper iments have bee n do ne on 
numero us occas ions. and the results are quit e reprod uc ible. The 
mor ph o logica l expe rim ents util iz ing bot h sca nnin g and trans­
m iss ion elec tron microsco py were pe rformed tw ice. T he resu lts 
we re esse ntially the sa me bo th tim es. 
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