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Abstract. A Golgi complex rich-fraction containing both N-acetylglucosamine galac- 
tosyltransferase and kallikrein activity has been isolated from kidney of rats previously 
treated with colchicine, a secretion inhibitor, followed by the administration of high-sodium 
solutions, to stimulate biosynthesis or activation of renal kallikrein. After the treatment, 
N-acetylglucosamine galactosyltransferase and kallikrein activities were increased in the 
Golgi complex, about 18- and 24-fold, respectively, as compared to the homogenate. Low 
kallikrein activity was found in the crude light mitochondria1 fraction from treated animals, 
whereas a high level of activity was observed in the microsomal fraction. The inverse 
situation was found in rats treated only with high-sodium solution. Results suggest that 
kallikrein is probably transported by microsomal elements, particularly by the Golgi com- 
plex. Furthermore, the evidence seems to indicate that the kallikrein activity reported in the 
plasma membrane and/or in the lysosomal fraction is due to kallikrein secretion, in the form 
of intact granules, which have sedimented with these two fractions. 

Glandular kallikreins are a group of related 
kinin-forming enzymes present at least in 
the major exocrine glands and in the kid- 
ney. Previous studies on the role of the kal- 
likrein- kinin system in the kidney identify 
kinins as potent vasodilators which cause 
natriuresis and diuresis when injected into 
the renal artery (1). 

It is known that urinary kallikrein is a 
glycoproteic enzyme and that the renal kal- 
likrein is secreted into the urine at the level 
of the distal tubule (2, 3). Moreover, both 
the renal and urinary enzymes are im- 
munologically and electrophoretically sim- 
ilar (4). Renal kallikrein is also a glycopro- 
tein and it is found in cells in the form of 
dense granules, which are transported to 
the extracellular space by some undefined 
mechanism by microsomal elements (5) .  

The localization of renal kallikrein is 
subject of dispute. Some authors refer it to 
the lysosomal fraction (6, 7), others to the 
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microsomal fraction (8, 9), and still others 
to the plasma membrane fraction of kidney 
homogenates (10). In an attempt to clarify 
the apparently conflicting findings, we have 
isolated and characterized different sub- 
cellular fractions from rat kidney, using 
both differential and density gradient cen- 
trifugation techniques. Our approach was 
to increase the intracellular amount of kal- 
likrein by a combination of two treatments: 
salt loading, that we showed increases the 
activation or the biosynthesis of this en- 
zyme ( 1 1), and colchicine treatment, that 
inhibits the liver secretion by a reduction of 
the microtubule content of the cells (12, 13). 

Our results indicate that Golgi complex 
participates in the intracellular transport 
and probably in the biosynthesis and/or ac- 
tivation of renal kallikrein. 

Material and Methods. Female Sprague - 
Dawley rats, 200 to 300 g, fed ad libitum 
were used. Animals were treated with col- 
chicine and then loaded with a 0.342 M 
saline solution a t  5% body weight by 
gavage (14). The unanaesthetized animals 
were decapitated 2, 4, 8, and 10 min after 
treatment, then exsanguinated, and their 
kidneys quickly removed, decapsulated, 
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and collected in ice-cold 0.25 M sucrose. 
Colchicine was given ip by way of two 
consecutive injections, 60 and 15 min be- 
fore killing the animals. Two doses of 
colchicine were used in two groups of rats: 
0.5 and 1.0 mg per 100 g body weight, re- 
spectively. UDP-Gal (Calbiochem, Los 
Angeles, Calif.) and UDP-Gal uniformly 
labeled with 14C in the sugar moiety (New 
England Nuclear Corp., Boston, Mass.) 
were used. The latter was diluted with car- 
rier to a specific activity of about 1 mCi/ 
nmole. 

Cell fractions were prepared from a pool 
of kidneys blotted, weighed, and minced 
with scissors. Centrifugations were carried 
out in Beckmann ultracentrifuge, and all 
operations were carried out at 0-4". The 
Golgi complex fraction was prepared by the 
method previously described (13 ,  with 
some modifications. About 10 g of minced 
tissue was suspended in 2 vol of 52% su- 
crose containing 0.1 M sodium phosphate, 
pH 7.1, and homogenized with three full 
strokes at 1000 rpm using a 50-ml glass 
Potter-Elvehjem type homogenizer with 
an i.d. of exactly 1 in and a Teflon pestle 
machined to a diameter of 0.974 in. The 
homogenization was repeated using a pestle 
with a diameter of 0.982 in. The homoge- 
nate was filtered through four layers of 
cheesecloth and adjusted to 43.7% sucrose 
with homogenizing medium. Seven to nine 
milliliters of homogenate were placed in a 
tube and overlaid with sufficient 37.8% su- 
crose to bring the total volume to 15.4 ml. 
This was then successively overlaid with 
6.3 ml of 36% sucrose then with 6.3 ml of 
33% sucrose and finally with 7 ml 2% su- 
crose. The step gradient was then centri- 
fuged for 60 min at 25,000 rpm in a SW 25.1 
rotor. The Golgi complex rich-fractions 1 
and 2 were obtained from the material ap- 
pearing at the 29/33% and 33/36% sucrose 
interfaces, respectively. The fractions were 
diluted with 1/2 vol of cold distilled water 
and the membranes recovered by centrifu- 
gation at 30,000 rpm for 1 hr in a 30 rotor. 

The light crude mitochondrial, the light 
mitochondrial, and the microsome fractions 
were prepared by the methods of Stein et 
al. (16) as modified by Fleischer and Ker- 

vina (17). About 10 g of minced tissue was 
suspended in 4 vol of 0.25 M sucrose solu- 
tion containing 0.01 M Hepes, pH 7.4, and 
homogenized with three full strokes at 1000 
rpm using a 50-ml Potter-Elvehjem type 
homogenizer (i.d. of glass vessel, 1 in) and 
a Teflon pestle machine to a diameter of 
0.974 in and followed with three full 
strokes with a pestle machined to 0.988 in. 
The homogenate was filtered through a 
1 10-mesh nylon monofilament bolting 
cloth. The homogenate was differentially 
centrifuged, and a low spin pellet (lOOOg for 
10 min), a light crude mitochondrial, a mi- 
crosomal, and a soluble fraction were suc- 
cessively isolated. The light mitochondrial 
fraction was obtained by further purifica- 
tion of the crude fraction resuspended in 
0.25 M sucrose-0.01 M Hepes-0.001 M 
EDTA, pH 7.4, and recentrifuged for 10 
min at 18,000 rpm in a 40 rotor. The upper 
light portion (mostly heavy microsomes) of 
the pellet was separated and discarded. The 
lower brown portion, enriched in mito- 
chondria, was resuspended in the same so- 
lution and centrifuged again for 10 min at 
14,000 rpm with the same rotor. The re- 
sidual upper layer was again removed. A 
lysosomal fraction was obtained from the 
light crude mitochondrial fraction by step 
sucrose gradient centrifugation according 
to the method of Maunsbach (18). The frac- 
tion, resuspended in 0.3 M sucrose-0.001 
M EDTA, pH 7.0, was layered on a linear 
sucrose gradient (0.3-2.1 M) containing 
0.001 M EDTA and was centrifuged for 180 
min at 24,500 rpm in a SW 25.1 rotor. The 
most dense band is enriched in lysosomes. 

Microsomes were further fractionated 
into a smooth and a rough fraction by a 
modification (17) of the method of Dallner 
(19) as described for liver. Microsomes, re- 
suspended with 0.25 M sucrose-0.015 M 
CsCl solution, were layered into tubes 
containing 1.3 M sucrose-0.015 M CsCl 
and centrifuged for 180 min at 49,000 rpm in 
a 50 rotor. The rough microsomes sediment 
as a pellet and the smooth microsomes re- 
main at the interface. 

Glucose-6-phosphatase was determined 
according to the method of Swanson (20), 
except that incubations were carried out for 
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5 and 10 min. Succinate-cytochrome c re- 
ductase activity was determined as previ- 
ously described (2 1). Acid phosphatase 
activity, using P-glycerophosphate as 
substrate, was measured by the method of 
Besseys et al. (22), except that inorganic 
phosphate was measured using the method 
of Chen et al. (23). Galactosyltransferase 
was determined as previously described by 
Fleischer (24). 

Kallikrein activity was measured using 
two different methods: 

(a) By its stimulating effect on uterine 
contractility (25), using bradykinin as a 
standard. Activity is expressed as kallikrein 
equivalent to nanograms of bradykinin per 
milligram of protein. Trasylol (Aprotinin), 
was used as inhibitor of the stimulating ef- 
fect of the enzyme in the bioassay (25). 

(b) By the esterase activity shown by 
kallikrein, using benzoyl-L-arginine ethyl 
ester (BAEE) as substrate (6). The col- 
orimetric reaction was measured by the 
method of Brown (26) and expressed as 
micromoles BAEE hydrolyzed per minute 
per milligram of protein. 

Proteins were determined by Lowry’s 
procedure (27), using crystalline bovine 
serum albumin as a standard. Phosphorus 
was determined by the method of Chen et 
al. (23). 

Undiluted aliquots of the sucrose in- 
terphase containing the Golgi complex were 
fixed with l/lOth of 25% glutaraldehyde 
made up in 0.2 M sodium cacodylate at pH 
7.4, immediately after isolation from the 
step gradient. The other cell fractions were 
fixed by treating an aliquot with an equal 

volume of 5% glutaraldehyde in 0.25 M su- 
crose and 0.2 M sodium cacodylate, pH 7.4. 
After standing overnight in the refrigerator, 
the samples were centrifuged at 20,000 rpm 
for 15 rnin in a 40 rotor and the supernatant 
discarded. Pellets were then washed twice 
by suspension in 0.25 M sucrose and re- 
centrifuged. Finally the pellets were fixed 
with 1% osmium tetroxide, dehydrated, 
embedded, and sectioned as previously de- 
scribed (28). 

Results. The activity of kallikrein in kid- 
ney homogenate, in light crude mitochon- 
drial, and in microsomal fractions isolated 
by differential centrifugation, is shown in 
Table I. The kidney homogenate of loaded 
rats shows the highest kallikrein activity 8 
rnin after salt loading. This activity is five 
times higher than that obtained in non- 
loaded rats. Ten minutes after salt loading, 
the kallikrein activity shows only a twofold 
increase with respect to that of nonloaded 
rats. The activity measured 4 min after salt 
loading in light crude mitochondrial and in 
microsomal fractions, isolated from the 
same homogenate, increased 17- and 26- 
fold, respectively, as compared to the val- 
ues obtained in the same fractions from 
nonloaded rats. After 8 min of salt loading 
the corresponding values were increased 
56- and 42-fold, respectively. It is necessary 
to indicate that kallikrein activity in ho- 
mogenate as well as in light crude mito- 
chondrial and in microsomal fractions, from 
kidneys of rats sacrificed 2 ,4 ,8 ,  and 10 rnin 
after sham gavage submission, were similar 
to that of nonloaded rats. 

Table I1 describes the effect of a pre- 

TABLE I. RENAL KALLIKREIN ACTIVITY OF LIGHT CRUDE MITOCHONDRIAL AND MICROSOMAL FRACTIONS 
OBTAINED FROM SODIUM-LOADED RATS 

Fractions 

Homogenate Mitochondrial Microsomal 

Nonloaded rat 1.07 f 0.10 0.75 f 0.08 0.23 f 0.03 
2 min after treatment 2.87 2 0.29 1.97 2 0.16 0.72 2 0.08 
4 min after treatment 4.52 f 0.41 12.63 f 1.04 6.11 f 0.07 
8 rnin after treatment 5.39 f 0.52 42.30 f 2.97 9.80 f 1.06 

10 min after treatment 1.95 f 0.20 21.32 f 1.94 7.41 f 0.79 

Note. Results are mean values f SD of three experiments. Kallikrein activity is in each case expressed as 
kallikrein equivalent to ng of bradykinidmg of protein, determined by bioassay in cell fractions obtained from 
half of pooled kidneys of 10 loaded rats. 
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TABLE 11. DISTRIBUTION OF RENAL KALLIKREIN ACTIVITY I N  KIDNEY SUBCELLULAR FRACTIONS 
OBTAINED FROM SODIUM-LOADED RATS 

Salt loaded and colchicine 

Salt loaded 0.5 mg/100 g body wt 

Total protein Enzyme Total protein Enzyme Total protein Enzyme 
(mg) activity (mg) activity 0%) activity 

1.0 mg/100 g body wt 

~~ ~~~ 

Homogenate 763.8 4.52 614.6 4.3 1 694.1 4.47 
l0OQ? 
pellet 339.4 5.69 286.2 5.88 293.4 5.68 

Light crude 
mitochondrial 
fraction 78.9 12.63 60.2 3.61 79.9 1.92 

Ly sosomes 10.1 0.14 5.8 0.15 7.6 0.15 
Microsomes 61.1 6.11 60.5 10.11 59.2 18.72 
Supernatant 248.3 0.28 21 1.9 0.01 23 1.6 0.05 

~~ 

Note. Values are in each case the average of three experiments obtained in cell fractions from half the kidney 
pool of 10 salt-loaded rats, after 4 min of treatment. Kallikrein activity, measured by bioassay, is expressed as in 
Table I .  Supernatant is the fraction of the homogenate which does not sediment at 100,OOOg after 1 hr. 

treatment with two doses of colchicine and 
salt loading for 4 min, in the distribution of 
kallikrein activity in different fractions. The 
highest activities were found in the micro- 
somal fractions which increased nearly 
two- (0.5 mg colchicine) and threefold (1 .O 
mg colchicine). The inverse situation is ob- 
served in rats not treated with colchicine, 
which show a higher activity in the light 
crude mitochondrial fraction than in the mi- 
crosomal fraction. Since the composition of 
a subcellular fraction depends on the 
method of isolation, it should be indicated 
that the light crude mitochondrial fraction 
as well as the microsomal fraction, isolated 
by differential centrifugation, are mixed 
fractions. Thus, in addition to mitochon- 
dria, the light crude mitochondrial fraction 
includes lysosomes, granules, and heavy 
microsomes. On the other hand, the micro- 
somal fraction is mostly composed of frag- 
mented rough and smooth endoplasmic re- 
ticulum, including membranes of the Golgi 
complex. As shown in Table 11, in sodi- 
um-loaded rats, the pretreatment with 
colchicine induces an increase of activity in 
the microsomal fraction and a decrease in 
the light crude mitochondrial fraction. In 
spite of the different kallikrein content, the 
protein distribution in the different frac- 
tions is only slightly affected, even in rats 

treated with a high dose of colchicine. 
Furthermore, the low kallikrein activity in 
lysosomes, isolated from the light crude 
mitochondrial fraction, remains unaffected 
by the colchicine treatment (see Fig. 3). 

Figures 1 and 2 illustrate the morphology 
of the microsomal and the light crude mito- 
chondrial fractions obtained from sodi- 
um-loaded rats treated and not treated 
with 1.0 mg of colchicine, sacrificed 4 min 
after treatment with salt. A similar and 
typical morphology in both microsomal 
fractions is observed, consisting essentially 
of closed and empty vesicles, ruptured 
vesicles, membrane fragments, and vesicles 
marked by ribosomes attached to their 
membrane. On the other hand, the differ- 
ence in morphology between both mito- 
chondrial fractions is quite clear. Although 
both are rich in mitochondria, the fraction 
obtained from kidneys of rats not treated 
with colchicine shows a larger number of 
dense bodies than the one obtained from 
colchicine-treated rats. Since similar activ- 
ity of acid phosphatase was found in both 
fractions, we suggest that the difference in 
morphology observed is due to the pres- 
ence of granules of secretion or secretory 
vesicles. Thus, the light crude mitochon- 
drial fraction of colchicine-nontreated rats 
seems to be richer in granules or vesicles 
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FIG. 1 .  Electron micrograph of a microsomal fraction obtained from sodium-loaded rat kidney 
homogenate. (a) Untreated with colchicine x 16,480; (b) treated with colchicine, x 16,480. 
FIG. 2. Electron micrograph of a light crude mitochondrial fraction obtained from kidney homoge- 

nate of sodium-loaded rat. (a) Untreated with colchicine, x 17,600; (b) treated with colchicine x 17,600. 

than the mitochondrial fraction of col- 
chicine-treated rats. 

Table I11 illustrates the kallikrein activity 
of the microsomal fraction and its compo- 

nents, obtained from pooled kidneys of 10 
rats, treated with 1.0 mg of colchicine, and 
killed 4 min after sodium loading. Since 
most kallikrein activity resides in micro- 
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FIG. 3. Electron micrograph of a lysosomal fraction obtained from the light crude mitochondrial 
fraction of Fig. 2. (a) Untreated with colchicine, x 18,400; (b) treated with colchicine, X 18,400. 
FIG. 4. Electron micrograph of a Golgi complex-rich fraction (equivalent to fraction 1 + 2) obtained 

by step sucrose gradient of sodium-loaded rat kidney homogenate. (a) Untreated with colchicine, 
X 16,800; (b) treated with colchicine, x 16,800. 

somes (see Table 11), the enzyme was mea- 
sured in total microsomes as well as in mi- 
crosomes divided into smooth and rough 
fractions, obtained from half the pooled kid- 

neys. Kallikrein activity was also measured 
in the Golgi complex-rich fractions 1 and 2, 
obtained from the remaining half of the 
pooled kidneys. The kallikrein activity in 
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TABLE 111. RENAL KALLIKREIN ACTIVITY OF DIFFERENT COMPONENTS OF THE MICROSOMAL FRACTION OF 
S A LT-LO A DE D COLCH ICI N E-TRE ATE D RATS 

Colchicine 
(1.0 mg/100 g wt) 

Total protein 
0%) Enzyme activity 

Homogenate 
Microsomes 
Rough microsomes 
Smooth microsomes 
Golgi complex-rich fraction 1 
Golgi complex-rich fraction 2 
Supernatant 

672.0 
54.45 
39.94 
10.74 

1.74 
2.79 

220.42 

4.36 
18.83 
2.90 

70.24 
134.26 
175.35 

0.04 

Note. Fractions were isolated from the same pool of kidneys from 10 treated rats. Values are the mean of three 
experiments and are expressed as in Table I.  Total microsomes, smooth and rough microsomes, and the super- 
natant were obtained from half the pooled kidneys. The remaining tissue was used to isolate Golgi complex-rich 
fractions. The protein content of each fraction is referred to as the whole homogenate. 

the smooth microsome fraction was almost 
24-fold higher than that in the rough micro- 
some fraction. The activity in the smooth 
microsome fraction was almost four times 
higher than that in the total microsomes. 
The smooth microsome fraction (Table V) 
shows a galactosyltransferase activity 
which indicates a 12% of contamination 
with Golgi complex, from the transferase 
activity found in Golgi complex-rich frac- 
tion 2 (Table V). Golgi complex-rich frac- 
tions 1 and 2 have the highest kallikrein 
activity. The combined Golgi complex 
fractions contain 71 and 96% of the kalli- 
krein found in total microsomes and in 
smooth microsome fractions, respectively. 

TABLE IV. DISTRIBUTION OF RENAL ESTERASE 
ACTIVITY IN DIFFERENT COMPONENTS OF THE 

MICROSOMAL FRACTION OF SALT-LOADED 
COLCHICINE-TREATED RATS 

Fraction Esterase activity 

Homogenate 0.145 * 0.016 

Rough microsomes 0.160 f 0.014 

Golgi complex-rich fraction 1 1.800 f 0.150 

Supernatant 0.025 f 0.003 

Microsomes 0.280 * 0.019 

Smooth microsomes 0.970 * 0.010 

Golgi complex-rich fraction 2 1.905 f 0.186 

Note. Values represent the mean * SD of three prepara- 
tions obtained from 10 pooled, colchicine-pretreated, and 
sodium-loaded rat kidneys. Enzyme activity is expressed as 
pmole BAEE hydrolyzedmidmg of protein, at 37". 

In addition, the stimulating effect of the 
different fractions on uterine contractility 
were 100% sensitive to trasylol. 

A similar distribution of activities in all 
the mentioned fractions was obtained when 
the activity of esterase was determined, as 
is shown in Table IV. Again, in animals 
previously treated with colchicine, the two 
Golgi complex fractions show the highest 
level of kallikrein activity. 

Since the Golgi complex-rich fractions 
have low yields of proteins, both assays 
used to measure activity of kallikrein were 
not sufficiently sensitive to measure it in 
Golgi complex-rich fractions of nonloaded 
rats, in the absence of an enzymatic induc- 
tion. For this reason we could not measure 
it in these fractions. 

Since the amount of protein in the Golgi 
complex fractions 1 and 2 was rather low, 
both fractions were combined. The mor- 
phologies are shown in Fig. 4, and indicate 
that they derive predominantly from the 
Golgi complex. The Golgi complex fraction 
from colchicine-treated rats seems to con- 
tain more loaded Golgi complex elements. 

As shown in Table V, the Golgi com- 
plex-rich fractions 1 and 2, isolated from 
sodium-loaded rat kidneys, were enzy- 
matically unique compared to other pu- 
rified cell fractions (see Fig. 5) .  Thus, these 
fractions exhibit the highest level of activ- 
ity for galactosyltransferase, and appear 



228 GOLGI COMPLEX A N D  KALLIKREIN EXCRETION 

U 

v) 

< 

I / )  

0 
u 
.- 
C 

e 
U 

c 
c .- 
3 

p h  
G Z  

to be about 70 and 75% pure, respec- 
tively. 

The glucose-6-phosphatase activity pres- 
ent in smooth microsomes shows that the 
Golgi complex fractions contain about 15 to 
20% endoplasmic reticulum contamination. 
The acid phosphatase activity indicates that 
they are contaminated 3 to 8% with lyso- 
somes. Succinate cytochrome c reductase 
activity suggests that they are also con- 
taminated ( 1  to 4%) with mitochondria. 
From the galactosyltransferase activity 
found in Golgi complex-rich fraction 2, it 
appears that smooth and the total micro- 
soma1 fractions are contaminated with the 
Golgi complex, about 9 and 12%, respec- 
tively. On the other hand, the level of acid 
phosphatase activity in the light mitochon- 
drial fraction appears to indicate a 28% 
contamination with lysosomes. 

The same marker enzymes, in purified 
subcellular fractions of sodium-loaded rats 
and sodium-loaded rats pretreated with low 
and high doses of colchicine were mea- 
sured, and the activities did not differ sig- 
nificantly from the values presented in 
Table V. In general, the values illustrated in 
this table are quite similar to the specific 
activity of the same marker enzymes of 
purified organelles isolated from untreated 
or from unloaded rat kidneys (29). 

Discussion. Due to previous evidence 
suggesting different sites of subcellular 
localization of kallikrein biosynthesis and 
secretion we focused our efforts on local- 
izing the organelles possibly involved in 
the biosynthesis and/or activation of renal 
kallikrein. In order to analyze the con- 
flicting evidence available on the subject, 
we have isolated different subcellular 
fractions from kidneys of rats submitted to 
two different treatments. Our purpose was 
to inhibit the secretion process and to ob- 
tain an increase in renal kallikrein content. 

As we reported previously (11) acute 
NaCl loading induces in the rat a rapid and 
considerable increase of renal kallikrein 
that could be due to the existence of a 
sodium receptor in the gastrointestinal tract 
or to a rapid change in the release mecha- 
nism of renal kallikrein following sodium 
absorption. 
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FIG. 5. Electron micrograph of a purified fraction obtained by fractionation of a kidney homogenate 
from a sodium-loaded rat. (a) Mitochondria-rich fraction, x 19,200; (b) smooth microsome-rich frac- 
tion, ~25,600; (c) rough microsome-rich fraction, ~29,600. 

Our present results demonstrate that 
subcellular fractions, isolated by differen- 
tial centrifugation from sodium-loaded ani- 
mals not treated with colchicine (Table I), 

have a high activity of kallikrein in the 
crude light mitochondria1 fraction. This 
fraction has a significant lysosomal con- 
tamination as is indicated by its acid phos- 
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phatase activity (Table IV). Based on the 
phosphatase activity, our results agree with 
those obtained by Carvalho and Diniz (6) 
and Baggio el al. (7). These authors postu- 
lated that lysosomes are the site where 
most of the kallikrein activity resides. 
However, results obtained by Chiang et al. 
(30) and Geipert and ErdOs ( 5 )  suggest that 
kallikrein is secreted into the extracellular 
space in the form of dense granules and 
probably through fusion with the plasma 
membrane. Our studies seem to indicate 
that this mechanism may also occur in kid- 
ney cells. When using colchicine, a secre- 
tion inhibitor that does not interfere with 
the protein transport from the rough endo- 
plasmic reticulum to the Golgi complex 
(13), the enzyme activity was recovered in 
the microsomal fraction, specifically in the 
Golgi complex-rich fraction. This indicates 
that the action of colchicine at the Golgi 
complex level may affect the secretion of 
granules containing kallikrein . Moreover, 
the acid phosphatase activity remains un- 
affected by colchicine treatment, indicating 
that lysosomal contamination in the light 
crude mitochondria1 fraction of nontreated 
and colchicine-treated rats was similar. The 
fact that high kallikrein activity appears in 
the microsomal fraction after colchicine 
treatment is in agreement with results ob- 
tained by Nustad and Rubin (9). These au- 
thors have reported that kallikrein is mainly 
localized in this membranous fraction. Mi- 
crosomes, isolated according to our proce- 
dure (29), mostly include fragmented rough 
and smooth endoplasmic reticulum as well 
as Golgi complex membrane. For this rea- 
son, we associate the site of biosynthesis 
and/or activation of kallikrein with the 
Golgi complex. 

Studies by Redman (13) have shown that 
colchicine, administered to whole rat, 
blocks the secretion of serum albumin in rat 
liver cells blocking the release of this com- 
ponent from the Golgi complex. Our data 
suggest that colchicine administered to 
whole animal also blocks the release of kal- 
likrein from this organelle in kidney cells. 
Carvalho and Diniz (6) and Baggio et al. (7) 
reported a high level of kallikrein activity in 
the lysosomal fraction. We suggest that 

their results can be explained by the fact 
that kallikrein is secreted as secretory 
granules, which are physicochemically 
similar to the kidney lysosomes, and that 
after homogenation both sediment together. 

Renal kallikrein is a glycoprotein with a 
yet not determined carbohydrate sequence. 
Nevertheless, it is clear that glycoproteins 
are synthesized in the rough endoplasmic 
reticulum (peptidic backbone), and then 
transported to the Golgi complex (31). In 
this last organelle, sugars are added step- 
wise to the nonreducing end of the carbo- 
hydrate chains of the glycoprotein, by the 
specific action of galactosyl or syalyl 
transferase, using nucleotide sugar glyco- 
syl as donors (32). It is most likely that 
kallikrein is not only concentrated but also 
modified in the Golgi complex by the addi- 
tion of a terminal sugar. 

The evidence offered in this paper sup- 
ports the idea that kallikrein is transported 
within renal cells by a system of secretory 
vesicles derived from the Golgi complex. 
Our data also suggest that lysosomes may 
not play an important role in this process. 
On the other hand, since our data indicate 
that kallikrein activity is present in micro- 
somes, and particularly in the Golgi com- 
plex, the biosynthesis and/or activation of 
renal kallikrein seems to occur in these or- 
ganelles. 

Finally, our results provide a feasible ex- 
planation for the apparently conflicting re- 
sults on the sites of renal kallikrein biosyn- 
thesis and/or activation. 
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