
acids with ratios between 0.1 and 40. The 
rate of increase in absorbance at 290 nm 
is directly proportional to phenylalanine 
concentrations at the molar ratios stud- 
ied (Fig. 1A). Solutions with high ratios 
of phenylalanine to tyrosine (10 to 40), 
however, do not exhibit a linear relation- 
ship in the rate of increase in absorbance 
at 315 nm with tyrosine concentrations 
from 2 to 5 /iM (Fig. lB). Thus, plasma 
or serum tyrosine was determined at ap- 
proximately 1 gM levels. 

Table I demonstrates that analyses by 
our method and by the amino acid analy- 
zer are comparable. Both phenylalanine 
and tyrosine values were slightly higher 
when measured by the phenylalanine 
ammonia-lyase assay, but they were not 
statistically significant within 20 donors 
(11). Phenylalanine ammonia-lyase has 
no catalytic activity on any of the com- 
mon amino acids except phenylalanine 
and tyrosine, nor on the D-isomers or 
structurally related derivatives (12). 
Table 2 shows a comparative study of six 
patients with phenylketonuria. Plasma 
phenylalanine levels are comparable by 
all three methods, but values for tyrosine 
were considerably higher by the spectro- 
fluorometric procedure for reasons un- 
known. 

The results of this study demonstrate 
that phenylalanine ammonia-lyase can 
be used for the quantitative determina- 
tion of plasma or serum phenylalanine 
and tyrosine. Although this method can 
be easily applied for screening of phenyl- 
ketornuria, its use in the management of 
this disease is appropriate because it is 
rapid, sensitive, and requires only a 
small portion of blood. Patient No. 6, 
originally undetected by the Guthrie test, 
was diagnosed immediately by our en- 
zyme method, and plasma concentra- 
tions of these two amino acids were 
monitored subsequently until the patient 
exhibited a stable pattern of plasma 
ph.enylalanine and tyrosine through die- 
tary manipulation. 
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lated protein seems to be followed by a 
sequence of reactions that rapidly trans- 
fers the protein from plasma to hepato- 
cytes. There appears to be a transient 
binding of the asialoglycoprotein to a 
component of the hepatic plasma mem- 
brane that is itself a glycoprotein with 
several terminal sialyl residues (1). A 
complex of a plasma asialoglycoprotein 
and the membrane glycoprotein can be 
formed in vitro, as well, but only if the 
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terminal sialyl residues of the latter are 
not removed (2). Our study was directed 
toward understanding the functional sig- 
nificance of sialyl residues of the hepatic 
plasma membrane glycoprotein. 

The relative affinities of the hepatic 
binding protein (HBP) for a number of 
sugars and glycoproteins were estimated 
from measurements of the capacity of 
each substance to inhibit the binding of 

125I]asialoorosomucoid (Table 1). The 
assumption is made that the lower the 
concentration required for 50 percent in- 
hibition, the more tightly the inhibitor is 
bound to HBP. 

The inhibition of binding by HBP of 
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100loo Neuramindase /3-G ala ctosid ase Fig. 1. Effect of enzymatic treatment on the 
\._. / binding capacity of HBP. Hepatic binding 

80 |- o .r *-e protein (2 mg/ml) and neuraminidase (Clostri- 
? I \. ^* NaBH4 dium perfringens; Sigma) (100 milliunit/ml) 
X. 60oI *\ / . . were incubated at 22?C in 0.05M Na acetate 
CL , >^ *'^^ \ buffer (pH 6.2) and 0. 15M NaCl. After 15 minm- 

40 / tw \ utes of incubation, two portions of the mix- 
.C 

40 0 / / Galactose ture were removed and either ,3-galactosidase 
C . /./ oxidase \ (Diplococcus pneumoniae; provided by G. 

20 - ram in ase \ Ashwell) or galactose oxidase (Polyporus cir- 20Nuamnds 
_ cinatus; Sigma) was added to a final concentra- 

J-I I - i tion, respectively, of 100 milliunit/ml or 40 
30 60 90 120 unit/ml. After 90 minutes of incubation with 

I ncu bation time (mmn ) galactose oxidase, 5 /ug of NaBH4 were added. 
The samples of 5 /ul that were taken for the 

determination of the binding capacity of HBP for [1251]asialoordsomucoid (.) and [1251]DOSM 
(o) were each diluted 40-fold with buffer, as a consequence of which there was no necessity for 
removal of enzymes present. Binding of [125I]DOSM to HBP, after incubation for 10 minutes as 
described for asialoorosomucoid (Table 1), was estimated by precipitation of the complex with 
an equal volume of a saturated solution of ammonium sulfate, adjusted topH 7.8, and filtration 
on a Whatman GF/A glass disk to remove unbound [125I]DOSM. Desialylated ovine submaxil- 
lary mucin was labeled by conjugating it with 1251 containing N-hydroxysuccinimide ester of 3- 
(4-hydroxphenyl)propionic acid, by the method of Bolton and Hunter (8). The unreacted ester 
was removed by exhaustive dialysis against water. The labeled protein had specific activities 
ranging from 0.1 to 0.2 A/c per microgram. 
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Hepatic Binding Protein: The Protective 

Role of Its Sialic Acid Residues 

Abstract. Removal of sialic acid from a specific hepatic binding protein virtually 
abolishes its capacity to bind certain asialoglycoproteins. The loss of this capacity is 
the result of competition for the binding sites by galactosyl residues, of hepatic bind- 

ing protein, that become terminal after desialylation. 

Hepatic Binding Protein: The Protective 

Role of Its Sialic Acid Residues 

Abstract. Removal of sialic acid from a specific hepatic binding protein virtually 
abolishes its capacity to bind certain asialoglycoproteins. The loss of this capacity is 
the result of competition for the binding sites by galactosyl residues, of hepatic bind- 

ing protein, that become terminal after desialylation. 



Table 1. Inhibitory effect of various carbohydrates and glycoproteins on binding of [25I1]asialo- 
orosomucoid to the hepatic binding protein. The inhibitor was added to 0.6 ~g of [125I]asialo- 
orosomucoid (0.075 x 10-3 mM) in an assay buffer (tris-Cl, 0.05M,pH 7.8; CaCl2, 0.01 M; NaCl, 
0. M; Triton X-100, 0.5 percent; and bovine serum albumin, 0.1 percent), prior to the addi- 
tion of 5 to 8 ftg of HBP, prepared as previously described (3), making the total volume 0.2 ml. 
After incubation for 10 minutes at 25?C, 0.3 ml of a 0.6 percent solution of y-globulin, and 0.5 
ml of 20 percent (weight to volume) polyethylene glycol (PEG-6000; Fisher) in tris-Cl (0. 1M), 
CaCl2 (0.01M), and NaCl (0.1M), at pH 7.8, 
were added. The suspension was filtered on a Concentration 
Whatman GF/A glass disk under reduced required for 
pressure and washed with an 8.0 percent solu- Inhibitors 50 percent 
tion of PEG in the assay buffer without Triton inhibition 
X-100. Radioactivity of the disks was mea- (mM) 
sured; appropriate blanks deposited about 0.5 Carbohydrates 
percent of the total radioactivity on the disks. D-Galactose 27.5 
Desialylated orosomucoid, fetuin, and cerulo- Stachyose 17.5 
plasmin were prepared as in (4); and DOSM p-Nitrophenyl-a- 9.0 
as in (5). Asialoorosomucoid, labeled with 2 galactopyranoside 
mc of carrier-free Na125I (Amersham/Searle) p-Nitrophenyl-/3- 9.0 
by a modification of the method of Green- galactopyranoside 
wood et al. (6), possessed specific activities of Thiodigalactoside 9.0 
0.5 to 0.8 Ac/4Lg in different preparations. To- N-Acetylgalactosamine 2.0 
tal protein was determined by the method of Desialylated glycoproteins 
Lowry et al. (7). At a concentration of 250 Fetuin (bovine) 1.30 x 10-3 
mM none of the following monosaccharides Ceruloplasmin (human) 0.95 x 10-3 
showed any inhibition of [25I]asialooroso- Orosomucoid (human) 0.075 x 10-3 
mucoid binding to HBP: D-glucose, D-man- Submaxillary mucin 0.003 x 10-3 

nose, L-fucose, galactosamine, or N-acetyl- (ovine) 
glucosamine. 
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asialoglycoproteins varies with the spe- 
cific carbohydrate and, for any one car- 
bohydrate, is greatly enhanced when the 
sugar is part of a glycoprotein. Thus, N- 
acetylgalactosamine has the greatest af- 
finity for HBP of any carbohydrate test- 
ed, while desialylated ovine submaxil- 
lary mucin (DOSM), a glycoprotein 
whose carbohydrate moiety consists al- 
most solely of terminal N-acetylga- 
lactosaminyl residues, is bound to HBP 
orders of magnitude more tightly than is 
N-acetylgalactosamine. 

The progressive removal of sialyl resi- 
dues from HBP initially has a strikingly 
different effect on the capacity of this 
protein to bind asialoorosomucoid and 
DOSM. After 20 minutes of incubation 
with neuraminidase the binding capacity 
of HBP for asialoorosomucoid is almost 
completely abolished, while that for 
DOSM is reduced by only 20 percent 
(Fig. 1). This suggests that the binding 
sites, which are the same for DOSM and 
asialoorosomucoid, are not the sialyl res- 
idues of HBP. Confirmation of this con- 
clusion is obtained if the terminal ga- 
lactosyl residues of desialylated HBP are 
either oxidized to aldehydes or removed, 
after which the affinity of the protein for 
asialoorosomucoid is restored signifi- 
cantly. In the former instance, further- 
more, this restored binding capacity can 
again be abolished if the terminal galac- 
tosyl aldehyde groups are reduced by bo- 
rohydride. The mechanism by which the 
binding capacity of HBP, following 
desialylation, is thus diminished appears 
to be analogous to that which operates 
when any of the inhibitors with terminal 
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galactosyl residues is present in the reac- 
tion mixture (Table 1). 

The inhibitory effect of desialylated 
HBP on its own binding capacity is ob- 
served whether the protein is in solution 
or is a part of the plasma membrane (3). 
This implies either a sufficiently close 
juxtaposition of galactosyl residues and 
binding sites on HBP to permit intra- 
molecular competition or a sufficient mo- 
bility of HBP molecules within the mem- 
brane to permit the binding of the ga- 
lactosyl residues of one desialylated 
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bility of HBP molecules within the mem- 
brane to permit the binding of the ga- 
lactosyl residues of one desialylated 

HBP molecule to the binding sites of an- 
other. 

Thus it seems reasonable to speculate 
that terminal sialic acid residues may 
play two different protective roles in gly- 
coprotein metabolism. (i) In circulating 
glycoproteins they mask the galactosyl 
residues that are the groups by which the 
protein is bound to HBP and thereby 
permit continued intravascular survival 
of these proteins (1). (ii) In the mem- 
brane glycoprotein HBP, sialic acid also 
masks galactosyl residues, thereby pre- 
venting them from competing for the 
binding sites of this receptor protein. 

RICHARD J. STOCKERT 
ANATOL G. MORELL 

I. HERBERT SCHEINBERG 

Department of Genetic Medicine, 
Division of Genetic Medicine, 
Albert Einstein College of Medicine, 
Bronx, New York 10461 

References and Notes 

1. G. Ashwell and A. G. Morell, Adv. Enzymol. 
Relat. Areas Mol. Biol. 41, 99 (1974); T. Kawa- 
saki and G. Ashwell, J. Biol. Chem. 251, 1296 
(1976). 

2. R. L. Hudgin, W. E. Pricer, Jr., G. Ashwell, R. 
J. Stockert, A. G. Morell, J. Biol. Chem. 249, 
5536 (1974). 

3. W. E. Pricer, Jr., and G. Ashwell, ibid. 246, 
4825 (1971). 

4. A. G. Morell, G. Gregoriadis, I. H. Scheinberg, 
J. Hickman, G. Ashwell, ibid., p. 1461. 

5. G. Tettamanti and W. Pigman, Arch. Biochem. 
Biophys. 124, 41 (1968). 

6. F. C. Greenwood, W. M. Hunter, I. S. Glover, 
Biochem. J. 89, 114 (1963). 

7. 0. H. Lowry, N. J. Rosebrough, A. L. Farr, R. 
J. Randall, J. Biol. Chem. 193, 265 (1951). 

8. A. E. Bolton and W. M. Hunter, Biochem. J. 
133, 529 (1973). 

9. This work was supported by grant AM-1059 
from the National Institute of Arthritis, Metabo- 
lism, and Digestive Diseases. 

3 March 1977 

HBP molecule to the binding sites of an- 
other. 

Thus it seems reasonable to speculate 
that terminal sialic acid residues may 
play two different protective roles in gly- 
coprotein metabolism. (i) In circulating 
glycoproteins they mask the galactosyl 
residues that are the groups by which the 
protein is bound to HBP and thereby 
permit continued intravascular survival 
of these proteins (1). (ii) In the mem- 
brane glycoprotein HBP, sialic acid also 
masks galactosyl residues, thereby pre- 
venting them from competing for the 
binding sites of this receptor protein. 

RICHARD J. STOCKERT 
ANATOL G. MORELL 

I. HERBERT SCHEINBERG 

Department of Genetic Medicine, 
Division of Genetic Medicine, 
Albert Einstein College of Medicine, 
Bronx, New York 10461 

References and Notes 

1. G. Ashwell and A. G. Morell, Adv. Enzymol. 
Relat. Areas Mol. Biol. 41, 99 (1974); T. Kawa- 
saki and G. Ashwell, J. Biol. Chem. 251, 1296 
(1976). 

2. R. L. Hudgin, W. E. Pricer, Jr., G. Ashwell, R. 
J. Stockert, A. G. Morell, J. Biol. Chem. 249, 
5536 (1974). 

3. W. E. Pricer, Jr., and G. Ashwell, ibid. 246, 
4825 (1971). 

4. A. G. Morell, G. Gregoriadis, I. H. Scheinberg, 
J. Hickman, G. Ashwell, ibid., p. 1461. 

5. G. Tettamanti and W. Pigman, Arch. Biochem. 
Biophys. 124, 41 (1968). 

6. F. C. Greenwood, W. M. Hunter, I. S. Glover, 
Biochem. J. 89, 114 (1963). 

7. 0. H. Lowry, N. J. Rosebrough, A. L. Farr, R. 
J. Randall, J. Biol. Chem. 193, 265 (1951). 

8. A. E. Bolton and W. M. Hunter, Biochem. J. 
133, 529 (1973). 

9. This work was supported by grant AM-1059 
from the National Institute of Arthritis, Metabo- 
lism, and Digestive Diseases. 

3 March 1977 

Desulfurization of Coal by Use of Chemical Comminution 

Abstract. Chemical fracturing (comminution) of coal provides selective breakage, 
which may be used to liberate inorganic sulfur from it without resorting to excessive 
mechanical size reduction. The technique can be used for economic precombustion 
desulfurization and may have many other applications in coal utilization. 

Desulfurization of Coal by Use of Chemical Comminution 

Abstract. Chemical fracturing (comminution) of coal provides selective breakage, 
which may be used to liberate inorganic sulfur from it without resorting to excessive 
mechanical size reduction. The technique can be used for economic precombustion 
desulfurization and may have many other applications in coal utilization. 

One of the major impediments to in- 
creased use of the plentiful supply of 
eastern coal available in the United 
States is its high sulfur content. Sulfur 
occurs in coal in two significant forms- 
inorganic (pyrite and sulfates) and organ- 
ic. The organic sulfur is chemically 
bound to the coal, and the majority of it 
can be removed only during or after 
combustion, during chemical conversion 
processes such as liquefaction or gasifi- 
cation, or by some chemical extraction 
processes with drastic reaction condi- 
tions (1). Sulfates are usually of only mi- 
nor significance except in lignites, while 
pyrite comprises, on the average, half or 
more of the total sulfur and can account 
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for most of the total sulfur in some major 
eastern U.S. coal reserves (2). Pyrite oc- 
curs in many forms and sizes in coal, and 
much of it can be removed by physical 
cleaning methods (3) and chemical leach- 
ing processes (4). Of the processes men- 
tioned above, physical coal preparation 
(although it can remove only pyrite) is 
the least expensive and most highly de- 
veloped commercially (5). 

Conventional physical coal prepara- 
tion consists of mechanical size reduc- 
tion, which results in the liberation of the 
pyrite sulfur and other mineral matter, 
followed by a separation step, the cost of 
which is dependent on the size consist of 
the crushed coal. In general, as the size 
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