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IUGR pups showed significantly higher tota l plasma amino acid 
levels at birth, compared to control pups of normal body size, 
with particular increases in gluconeogenic amino acids (alanine, 
glycine, praline, and valine). A fall to low levels of circulating 
amino acids was observed at 2-4 hr in the untreated progeny, 
coincident with the development of hypoglycemia. The group 
administered corticosteroids prenatally had more pronounced 
increases of plasma gluconeogenic amino acids than untreated 
animals, with alanine especially elevated. Despite 3-fold greater 
apparent utilization in animals administered glucocorticoid pre
natally, high alanine levels were maintained in the treated dys
mature group; a similar pattern was noted for glutamine-gluta
mate . In addition, an inverse correlation between plasma glu
cose at birth and plasma alanine levels was noted for all animals 
(r = -0 .55, P = 0.01 ), as well as an inverse correlation between 
plasma glucose and the four gluconeogenic amino acids (r = 
-0.62, P = 0.001). 

Thus, the reduced tendency to develop hypoglycemia in corti-
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costeroid-treated dysmature rat pups seems to be associated with 
both greater availability and increased utilization of glucogeneic 
amino acids. We therefore postulate that the hormone may act 
both to increase the supply of gluconeogenic substrate and to 
stimulate enzymes essential for gluconeogenesis. 
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Summary 

The total activity and isoelectric focusing patterns of arginine 
esterase, cathepsin Bi, and several lysosomal hydrolases were 
normal in liver from two patients with cystic fibrosis. No 
abnormalities were observed in values for pH optimum, K 111 , 

and Vma x for arginine esterase and cathepsin B1 in liver from 
cystic fibrosis patients compared to those values for liver from 
the control subject. Soybean trypsin inhibitor at concentrations 
up to 100 µg/ml had no effect on liver arginine esterase or 
cathepsin B1 • 

• This research was supported by a grant from the Canadian Cystic 
Fibrosis Foundation. Dr. J. W. Callahan is a Medical Research Council 
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Speculation 

The data suggest that none of the enzymes studied in this 
work is directly related to the genetic defect in cystic fibrosis. 
Liver arginine esterase is different from the major arginine 
esterase found in plasma and saliva but may be identical to the 
minor component. The reported deficiency (12-15) of the 
major plasma arginine esterase may be a secondary phenomenon 
resulting from inadequate exocrine (chiefly pancreatic) secre
tion. 



INTRODUCTION 

Cystic Fibrosis h an autosomal recessive condition characterized by mal

function of exocrine tissues (7). The genetic defect in this disease has not 

been detenolned to date. Several recent reports have suggested the involvement 

of proteolytic enzymes in the disease process (10, 12, 14-17). Other invest

igators have demonstrated the presence in CF serum of a low molecular weight 

basic protein (3,8-10). This protein had the capacity to disorganize rhythmic 
beating of the cilia. It was later found that the action of this factor could 

be destroyed by treatment with the enzyme carboxypeptidase ( 10). This suggested 

the presence of functionally important arginine residues in the protein . These 

data correlate well with recent reports by Nadler and his associate& who have 

postulated a role for an argininc•e s terolytic enzyme in the pathology of this 

disease (14--17). The enzyme, arginine esterasc, is active with the synthetic 

substrate a-N-benzoyl-L-arginine t>thyl ester (BA.EE), Multiple forms of this 
enzyme have been ehown in human plasma by means of ion exchange chromatography, 

isoelectric focusing on polyacrylamide gels and by inhibition with soybean tryp

sin inhibitor. Rao and Nadler (14-16) found that in plasma from CF patients 

there was an almost total deficiency of the arginine esterase activity sus

ceptible to inhibition by soybean trypsin inhibitor. In a more recent report, 

these authors confinned a deficiency of arginine esterase in CF plasma compared 

to controls with protemine as substrate (15). In the present study, we have 

measured the activity of arginine esterolytic and other hydrolytic enzymes in 

liver to determine if the deficiency of arginine e s terase observed in plasma 

and saliva was alao generally true in other tissues. A pre liminary commun ication 

of this work has been published (6), 

METHODS AND MATERIALS 

CASE MATERIAL 

Liver was obtained from two CF patients NL (male, 25 years, number l in 

Table 1) and BY (female, 19 years, number 2 in Table 1). Both had been invest

igated in this hospital for many years. NL was diagnosed at age 2 and r ecent 

history included respiratory failure. At post mortem, there was extensive 

bronchiectasis, hepatomegaly 1 splenomegaly, right ventricular hypertrophy and 

a fibrotic pancreas with no cysts. Liver function tests were normal. The liver 

was obtained 19 h after death. 

BY from a family of five siblings, four of whom have documented Cys tic 
Fibrosis, was diagnosed at the age of 8 years. Her clinical course was charac
terized by recurrent respiratory infections. She developed cor pulmonale and 

on her terminal admission sustaine d three cardiac arrests, the last of which 

was fatal. There was fibrosis of the panct'eas with cysts and with destruction 

of exocrine tissue. A severe bronchiectasis was found and the liver did not 

show longstanding passive congestion. The liver was taken 5 hours after death. 

Control specimens were from patients who died at the age of 8, 15 and 18 

years who had no evidence of liver dy sfunction . The patient with Type I, ~1-

gangliosldosis died at the age of 2 years while the patient with Gaucher dis

ease died at 8 years. Lipid storage and enzymopathies have been confirmed in 

the latter two cases. 

MATERIALS 

Hemoglobin (Type 1, bovine blood), Fast Garnet-GBC salt, p-tosyl-L-ar

ginine methyl ester - HCL (TA..){E) 1 N-Carbobenzoxy-o-L-glutamyl-L-tyrosine, 

bovine s e rum albumin, Benzoylarginine-F,-naphthylamide (BANA) Soybean trypsin 

inhibitor (type l-S 1 lot 85C-8055 1 with a stated potency of 1 mg/1.6 mg Tryp

sin), (23), N-Benzoyl•arginine e thyl ester (BA.EE, lot 072074) (24) and lyo

philized Trypsin (198 units/mg) (25) were obtained cotmtercially. 

TISSUE EXTRACTION 

No spgcimens had been stored longer than 12 months. All tissues were fro
zen at -20 C until processed. Several specimens from each tissue (0.5-0. 7 g) 

were taken over several months. The samples were minced with scissors and 
homoge nized in 10 volumes of 0,05 H sodium acetate-acetic acid buffer contain
ing 1 rrtl EDTA and 0.154 M sodium chlo[ide (final pH 4.6). The extract was cen-
trifuged at 31 1 500 g for 30 min. at 2

0 
in a Be ckman J-21 centrifuge. The super

natant fluids were then stored at -20 until processed. 

ENZYME AS SAY 

Cat hep sin A was measured with N-CBZ-glutamyl-tyrosine substrate while 

cathepsin D was measured with acid denatured hemoglobin (11). Cathepsin 8 1 was 

assayed with BA.NA substrate according to Barret t ( 2). Arginine esterase was 

measured by two methods, The first according to Rao and Nadler (16) was mod

ified as follows: each quartz cuvette ( 1 cm light path) contained in 1 ml 

final volume, 100 µmoles Tris-HCl pH 9.0 and 0.5 µmoles BAEE. The reaction was 

started by addition of the enzyme extract after a 5 minute pre-in~ubation per

iod. The temperature of the cuvettes was maintained at 37.0 ± 0,5 C by circula

ting water from a Lauda K-2 thermostat. The initial velocities were calculated 

from the slope of the line measured at 253 nm. over the first 3-5 minutes . The 
second assay for arginine esterase utilized the TAME substrate according to 

Siegelman .!!!. .!!,. (20) · 

The glycosidases, o-mannosidase, a-fucosidase and 8-hexosaminidase we re 

assayed according to Thomas .!U_ .!! (21) while Ciii·ganglioside S-galactosidase 
was assayed according to Callahan and Gerrie (4). Sphingomyelinase was assayed 

according to the me thod of Schnelde r and Kennedy (19). Protein measuremen ts 

were made with bovine serum albumin as standard according to the method of 

Lowry .il_ &, (13) 

Assays performed to determine the total activities of the various hydro

lases in the liver extracts wert:. carried out at five protein concentrations at 
a single time point. The progress of the reactions with time was linear in 

every instance. The units of activity and specific activities are define d in 

the legend to Table 1. 

ISOELECTRIC FOCUSING 

tsoelectric focusing was carried out as described previously (5). Briefly, 

tissues 0.5 - O. 7 g were minced with scissors and homogenized in 10 vol 0.05 M 

sodium acetate-acetic acid buffe r containing lmM EDTA (final pH 4.6). 'fhe ex

tract was centrifuged as above and the resulting fluid s we re exposed to current 

for 40-44 hours in a thennostatlcally controlled column. The e xperiment was 

carried out in the presence of sucrose gradients with 1'7. carrier ampholines 1 pH 
range 4 .. 7. At the end of the expe riment the column was eluted from below and

0 
the 

eluates were collected in 0.8 - 1.0 ml fractions. All eluates were kept at 4 C 
until analyzed. All enzymes were assayed in the presence of carrier amphollnes 

and sucrose. 

RESULTS 

Liver samples from the two controls, the two CF patients, and single cases 

of GM1-gangliosidosis and Gaucher Disease were examined (Table 1) .. In the liver 

of one CF patient the total activities of all en:tymes· were within control 

values. All enzyme activities were elevated in the liver from the second CF 

patient exce pt for !3-hexosaminidase, a-mannosidase and a-fucosidase. The el

evations seen in the lysosomal hydrolases measured in liver from Gaucher Disease 

and GM1-gangllosidosis are consistent with previously published data (22). 

Cathepsin 8 1 was found to have a maximum activity at pH 6.4 in both normal 

liver and in liver from patients with Cystic Fibrosie, The activity in the pre• 

sence of cyatelne was higher than the activity in its absence in all buffers 
tested and throughout the pH range (Fig. 1). There was no difference in the Km 

or Vmax values for cathepsin B1 in normal and Cystic Fibrosis liver (Table 2). 

Soybean trypsin inhibitor was tested for its effect on the activity of cathep• 

&in B1 • No inhibition of cathepsin 8 1 activity could be demonstrated over the 

range of 5-100 ll&• Under the same conditions trypsin ( 1 µg) was completely in• 

hibited at the level of 6 µg. 

There was no differ ence in the level of arginine esterase between three 

normal controls and the liver samples from patients with Gaucher Disease and 

Giii-gangliosidosis (Table 3)., On the other hand, with BAEE there was a 50 per 

cent decrease in the to t al level of arginine esterase in the two patients with 

Cystic Fibrosis. With TAME as substrate however, there was little or no dif

ference between the levels of the enzyme in the normal and the CF specimens. 

The Km and Vmax values for this enzyme were unchanged from normal (Table 2) • 
The pH optimum of arginine esterase with both substrates was in the range of 

8.5 - 9.1 for both normal and CF liver specimens (Figure 2). 

The effect of soybean trypsin inhibitor on live r arginine esterase ac

tivity was also examined. At concentrations of STI up to 100 µg, there was 

little or no inhibition of arginine esterase activity in both normal liver and 

in liver from Cystic Fibrosis (Table 3). Thus, the arginine esterase of liver 

is quite different in its response to trypsin inhibitor from the enzyme found 

in plasma and saliva. 

To identify the possible deficiency of one or more specific tao-enzymes, 

liver extracts were then subjected to isoelectric focusing as described, El• 

uates were assayed for the presence of cathepsin B1 • arginine esterase and for 

glycosidases. A single major peak of cathepsin B1 was obtained (pt 4.9) in 
normal and CF liver (Figure 3). Smaller amounts of activity were found at pt 

values below this lsoelectric point. A small discrete peak of activity was alao 

seen at pl 5.1 in both nonnal and in CF liver. Arginine esterase was measured 

in the eluate& with BA.EE as substrate. Two partially resolved peaks of activity 

were noted. The first had a pt in the range of 5.6-5. 7 while the second had a 

pl of 5.8-5.9 . There was no difference in the activity profile of arginine es

terase when assayed in the presence of 100 µ.g of soybean trypsin inhibitor. The 

recovery of cothepsin 8 1 activity was 37-47 o/o for both normal and CF liver 

while arginine esterase recoveries were much better (67-757.). Glycosidases such 

aa J3-hexosaminidase, Jj-galactosidase and a-galactosaminidase were monitored as 

internal controls and we re always normal. 

DISCUSSION 

The properties of cathespin B1 presented in this work (pH optimum, Km 

value, isoelectric point) confirm the findings of Barrett (2) and extend the 

data to include liver from Cystic Fibrosis patients. A previous report suggested 

the possibility that a carbo,cypeptidase or cathepsin B-like enzyme may be in

volved in CF (10,17). The present data seem to preclude a deficiency in Cathe p• 

sin 8 1 in Cystic Fibrosis. Other lysosomal hydt"olases such as a-mannosidase, 

a-fucosidase, 1:3-hexosaminidase, ~-galactosidase and sphingomyelinas e gave normal 

or slightly elevated value s with respect to total activity. 

Several isoelectric focusing experiments on live r extracts and also on ex

tracts of cultured skin fibroblasts have shown a normal isoenzyme pattern for 

the se hydrolases with the possible exception of a-fucosidase (unpublished ob• 

servations; also see refe rence 1). 

Rao and Nadler have shown that arginine esterase of human plasma and saliva 
can be resolved into two separate peaks of activity by DEAE-cellulose chroma

tography (16). The major enzyme is inhibited by trypsin inhibitor while the 

minor one is not. In liver, with both BAEE and TAME the pH optimum is more basic 

than for the enzyme in plasma and the liver enzyme ls not inhibited by soybean 

trypsin inhibitor. However, preliminary experiments on the plasma enzyme with 

TAME as substrate have confirmed the presence of enzymes which can be activated 

by chloroform or elagic acid. Thus, it seems that t h e arginine esterase in liver 

l s different from the majority of the enzyme in human plasma and saliva. It may 

be similar to or the same as the minor component which has been shown to be un• 

affected ln CF (15,16). 

The major component of plasma arginine esterase is presume d to be derived 

from the pancreas and other exocrine tie sues ( 18). It would thus be of. interest 

to compare the levels of this enzyme in matched groups of CF patients, some of 

whom have marked pancreatic insufficiency and others who have normal or slightly 

altered pancreatic function. Such a study would show if the reduction in STI 
inhibitable arginine esterase activity observed in the studies of Rao and Nadler 

( 14-17) was chiefly due to inadequate secretion of these enzymes by exocrine 

tissues. 

In summary, we have examined Cathe psin 8 1 , arginine esterase and other 
lysosomal hydrolases in liver from control tissues and from patients with Cys
tic Fibrosis. We have not been able to de tect any marked abnormalities in the 

properties or the isoenzyme distribution of any of these en:r.yme s in Cystic Fib• 
rosis liver. Since one would expect the genetic defect to be expressed in most 

if not all tissues, it is likely that the enzymes described here do not reflect 

the primary genetic defect in this disease. 
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TABLE I 

1. 

2. 

LYSOS<l1AL HYDROLASES IN CONTROL AND OF LIVER + 

Liver was homogenized and centrifuged as described. All numbers are the averages of duplicate 
samples analyzed as outlined in Materials and Methods. 

Cathe2sins Gl:z:cosidases S£hinsom:z:elinase 

t:. .!h !! 
NORMAL 1. 353 496 1597 22.5 5.56 4.41 113.1 6.8 

2. 400 649 931 11.7 2.12 1.50 J0.1 10,0 

GAUCHER 766 906 5308 28. J 10.46 2.84 18.5 28.J 

Gi-11-
GANGL IDS IDOS IS 1399 2677 7727 0.1 20. 36 JO. JJ 163.0 65.0 

CYSTIC 
FIBROSIS 1. 446 632 1156 14.5 2.49 2.14 61.7 10.J 

2. 888 1115 2824 JB.B J,59 1.56 63.4 28 .8 

+ All specific activities are reported in nanomoles substrate hydrolyzed or product released per hour 
per mg protein except for ~-hexosaminidase where the units are µ.moles product released/hour/mg 
protein. 

TABLE J 
TABLE 2 

ARGININE ESTERASE IN NORMAL AND CF LIVER + 
KINETIC CONSTANTS OF CATHEPSIN Bl AND ARGININE ESTERASE IN LIVER + 

Cathe2sin Bl Arginine Esterase 

+ c:z:steine - C:z:steine 
NORMAL 

Km V Max Km V Max Km V Max 1. 0.40 0.40 
(mM) (nm/.<O min) (mM) (nm/20 min) (mM) (OD/min) 

2. o. 32 0.32 

J, 0,43 0.42 
2.97 43.9 1. 76 14.5 0.29 O.OJ 

GAUCHER o.47 o.49 
2.93 55.5 o. 76 13.0 0.37 0.04 

%1•GANGLIOSIDOSIS o. 36 o. 39 

0.13 

0.11 

0.11 

CYSTIC FIBROSIS 
CYSTIC FIBROSIS 

1. J.39 55.9 2. 76 15.5 o. 35 0,04 

2. 2.47 55.9 o. 77 7 .5 0.45 0.02 

+ The experimental data were analyzed by two way linear regression and the 
numbers presented were computed from the theoretical equation. 

1. 0.20 

2. o. 20 

0.20 

0.19 

0.09 

0.09 

+ Specific activity is expressed as b. OD 253 /min/mg protein for BA.EE 
hydrolysis and as µmoles methanol released/h/mg protein for TAME 
hydrolysis. Soybean trypsin inhibitor ( 100 µ.g) was included in the 
incubation mixtures where indicated. 
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Figure 1 

Cathe psin 81 activity as a func tion of pH 

Cathepsin B1 activity was measured in normal (A) and CF liver (B) in the 
presence of 2.67 mH. c y ateine (closed symbols), in the absence of cysteine 

(open symbols) and in the presence of 10 mM hydroxymercuribenzoate (-x-). 

Citrate-phosphate (triangles) and phosphate (circles) buffers were used. All 

point• are the averages of duplicate measurements. Incubations were carried 

out for 20 ml nu tea as described according to Barrett (2). 
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Ar ginine esterase activity as a function of pH 

Arginine esterase activity waa measured with BA.EE (A) and TAME (B) sub1trates. 

In both sets of experiment• two normal (so lid symbols) and two CF livers (open 

aymbola) were compared. In panel A, the buffer, used were Tris-HCl (circles) 
and Clycine-NaOH (triangles) while in panel B, phosphate buffer was uaed from 

pH 6-8 and 2-amino-2-methyl-l : 3•propanediol-HC1 buffer was employed from pH 

7 .8-9. 7. All pointl are averages of duplicate measurements. 

1169 

12 

10 

pH I 

12 

10 

pH• 

4.7 

I 

.., 
I 

.. , 
' , .. 

I 

'; 

.1 · 

M 

TUBE NUMBER 

Figure 3 

1'00 

1000.f J 
.::. -l Ji • 

&00 -t i l 
! 

200 

'°" 

J 
J J i 

'i ., 
{, 

2 
8 
0 

Isoelectric Focusi ng of Cat heps in B1 and Arginine Eaterase in human liver 

Representative eXperiment1 of nonnal (lower panel)and CF liver (upper panel) are 

ahown. Cathepdn B1 (open circles) was resolved into one major peak of activity 

with minor peaks of enzyme spread throughout the gradient. Arginine Estera1e 

(solid triangles) was partially resolved into two components in the CF liver but 

the resolution was leu complete for the control (pl values 5.6 and 5.8). Soy

bean Trypsin Inhibitor ( 100 1,J,g/ml) had no effect on the Arginine Est erase ac• 

tivity (solid circles). The pH (shown as a solid line) was meaau red in alter• 

nate fractions (0.8-1.0 ml). 
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