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To investigate the mechanism of adaptive response of intestinal aminopeptidase on the dietary protein level, we 
determined the aminopeptidase activiO' and mRNA level in the intestinal mucosa of rats with different dietary 
protein levels. In the first experiment, the specific activity of aminopeptidase in the homogenate of  intestinal 
mucosa fi'om rats fed a 60% casein diet for 7 days was significantly higher than that from rats fed a 20% casein 
diet. A larger difference between the two groups was observed in the ileum than in the jejunum. In contrast to 
aminopeptidase, the specific" activity of sucrase in the ileum of rats fed a 60% casein diet was significantly lower 
than that of rats fed a 20% casein diet. The activities of sucrase in the jejunum and alkaline phosphatase in the 
jejunum and ileum did not change between the m'o groups. Northern blot analysis of intestinal RNA using 1.1 
kb aminopeptidase N cDNA as a probe did not show a significant difference in the level of aminopeptidase N 
mRNA between two dietary groups. In the next experiment, the aminopeptidase activity and mRNA level in the 
ileal mucosa were determined in rats fed O, 10, 20, 40, and 60% casein diets for 7 days. While the .spec!fic 
activity of  aminopeptidase increased in response to the dietar)_ • protein level, sucrase and alkaline phosphatase 
activities did not change. However, we did not observe any change in the level of  ileal aminopeptidase N mRNA 
in all groups, and there was no significant correlation between the specific activit), and the mRNA abundance. 
These data indicate that the catalytic activity of intestinal aminopeptidase responds to the dietary protein level, 
but the level of mRNA is preserved even under the protein malnourished condition. The data also suggest that 
translational and~or posttranslational regulations .for the expression of  intestinal aminopeptidase are necessary 
./br the rapid response to changes in intraluminal nutrients. (J. Nutr. Biochem. 5:291-297, 1994.) 
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Introduction 

Aminopeptidase,  which liberates amino acids from the N- 
terminus of  ol igopeptidesJ is located in the brush border 
membrane of  enterocytes and plays an important role in the 
final stages of protein d iges t ionY The catalytic activity of 
this enzyme increases with feeding a high-protein diet, 4~' 
and the increase corresponds with the increase in the amount 
of aminopeptidase molecu les )  Its synthesis is regulated by 
intraluminal peptide nutrients. 7 In this adaptive response of  
aminopeptidase, however, the regulatory mechanisms in the 
level of gene expression have not been well documented. 

In this report, we measured the activity and mRNA abun- 
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dance of  intestinal aminopeptidase in rats fed diets con- 
taining different levels of protein. Thus, the purpose of  our 
study was to determine whether the adaptive response of 
intestinal aminopeptidase to dietary protein level is con- 
trolled at the pretranslational level. 

Methods and materials 

M a t e r i a l s  

Tris, mannitol, sucrose, p-nitrophenyl phosphate, Glucose-B-Test 
Wako, phenol, chloroform, and formaldehyde were purchased from 
Wako Pure Chemical Industries (Osaka, Japan); leucine-p-nitroani- 
lide from Sigma Chemical Co. (St Louis, MO USA); p-hydro×y- 
mercuri benzoic acid (PHMB) from Aldrich Chemical Co. 
(Milwaukee, WI USA); guanidium thiocyanate from Fluka (Buchs, 
Switzerland); GeneAmp RNA PCR kit from Perkin Elmer Cetus 
(Norwalk, CT USA); agarose (SeaKem ME) from Takara (Kyoto, 
Japan); Silver Sequence DNA Sequencing Reagents and Staining 
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Reagents from Promega (Madison, WI USA); DIG-DNA labeling 
kit and DIG-luminescent detection kit from Boehringer Mannheim 
(Mannheim, Germany); Hybond N + from Amersham International 
plc. (Amersham, UK). 

Animals and diets 

Male Wistar rats (Japan SLC Inc., Hamamatsu, Japan), 5 weeks 
old at the start of the experiment, were housed in individual cages 
in a temperature-controlled (23 + 2 ° C) room under a 12-hr light/ 
dark cycle (light: 8:00-20:00). All rats were fed a 20% casein diet 
(Table l) for 3 days prior to two experiments. In experiment 1, 
rats weighing 113 _+ 2 g (n = 12) were divided into two groups, 
one of which was fed a 20% casein diet and the other a 60% casein 
diet (Table l) ad libitum for 7 days. In experiment 2, rats weighing 
114 _+ 2 g (n = 30) were divided into five groups, and each group 
was fed a 0, 10, 20, 40, or 60% casein diet (Table 1) ad libitum 
for 7 days. On the last day of each experimental period, rats were 
decapitated without prior fasting, the small intestine was immedi- 
ately removed, and the luminal contents were washed out with 20 
mL of ice-cold saline. In experiment l, the intestine was suspended 
vertically and two 10-cm portions of the intestine were excised, 
one at 10 cm distal from the ligament of Treitz (jejunal segment) 
and the other 30 cm proximal from the ileocecal valve (ileal seg- 
ment), and stored at - 4 5  ° C for enzymatic analyses. For RNA 
isolation, two other 10-cm portions were excised just distal from 
jejunal and ileal segments used for enzymatic analyses, and the 
mucosa was scraped off with slide glass and stored at - 8 0  ° C 
until RNA extraction. In experiment 2, only the ileal segment used 
for enzymatic analyses and RNA extraction was excised. 

The study was approved by the Hokkaido University Animal 
Use Committee, and animals were maintained in accordance with 
the guidelines for the care and use of laboratory animals of Hok- 
kaido University. 

Enzymatic analyses 

The mucosa was squeezed from the intestinal segments after thaw- 
ing and gently homogenized in ice-cold 50 mM mannitol/2 mM 
Tris-HCl buffer pH 7.1 with a Potter-Elvehjem homogenizer. With 
these mucosal homogenates, activity of three enzymes and contents 
of protein and DNA were determined. Aminopeptidase activity 

Table 1 Composition of diets ~ 

Dietary casein level (%) 0 10 20 40 60 
Dietary components 

g/100g 
Casein ~' 0.0 10.0 20,0 40,0 60.0 
Sucrose 89.7 79.7 69.7 49,7 29.7 
Corn oiF 5.0 5.0 5.0 5.0 5.0 
Mineral mixture ° 4.0 4.0 4.0 4.0 4.0 
Vitamin mixture ~ 1.0 1,0 1,0 1,0 1.0 
Vitamin E ~ 0.1 0.1 0.1 0.1 0.1 
Choline chloride 0.2 0.2 0.2 0.2 0.2 

aRats were fed the 20 and 60% casein diets in experiment 1 ; and 0, 
10, 20, 40, and 60% casein diets in experiment 2. 
bCasein (ALACID; New Zealand Dairy Board, Wellington, New Zealand). 
cRetinyl palmitate (7.66 t~mol/kg diet) and ergocarciferol (0.0504 t~mol/ 
kg diet) were added to the corn oil. 
c'The mineral mixture is identical to MM2 described by Ebihara et al)  
~The vitamin mixture was prepared in accordance with the AIN-76 
mixture, 9 except vitamin K as menadione and L-ascorbatic acid were 
added to give 5.81 p, mol/kg ~° and 284 l~mOl/kg 11 of diet, respectively. 
Witamin E (Granulated, Juvela, Eisai Co., Tokyo, Japan) supplied 423 
t~mol all-rac-c~-tocopheryl acetate in kg diet. 
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was measured using leucine-p-nitroanilide as a substrate '2 in the 
presence of 0.5 mM PHMB, a known inhibitor of the cytosolic 
peptidases. 4 Sucrase activity was measured using sucrose as a sub- 
strate, '~ and the amount of glucose released was measured by 
Glucose-B-Test (Wako) (kit for glucose oxidase method). Alkaline 
phosphatase activity was measured using p-nitrophenyl phosphate 
as a substrate. '4 The contents of protein and DNA were determined 
by the methods of Lowry et al. '~ and Brunk et al.," respectively. 

PCR amplification of  rat intestinal aminopeptidase N 
cDNA and sequencing 

According to the method of Cohen et al., '7 an upstream primer 
(5 ' -CTGAATGATGTGTACCGTGTG-3')  and a downstream 
primer (5 ' -GCAGTAGACAGTAGACCGAAG-3 ' )  were synthe- 
sized with 380B DNA Synthesizer (Applied Biosystems Japan, 
Tokyo, Japan). Either ileal total RNA or kidney total RNA were 
used for reverse transcription-polymerase chain reaction (RT-PCR) 
as the template. Those RNA were prepared from ileal mucosa 
and kidney of adult male Sprague-Dawley rat (Japan SLC Inc., 
Hamamatsu, Japan) as described below. PCR amplification was 
carried out using GeneAmp RNA PCR kit as described by Cohen 
et al. ~7 Ten percent of the individual PCR products were then 
electrophoresed on a 1% agarose gel '~ and visualized by ethidium 
bromide staining. 

Partial sequencing of the PCR products from rat ileal RNA by 
dideoxy chain termination reactions was carried out using Silver 
Sequence DNA Sequencing Reagents. Incubation was carried out 
at 95 ° C for 2 rain for denaturation followed by 60 cycles of PCR 
consisting of denaturation at 95 ° C for 30 sec, and annealing/ 
extension at 70 ° C for 30 sec. Samples were then electrophoresed 
on an 8% polyacrylamide gel using a 20 × 45 cm Takara DNA 
sequencing electrophoresis unit, and detection was carried out using 
Silver Sequence DNA Staining Reagents according to the manufac- 
turer's instructions. 

RNA isolation and Northern blot analysis 

Total RNA was isolated by the acid guanidium-phenol-chloroform 
method'* from intestinal mucosa. Samples of total RNA (15 ~g/ 
lane in experiment I and l0 p~g/lane in experiment 2) were electro- 
phoresed on denaturing 2.2 M formaldehyde, 1% agarose gel '~ 
and transferred to nylon membrane (Hybond N +) .  Blots were 
hybridized with the 1.1 kb aminopeptidase N cDNA prepared by 
the PCR amplification as described above. Labeling of the probe 
was carried out using a nonradioisotopic system (DIG-DNA label- 
ing kit), and prehybridization, hybridization, and detection were 
carried out with DIG-luminescent detection kit as recommended 
by the manufacturer. After the detection, each filter was then se- 
quentially rehybridized with the rat [3-actin cDNA -'° and the detec- 
tion was carried out similarly. The relative abundance of mRNA 
was estimated by densitometry (Dual-Wavelength Flying-Spot 
Scanner CS-9000, Shimadzu) with the x-ray film. 

Statistical analysis 

Results were expressed as means _+ SE and the statistical compari- 
sons of the mean were done by Student's t test in experiment I 
and by Duncan's multiple range test in experiment 2. 

Results 

In e x p e r i m e n t  1, the total  food  in take  of  rats fed 20% casein  
diet  was  s imi la r  to tha t  of  rats fed 60% case in  diet,  and there  
was also no  s ign i f ican t  d i f fe rence  in the f inal  body  weigh t  
be tween  the two die tary  g roups  (Table 2). In e x p e r i m e n t  2, 
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the total food intake of rats fed the 0% casein diet was 
significantly lower than that of rats fed the other four diets, 
and the intake of rats fed the 10% casein diet was also 
significantly lower than that of rats fed the 20, 40, and 60% 
casein diets. There was no significant difference in the total 
food intake between the 20, 40, and 60% casein diet-fed 
groups. The body weight of rats the fed 0% casein diet 
decreased for the experimental period, and that of rats fed 
the 10% casein diet maintained the initial level. Rats fed 
20, 40, and 60% casein diets gained body weight well (Table 
2). Thus, rats fed 0% and 10% casein diets were protein 
malnourished. 

As shown in Table 3, there was also no diet-dependent 
difference in the contents of protein and DNA and the protein 
to DNA ratio in jejunal and ileal mucosa in experiment 1. 
Reflecting the body weight gain in experiment 2, however, 
the mucosal protein content in ileal segment of rats fed 0% 
and 10% casein diets was significantly lower than that of 
rats fed 20, 40, and 60% casein diets, and total DNA content 
in the ileal mucosa of rats fed 0 and 10% casein diets was 
significantly lower than that of rats fed 40 and 60% casein 
diets (Table 4). The ratio of protein content to DNA content 
tended to inversely decrease as the protein level in the diet 
was increased. There was no difference in those parameters 
in the ileal mucosa among the 20, 40, and 60% casein diet- 
fed groups. 

Table 5 shows the specific activities of aminopeptidase, 
sucrase, and alkaline phosphatase in the homogenate of intes- 
tinal mucosa in experiment 1. We observed the adaptive 

increase in aminopeptidase activity both in jejunal and ileal 
segments of rats fed the 60% casein diet. However, the 
response in jejunal segment (19% higher than the 20% casein 
diet, P < 0.05) was smaller than that in ileal segment (41% 
higher than 20% casein, P < 0.01). In contrast, the sucrase 
activity in the ileal segment of rats fed the 60% casein diet 
was significantly lower than that of rats fed the 20% casein 
diet. The activities of sucrase in the jejunal segment and 
alkaline phosphatase in the jejunal and ileal segment were 
not significantly different between the two groups. In experi- 
ment 2, we observed the adaptive increase in aminopeptidase 

Table 4 Effect of dietary protein level on protein content, DNA content, 
and protein/DNA ratio in homogenate of ileal mucosa of rats in 
experiment 2 

Dietary 
casein level Protein DNA Protein/DNA 

(%) (mg/10 cm (mg/1O cm 
segment) segment) 

0 25.1 ,+ 1.9 a 0.55 _+ 0.07 a 47.1 _+ 3.1 a 
10 28.0 + 2.2 a 0.68 _+ 0.10 ab 43.8 _+ 3.7 ab 
20 32.8 ,+ 1.1 ° 0.80 _+ 0.05 b° 41.7 _+ 2.1 ab 
40 33.0 + 0.8 b 0.88 _+ 0.04 ° 37.7 _+ 1.6 ° 
60 33.4 ,+ 1.2 b 0.90 ,+ 0.05 ° 37.3 _+ 0.9 b 

Within a column, values with different superscripts are significantly 
different among the dietary groups (P < 0.05). Values are means + 
SE, n - 6 per group. 

Table 2 Effect of dietary protein level on food intake and body weight of rats fed each test diet for the experimental period (7 days) 

Experiment 1 Experiment 2 

Food intake Body weight Food intake Body weight 
Dietary casein level Initial Final Initial Final 

(%) (g/7 days) (g) (g/7 days) (g) 

0 - -  - -  - -  44 _+ 5 a 114 _+ 2 94 _+ 1 a 
10 - -  - -  - -  63 + 3 ~ 114 _+ 2 117 +_ 3 b 
20 100 _+ 3 113 + 2 161 _+ 3 93 _+ 3 ~ 114 +_ 3 159 _+ 4 c 
40 - -  - -  - -  96 _+ 3 ° 114 _+ 2 167 + 3 d 
60 94 _+ 3 113 ,+ 2 164 _+ 3 89 +_ 2 c 114 _+ 2 160 _+ 3 c 

Within a column, values with different superscripts are significantly different among the dietary groups (P < 0.05). Values are means _+ SE, n = 6 
per group. 

Table 3 Effect of dietary protein level on protein content, DNA content, 
and protein/DNA ratio in homogenate of intestinal mucosa of rats in 
experiment 1 

Table 5 Effect of dietary protein level on specific activities of 
aminopeptidase, sucrase, and alkaline phosphatase in homogenate of 
intestinal mucosa of rats in experiment 1 

Dietary Dietary Alkaline 
Tissue casein level Protein DNA Protein/DNA Tissue casein level Aminopeptidase Sucrase phosphatase 

(%) (mg/10 cm (mg/10 cm (%) (mU/mg protein) 

segment) segment) Jejunum 20 44.0 _+ 2.3 68.5 +_ 1.6 4642 _+ 527 
Jejunum 20 34.2 +_ 1.5 0.93 _+ 0.07 37.0 _+ 1.3 60 52.4 +_ 3.2* 62.4 +_ 4.2 3829 +_ 375 

60 34.5 _+ 1.1 0.93 _+ 0.03 37.1 +_ 1.0 Ileum 20 51.2 _+ 1.5 24.3 _+ 1.6 517 _+ 137 
Ileum 20 30.9 _+ 0.7 0.95 _+ 0.06 33.0 _+ 1.6 60 75.1 _+ 1.4"* 15.7 +_ 1.0"* 367 +_ 30 

60 29.4 _+ 1.0 0.95 _+ 0.06 31.4 _+ 1.6 

Values are means _+ SE, n = 6 per group. 
Values are means _+ SE, n = 6 per group. *P < 0.05, **P < 0.01 as 
compared with 20% casein diet-fed group in each segment. 
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activity in response to the level of dietary protein (Table 6). 
Compared with the 0% casein diet-fed group, the specific 
activity of aminopeptidase in ileal mucosa of rats fed 10, 
20, 40, and 60% casein diets was 33, 58, 100, and 138% 
higher, respectively, and there were statistically significant 
differences among all groups. In contrast, the activities of 
sucrase and alkaline phosphatase were not significantly dif- 
ferent among all groups. 

Figure 1 shows the results of amplification of rat ileal and 
kidney total RNA using oligonucleotide primers designed by 
Cohen et al. ~7 The products were of the expected 1.1 kb 
lengths based on the distance between the primers. Sequenc- 
ing of the first 113 bp at the 5' end and 183 bp at the 3' 
end of the PCR product from rat ileal total RNA revealed 
it to have 100% identity with kidney aminopeptidase N. -~ 
These results suggest that the PCR product from ileal total 
RNA represents the aminopeptidase N eDNA. 

Figure 2 shows the representative Northern blot of intesti- 
nal RNA. A single transcript hybridized with 1.1 kb amino- 
peptidase N cDNA probe was detected in experiments 1 and 
2. The relative abundance of aminopeptidase and [3-actin 

Table 6 Effect of dietary protein level on specific activities of 
aminopeptidase, sucrase, and alkaline phosphatase in homogenate of 
ileal mucosa of rats in experiment 2 

Dietary 
casein level Aminopeptidase Sucrase Alkaline phosphatase 

(%) (mU/mg protein) 

0 29.4 _+ 2.5' 20.1 ± 2.0 213 ± 55 
10 39.1 + 2.9 ~ 17.8 + 1.4 345 ± 68 
20 46.4 _+ 1.0' 18.9 _+ 1.5 394 ,+ 62 
40 58.9 ,+ 1.6 ~ 19.4 _+ 2.5 384 ,+ 65 
60 70.0 +_ 3.1 ~ 20.2 _+ 3.3 382 ,+ 100 

Within a column, values with different superscripts are significantly 
different among the dietary groups (P < 0.05). Values are means + 
SE, n = 6 per group. 

kb 
2.69 
1.88 
1.49 

0.925 1 . lkb 

Figure 1 Agarose gel electophoresis of PCR products. Ileal and kid- 
ney total RNA from adult male Sprague-Dawley rats were used for PCR 
amplification as the template. Ten percent of each reaction product 
was then electrophoresed on a 1% agarose gel and visualized by 
ethidium bromide staining. 
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Figure 2 Representative Northern blots of intestinal RNA. Upper: 
experiment 1, lower: experiment 2. Total RNA (15 and 10 tzg/lane in 
experiment 1 and experiment 2, respectively) isolated from intestinal 
mucosa of rats was electrophoresed on a denaturing 2.2 M formalde- 
hyde, 1% agarose gel/" transferred to a nylon membrane (Hybond 
N +), and then probed with 1.1 kb aminopeptidase N cDNA "~ labeled 
with DIG-DNA labeling kit (Boerhinger Mannheim). Prehybridization, 
hybridization, and detection were performed with DIG-luminescent de- 
tection kit (Boerhiger Mannheim). The blot was sequentially rehybridized 
with the rat !8-actin cDNA. 2° The positions of the 18S and 28S ribosomal 
RNA are shown. 



Intestinal aminopeptidase activity and mRNA level: Sonoyama, Kiriyama, and Niki 

mRNA estimated by densitometry with x-ray films and the 
ratio of  aminopeptidase mRNA to [3-actin mRNA in experi- 
ment 1 are shown in Table 7. We could not observe diet- 
dependent differences in the levels of aminopeptidase 
mRNA, 13-actin mRNA, nor in the ratios of aminopeptidase 
mRNA to [3-actin mRNA. Similarly, differences in the level 
of aminopeptidase mRNA and in the level of  [3-actin mRNA 
could not be detected among the groups in experiment 2 
(Table 8). Relationship of mRNA abundance with specific 
activity of  aminopeptidase in the ileal mucosa from all rats 
studied in experiment 2 is shown in Figure 3. We could not 
observe significant correlation between the two parameters 
(r = 0.137, P > 0.1). Thus, change in the specific activity 
of intestinal aminopeptidase was not accompanied by detect- 
able change in the abundance of aminopeptidase mRNA. 

Discussion 

Although it has been documented that high-protein diets 
lead to increased activity of aminopeptidase in the intestinal 
mucosa compared with low-protein diets, 44 it is important 
to include adequate amounts of  protein in the control diet 
to maintain growth when designing the studies of dietary 
adaptation? In experiment 1, we chose a 20% casein diet 
as a normoprotein diet and a 60% casein diet as a high- 
protein diet. There were no differences in the food intake 

Table 7 Effect of dietary protein level on relative abundance of mRNA 
of aminopeptidase N and 13-actin in intestinal mucosa of rats in 
experiment 1 

Dietary Aminopeptidase 
Tissue casein level Aminopeptidase N L3-act in N/#-actin 

(%) 

Jqunum 20 1.0 _+ 0.1 1.0 ± 0.1 1.0 ± 0.1 
60 1.1 ± 0.2 1.0 ± 0.2 1.1 + 0.2 

Ileum 20 1.0 _+ 0.1 1.0 + 0.1 1.0 ± 0.1 
60 1.2 ± 0.3 1.1 ± 0.2 1.2 ± 0.3 

Values are means ± SE, n = 6 per group. Northern blots were quanti- 
fied by densitometry with x-ray film, and the relative abundance of each 
mRNA was expressed relative to the mean value of 20% casein diet 
fed group, which was arbitrarily normalized to a mean value of 1.0. 

Table 8 Effect of dietary protein level on relative abundance of mRNA 
of aminopeptidase N and I~-actin in ileal mucosa of rats in experiment 2 

Dietary Aminopeptidase 
casein level Aminopeptidase N !8-actin N/#-actin 

(%) 

0 1.0 ± 0.1 1.0 ± 0.1 1.0 + 0.1 
10 0.7 ± 0.1 0.8 + 0.1 1.0 + 0.2 
20 0.8 +_ 0.1 0.7 ± 0.1 1.2 ± 0.2 
40 0.8 _+ 0.1 0.7 ± 0.1 1.2 ± 0.3 
60 1.0 ± 0.2 0.8 ± 0.2 1.1 _+ 0.2 

Values are means + SE, n = 6 per group. Northern blots were quanti- 
fied by densitometry with x-ray film, and the relative abundance of each 
mRNA was expressed relative to the mean value of 0% casein diet- 
fed group, which was arbitrarily normalized to a mean value of 1.0. 

~ 3  r=0.137 (1:)>0.1) 
0 

0 2 0 0 

% o 
' oOO o 

0 I I I I 
0 2O 40 60 8O 

specific activity (mU/mg protein) 

I 
100 

Figure 3 The relationship of the specific activity and the relative mRNA 
abundance of aminopeptidase in ileal mucosa of all rats studied in 
experiment 2. Northern blots were quantified by densitometry with x- 
ray film, and the relative abundance of aminopeptidase N mRNA was 
normalized by each value of 13-actin mRNA and expressed relative to 
the mean value of 0% casein diet group. 

and the body weight gain between the two groups (Table 
2). The contents of protein and DNA, and the protein to 
DNA ratio in the intestinal mucosa were also not influenced 
by the test diets (Table 3). Thus, similar nutritional effects 
on the intestine were obtained in the 20 and 60% casein diet 
groups. So in this condition, it seems reasonable to observe 
the effect of dietary protein levels on the expression of 
intestinal hydrolases. 

Of the three hydrolases measured in experiment 1, only 
aminopeptidase increased in response to the 60% casein diet 
(Table 5). Raul et al. '~ reported that an increase in aminopepti- 
dase activity due to feeding a high-protein diet for 15 hr 
paralleled the amount of corresponding aminopeptidase pro- 
tein and suggested that the increase in the number of amino- 
peptidase protein resulted from either an increased rate of  
synthesis or a decreased rate of degradation of enzyme mole- 
cules. Although we did not determine the amount of enzyme 
protein, higher specific activity of aminopeptidase in the 
60% casein diet group probably resulted from the increased 
amount of enzyme protein. 

The relative abundance of  aminopeptidase N mRNA and 
[3-actin mRNA in the intestinal mucosa of rats was deter- 
mined by Northern blot analysis. [3-actin mRNA was used 
as the control, and the relative abundance was not changed 
between the two groups. It may be reasonable to use 13-actin 
mRNA as the control for animals of the same age for short- 
term experiments. Results could not show the significant 
difference in the relative abundance of aminopeptidase 
mRNA between the two dietary groups (Figure 2 and Table 
7). However, the mean level values of aminopeptidase 
mRNA tended to be higher in 60% casein diet groups in 
both the jejunum and ileum. Because the increase in the 
aminopeptidase activity was small (19% and 41% in the 
jejunum and ileum, respectively), we doubted whether such 
a small change could be detected in mRNA level. So we 
determined again the aminopeptidase activity and mRNA 
level in the intestine of rats fed diets containing different 
levels of protein in experiment 2. We also observed the 
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site-dependent difference in the response of aminopeptidase 
activity to the level of dietary protein in experiment 1 (Table 
5). The increase in aminopeptidase activity in rats fed the 
60% casein diet was larger in the ileal segment than in 
the jejunal segment. McCarthy et al. ~ reported the same 
phenomenon and mentioned that the proximal intestine 
might normally function at a level close to the lower limit 
of its capacity to differentiate, and the prominent distal regu- 
lation of aminopeptidase suggested the ileum as an important 
site of protein digestion and nitrogen assimilation. So in 
experiment 2, we measured the activity and mRNA level of 
aminopeptidase in the ileal segment. 

In experiment 2, we observed that aminopeptidase activ- 
ity in the ileal mucosa increased depending on the dietary 
protein level (Table 6). Two other hydrolases, sucrase and 
alkaline phosphatase, were not modified by the dietary pro- 
tein level, Sucrase activity was constant among all dietary 
groups, even in the 0% casein diet-fed group in which ani- 
mal's growth was repressed. Goda and Koldovsky 22 and 
Goda et al. 2' reported that the sucrase-active site of sucrase- 
isomaltase is degraded by the action of pancreatic prote- 
ases, 22 and that the intake of a high-protein diet leads to an 
acceleration of degradation of sucrase-isomaltase concomi- 
tantly with the increase of pancreatic proteases in the 
lumen. 23 In this experiment, preserved activity of sucrase in 
the ileum of rats fed 0% and 10% casein diets regardless of 
depressed growth might result from decreased secretion 
of pancreatic proteases in low-protein diets. A higher ratio 
of protein content to DNA content in the ileal mucosa of 
rats fed 0% and 10% casein diets (Table 4) suggests that 
the decrease in exocrine pancreatic secretion by feeding such 
low-protein diets leads to a decrease in turnover rate of 
mucosal protein. Northern blot analysis in experiment 2 
could not show a significant difference in the abundance of 
aminopeptidase mRNA in the ileal mucosa among all dietary 
groups (Figure 2 and Table 8). When we compared the data 
on the 60% casein diet-fed group with those on 0% casein 
diet-fed group, the relative abundance of aminopeptidase 
mRNA was not changed regardless of the 138~ increase 
in the specific activity. Also, we observed no significant 
correlation between the aminopeptidase activity and mRNA 
level in the ileum of all rats studied in experiment 2 (Figure 
3). Thus, the level of aminopeptidase mRNA did not respond 
to the dietary protein level regardless of the increase of 
catalytic activity of this hydrolase. 

Reisenauer and Gray 7 showed an abrupt induction of 
aminopeptidase synthesis in jejunum after a 30-rain intra- 
luminal perfusion of a tetrapeptide. Thus, it is possible that 
the adaptive increase in aminopeptidase activity in response 
to the dietary protein level may be the result of induction 
of aminopeptidase synthesis by the intraluminal peptide nu- 
trient as the substrate of this hydrolase. In this phenomenon, 
however, the regulatory mechanism at the level of gene 
expression is not well known. Cohen et al. '7 reported in a 
study about the gene expression of intestinal aminopeptidase 
along the growing stages that the initial rise in the activity 
during the maturational period was regulated pretransla- 
tionally, whereas mechanisms operating at the translational 
and/or posttranslational levels appeared to be important after 
weaning. From this point of view, the adaptive response to 
the level of dietary protein in the expression of intestinal 
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aminopeptidase of young adult rats we used may be regulated 
at the translational and/or posttranslational levels. Our obser- 
vation that the abundance of aminopeptidase N mRNA in 
the intestinal mucosa of rats did not correspond to the change 
of aminopeptidase activity supports that speculation. 

Because rats fed 0 and 10% casein diets seemed to be 
protein-malnourished (Table 2 and Table 4), the lower activ- 
ity of aminopeptidase in the ileal segment of rats fed the 
two diets might result from such a malnourished condition 
rather than the adaptive response to the dietary protein level. 
So in this condition, it may be unreasonable to discuss the 
adaptive response of intestinal aminopeptidase to the dietary 
protein level. However, preserved level of aminopeptidase 
mRNA in the ileum of rats even in the protein-malnourished 
condition suggests that the translational and/or posttransla- 
tional regulations for expression of ileal aminopeptidase are 
necessary for the rapid response to changes in the intralumi- 
hal peptide nutrient. Although we adopted 7-day feeding 
periods, the response of aminopeptidase activity to the di- 
etary protein level was observed even under the more acute 
conditions in which rats were fed 60% casein diet only for 
16 hr after a 32 hr-fast (unpublished data). 

However, it remains unknown how the intracellular syn- 
thetic machinery of posttranscription is facilitated by the 
extracellular peptides. Therefore, further studies about the 
signal transduction caused by the intraluminal factors via 
plasma membrane of enterocytes are required. 
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