
AFRRI   SR72-6 

APRIL 1972 

AFRRI 
SCIENTIFIC 

REPORT 

DETERMINATION OF L-FUCOSE 

IN GLYCOPROTEINS 

I. Effect of Nonfucose Moieties 

of Serum Glycoproteins 

P.  Z.  Soboci nski 

W.  J.  Canterbury 

K.  M.  Hartley 

ARMED FORCES RADIOBIOLOGY RESEARCH INSTITUTE 
Defense Nuclear Agency 

Bethesda, Maryland 

Approved for public release;    distribution unlimited 



All aspects of investigative programs involving the use of laboratory animals 
sponsored by DoD components are conducted according to the principles enun- 
ciated in the "Guide for Laboratory Animal Facilities and Care",  prepared by 

the National Academy of Sciences - National Research Council. 



AFRRI   SR72-6 
April 1972 

DETERMINATION OF  L-FUCOSE  IN  GLYCOPROTEINS 

I.    EFFECT OF NONFUCOSE  MOIETIES 

OF  SERUM  GLYCOPROTEINS 

P.  Z. SOBOCINSKI 
W. J. CANTERBURY 

K. M. HARTLEY 

R. E.  GEORGE 
Commander,   MSC, USN 
Chairman 
Radiation Biology Department 

{/   MYRON I.   VARON 
Captain MC  USN 
Director 

ARMED FORCES RADIOBIOLOGY RESEARCH INSTITUTE 
Defense Nuclear Agency 

Bethesda, Maryland 

Approved for public release;   distribution unlimited 



ACKNOWLEDGMENT 

The authors are grateful to A. S. Evans for his cooperation and for providing 

the human patient sera used in this study. 



TABLE  OF CONTENTS 

Page 

Foreword (Nontechnical summary)  v 

Abstract  vii 

I.   Introduction  1 

II.   Materials and Methods  2 

Chemicals  2 
Analytical methods  2 
Statistical methods  4 

III. Results  4 

IV. Discussion  .18 

References  22 



LIST OF  FIGURES 

Page 

Figure    1.   Absorption spectrum of products formed by 20 jjig/ml of fucose 
in the CyR3  5 

Figure   2.   Absorption spectrum of products formed by an equimolar solution 
of galactose-mannose containing 75 /ig/ml of hexose in the CyR3 5 

Figure    3.   Absorption spectra of products formed by various concentrations of 
equimolar solutions of galactose-mannose in the CyR3 .... 6 

Figure    4.    Effect of various concentrations of hexoses on the wavelength 
required to produce an absorption equal to that observed at 
396 nm in the CyR3  6 

Figure    5.    Effect of various concentrations of hexoses on the absorption 
increment obtained for fucose standards in the CyR3     .... 7 

Figure    6.   Absorption increment for fucose at various times after CyR3  .    . 8 

Figure    7.   Absorption increment and absorption at 396 and 430 nm for fucose 
in the presence of galactose and mannose at various times after 
CyR3  8 

Figure   8.   Absorption of an acid hydrolysate of pooled human serum measured 
at 396 and 430 nm at various times after CyR3  9 

Figure    9.   Absorption spectrum of products obtained with an acid hydrolysate 
of pooled human serum after CyR3         10 

Figure 10.   Absorption spectrum of products obtained with an unhydrolyzed 
sample of pooled human serum after CyR3        10 

Figure 11.   Absorption spectrum of products obtained from tryptophan after 
CyR3         11 

Figure 12.   Absorption spectrum of products obtained from tryptophan in the 
presence of galactose and mannose after CyR3        11 

Figure 13.   Absorption spectra of products obtained from fucose, galactose, 
mannose and tryptophan after CyR3         12 

n 



LIST OF FIGURES (continued) 

Page 

Figure 14.   Absorption spectrum of products obtained from fucose in the 
presence of tryptophan after CyR3        12 

Figure 15.   Absorption spectra of products obtained after CyR3 from a pooled 
human serum with and without the addition of tryptophan and 
cysteine         13 

Figure 16.   Absorption spectra of products obtained from a human serum 
sample and a fucose standard after CyRlO and CyR3      ....        15 

Figure 17.   Serum fucose levels of human sera obtained by two different 
methods         17 

Figure 18.   Serum fucose levels of human sera obtained by two different 
methods after correction for hexose interference         17 

TABLE 

Table      I.   Serum Fucose Levels Obtained by Various Methods         16 

111 



FOREWORD 
(Nontechnical summary) 

The methylpentose L-fucose (6-deoxy-L-galactose) is a terminally bound carbo- 

hydrate on many glycoproteins.   The determination of the fucose content of these gly- 

coproteins is usually performed by one or more modifications to the cysteine-sulfuric 

acid reaction (CyR) in which sugars are converted to furfural derivatives and other 

degradation products with subsequent development of colored products which may be 

quantified by spectrophotometry.   The shape and position of the absorption spectrum 

of the reaction products are the basis for calculating the concentration of fucose; 

(A -A )        -   (A -A ) v   396 nm 430 mn' v   396 nm 430 nm' 
[Fucose]  = ^L- ■ 2_ x   [s] 

K   396 nm 430 nm' 
ST 

where SU is the optical density increment (ODI) of the sample with cysteine added;   B 

is the ODI of the sample without cysteine;   and ST is the ODI of a known amount of 

fucose with cysteine [S].   Maximum absorption occurs at approximately 396 nm.   The 

absorption at 430 nm is used as a correction for chromogens produced by nonfucose 

sugars. 

The objective of this investigation was to determine the reliability of the fucose 

levels obtained by these methods since an elevated level of serum glycoprotein fucose 

has recently been suggested as a diagnostic aid for the detection of malignancy. 

Our study reveals that the fucose values obtained by the method employing 

absorption at two wavelengths (396 nm and 430 nm) are a measure of both the methyl- 

pentose content and protein-bound hexose (e.g. , galactose and mannose) content of 



the glycoprotein material. This report presents information on (1) the nature of the 

protein-bound hexose interference, (2) the fucose levels obtained by various analyt- 

ical methods, and   (3) an analytical method which increases the specificity of the CyR. 

VI 



ABSTRACT 

The effect of galactose, mannose, and tryptophan on the determination of the 

methylpentose L-fucose in glycoproteins by the cysteine-sulfuric acid reaction is 

described.   Under certain analytical conditions, protein-bound hexoses significantly 

contribute to the apparent fucose level.   The true fucose level may be approximated 

under these same conditions by means of an empirically derived equation relating 

the concentration of serum protein-bound hexoses to the true fucose level.   Fucose 

levels obtained with pathological and nonpathological sera by various methods are 

compared and specific conditions for the reliability of the statistics are defined and 

discussed. 

vu 





I.    INTRODUCTION 

The methylpentose L-fucose (6-deoxy-L-galactose) is a terminally bound carbo- 

19 
hydrate on many glycoproteins.  '   Recent studies have indicated that the level of 

9  12 
serum glycoprotein fucose is elevated in malignancy '      and after a glucose load in 

13 
diabetes mellitus. '   As a result it has been suggested that the fucose level may pro- 

9  12 
vide a useful diagnostic aid in these pathological conditions.  '       While considerable 

effort has been made with regard to the study of alterations of serum fucose levels in 

18 
various pathological and nonpathological conditions,     very little attention has been 

directed toward defining the reliability of the analytical procedures involved in fucose 

de te r m ina tions. 

12 
Rosato and Seltzer     have reported that the determination does not have the 

accuracy required of a screening procedure, e.g., they encountered 18 to 30 percent 

false-positives (elevated serum fucose levels associated with benign disease).   Other 

evidence     suggests that the apparent fucose levels obtained after a glucose load may 

12  13 
not be true fucose.   The fucose levels in these studies    '      were determined by dif- 

ferent modifications to the original cysteine-sulfuric acid reactions (CyR) described 

3 
by Dische and Shettles. 

20 
The modification proposed by Winzler      is the method usually employed for the 

determination of serum glycoprotein fucose in spite of the fact that nonfucose moieties 

7  8  10 
contribute spurious chromogens to the CyR.  '   '       The assumption has been made 

that the absorption of chromogen produced in the CyR with glycoproteins at 430 nm is 

a measure of the nonfucose components and that the absorption increment between 

the methylpentose maximum of 396 nm and 430 nm is a reliable measure of the fucose 



content of glycoprotein analogous to Dische and Shettles' findings with nonglycopro- 

, 3 
tein material. 

Recent evidence obtained in this laboratory from studies on fucose levels in 

patients with various pathological conditions suggested that the serum protein-bound 

neutral hexose level influences the apparent fucose level determined by Winzler's 

20 
method     and that the specificity of the fucose method is a significant factor in inter- 

preting the apparent fucose level.   We have, therefore, investigated the CyR as 

applied to the analysis of glycoproteins to better define the sources of error.   This 

report describes the effect of nonfucose glycoprotein moieties (galactose, mannose, 

and tryptophan) on the fucose analysis by CyR, introduces an empirical relationship 

between the apparent fucose level and the galactose-mannose concentration which may 

be used to give a more accurate estimate of "true" fucose levels, and finally com- 

pares the fucose levels obtained by various methods from pathological and nonpatho- 

logical sera. 

II.    MATERIALS AND METHODS 

Chemicals.   Chroma to graphically pure L-fucose, D-galactose, D-mannose, and 

DL-cysteine HC1, L-tryptophan, /?-nicotinamide adenine dinucleotide (^S-NAD), 

Trizma base,* and reagent grade sulfuric acid"^ were used in this study.   L-fucose 

dehydrogenase was a gift of Dr. H. Schachter.* 

Analytical methods.   Fucose was determined either by:   (1) Winzler's modi- 

20 
fication     of the CyR3 and CyR 10 methods of Dische and Shettles using 50 /il of 

* Sigma Chemical Company, St. Louis, Missouri 
t Mallinckrodt Chemical Works, St. Louis, Missouri 
t Department of Biochemistry, University of Toronto, Canada 



serum,^   (2) Gyorky and Houck's' acid hydrolysis method (modified by hydrolyzing 

glycoproteins obtained from 100 fil of serum for 75 minutes with 1. 0 ml of 0, 6 N sul- 

17 
furic acid),   (3) Sobocinski et al.'s automated method,     or   (4) Finch et al.'s proce- 

5 
dure employing L-fucose dehydrogenase. 

The latter procedure was modified in the following manner:   glycoproteins from 

a 100 fil serum sample were precipitated with 1. 0 ml of 10 percent (w/v) trichloro- 

acetic acid, centrifuged at 12,000 rpm (17,300 x g) for 10 minutes at 5 C and the 

supernatant discarded.   The precipitate was washed twice with 5 ml portions of 

diethyl ether, centrifuged as above, air dried, and hydrolyzed with 1 ml of 0. 6 N sul- 

fur ic acid for 75 minutes at 100 C, cooled and centrifuged as above.   Fucose content 

of the acid hydrolysate (supernatant) was determined in a reaction mixture containing 

0. 5 ml of the acid hydrolysate, 1. 0 ml of 0, 67 M Trizma base (Tris [hydroxymethyl] 

5 
aminomethane), 2 moles of /J-NAD in 0. 5 ml, and 0. 05 ml L-fucose dehydrogenase. 

The reaction mixture had a final pH of 8.0.   Initial absorption at 340 nm was deter- 

mined and the reaction mixture was allowed to stand at room temperature for 2 hours 

before the final absorption at 340 nm (production of NADH) was determined.   Activity 

5 
of our enzyme preparation was approximately one-tenth that used by Finch et al. 

Serum protein-bound hexose content was determined by an automated modification of 

4 
the manual method described by Evans et al. 

With the exception of the automated fucose method, all absorbance readings 

were determined with a Beckman Acta II spectrophotometer.      Absorption spectra 

* Beckman Instruments, Inc., Fullerton, California 



were obtained with the spectrophotometer connected to a Sargent MR  recorder. 

Unless stated otherwise in the figure legend, optical density is expressed in arbitrary 

units which represent 0 to 100 percent of the millivolt range of the recording 

instrument. 

Statistical methods.    Lines drawn through experimental points were obtained 

with a Wang Series 700 advanced programming calculator using the "nth order regres- 

sion analysis" program No. 36. 

III.   RESULTS 

The absorption spectrum of the reaction products produced by an aqueous fucose 

3 
solution (20 /ng/ml) in the CyR3    is shown in Figure 1.   A single symmetric peak 

occurs with an absorption maximum at 400 nm. The position of the maximum differs 

3 
from the 396 nm reported by Dische and Shettles   but is the same as that reported by 

Aminoff and Morgan.     Very little absorption occurs at 430 nm. 

Figure 2 shows the absorption spectrum of the reaction products produced by 

an equimolar aqueous solution of galactose and mannose containing 75 /ig hexose/ml 

in the CyR3.   Maximum absorption for this single peak occurs around 411 nm with 

a large amount of absorption at 430 nm.   When the absorption spectra of various 

equimolar concentrations of galactose and mannose were examined, a small but 

measurable shift in wavelength of maximum absorption was detected.   Results such 

as those shown in Figure 3A indicate that, with higher concentrations of these hex- 

oses, the wavelength required to balance the optical density at 396 nm shifts toward 

* E. H. Sargent and Company, Chicago, Illinois 
t Wang Laboratories, Inc.,  Tewksbury, Massachusetts 



higher wavelengths, i.e. , toward 430 nm.   Figure 3B shows that these hexoses do not 

react to form chromogens in the absence of cysteine.   The correction for nonfucose 
* 

3 
sugars, absorption at 430 nm, employed by Dische and Shettles   depends on a sym- 

metrical absorption peak where the absorption (OD) at 396 nm is the same as at 430 nm, 

i. e.,   increment of OD 396 nm - OD 430 nm equals zero.    The wavelength actually 

required to balance the OD 396 nm for various concentrations of galactose and man- 

nose is presented in Figure 4.   The data indicate that the required wavelength varies 

with the concentration of nonfucose sugars present in the reaction mixture.    For the 

concentrations used, the wavelength varies by 4 nm and was never observed to be 

430 nm. 
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Figure 1.    Absorption spectrum of 
products formed by 
20 /ig/ml of fucose in 
the CyR3 
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Figure 2.    Absorption spectrum of 
products formed by an 
equimolar solution of 
galactose-mannose con- 
taining 75 /ig/ml of 
hexose in the CyR3 
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Figure 3.    Absorption spectra of products formed by various concentrations 
(0-0.5 mg/ml) of equimolar solutions of galactose-mannose in the 
CyR3.    A, with cysteine;   and B, without cysteine.    Scaled vertical 
lines were drawn at 400 nm and 430 nm to facilitate comparison of 
the amount of absorption at these two wavelengths.   The erratic 
spikes occurring at approximately 395 nm are due to a filter change 
in the spectrophotometer. 
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Figure 4. 
Effect of various concentrations of hexoses 
on the wavelength required to produce an 
absorption equal to that observed at 396 nm 
in the CyR3.    Experimental values ( + ) were 
obtained with either galactose or mannose. 
Line drawn through experimental points 

0.4     represents best fit (see text). 

The effect of various concentrations of equimolar mixtures of galactose and 

mannose on the OD of 5 and 10 /Llg/ml fucose standards when the CyR3 procedure is 

used and measurements are made at 430 nm and 396 nm is shown in Figure 5.   These 

results indicate that there is a linear relationship between OD increment and the 

amount of galactose and mannose in the reaction mixture and that the chromogens 



produced by these hexoses add to the fucose chromogens.   An empirical relationship 

was derived from the data presented in Figure 5 to correct the observed increment 

in OD in the presence of nonfucose sugars to an increment in OD due to fucose alone. 

The relationship may be expressed as: 

A     = Y - 0.452 (X) (1) 

where A    is the corrected increment (396 nm - 430 nm) in OD due to fucose, Y is the 

observed increment, and X is the amount (mg) of hexose present as galactose- 

mannose in the reaction mixture. 
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Figure 5. 
Effect of various concentrations of hexoses 
on the absorption increment obtained for 
fucose standards in the CyR3.    Equimolar 
solutions of galactose-mannose were used. 
Lines drawn through experimental points 
(+) are best fit (see text).    Equations for 
each line are shown. 

o I   i   l   I   i   I   i   i   i   i   I   i   i   i   i   I   i   i   i 

0 0.05 0.10 0.15 0.20 

HEXOSE (mg/ml) 

Figure  6 shows the change in absorption increment,   OD 396 nm - OD 430 nm, 

with time for a 20 jug/ml fucose solution.   Maximum absorption occurs 1-1/2 to 2 

hours after the addition of cysteine to the reaction mixture.   The absorption remains 

stable for at least 5 hours, contrary to a report made by Gibbons    but in agreement 

3 
with that of Dische and Shettles.     However, in a reaction mixture containing fucose 



and galactose-mannose the absorption increment increases with time.    These results 

are shown in Figure 7A.   The increase in absorption increment is due to a decrease 

in absorption of chromogens at 430 nm and a slight increase in chromogens measured 

at 396 nm shown in Figure 7B. 

Figure 6. 
Absorption increment for fucose at various 
times after CyR3.    The reaction mixture 
contained 20 fig/ml fucose. 

2 3 

TIME   (hours) 

Figure 7. 
A,  Absorption increment, and B,  ab- 
sorption at 396 and 430 nm for fucose 
in the presence of galactose and 
mannose at various times after CyR3. 
The reaction mixture contained 10 jug 
of fucose and 150 /ig of an equimolar 
mixture of galactose and mannose. 
Lines drawn through experimental 
points ( + ) are best fit (see text). 
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Figure 8 shows the increase in absorption of the reaction products liberated from 

a serum glycoprotein precipitate (human serum pool) after hydrolysis in 0. 6 N sulfuric 

acid for varying time intervals.   Hydrolysis of reactive moieties is complete after 75 

minutes.   According to the data presented in Figure 8, the 60-minute time interval 

employed by Gyorky and Houck   results in only 75 percent hydrolysis.   Heating beyond 

105 minutes resulted in a rapid breakdown of reactive moieties when absorption was 

measured at 396 nm and 430 nm.   Figure 9 shows the absorption spectrum of the reac- 

tion products when an aliquot of an acid hydrolysate of a human serum pool was assayed 

for fucose by the CyR3 method.   Figure 10 is the absorption spectrum obtained for the 

reaction products when the same human serum pool was assayed for fucose using 

Winzler's20 modification of the CyRS.   The use of acid hydrolysis lowers the absorp- 

tion at 396 nm and greatly reduces the absorption measured above 400 nm especially 

0.6 

< u 
H 
O- 
o 

Figure 8. 
Absorption of an acid hydrolysate of pooled 
human serum measured at 396 and 430 nm 
at various times after CyR3.    Conditions for 
hydrolysis are described in the text.    Lines 
drawn through experimental points are best 
fit (see text). 
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Figure 9.    Absorption spectrum of 
products obtained with an 
acid hydrolysate of pooled 
human serum after CyR3. 
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Figure 10.    Absorption spectrum of 
products obtained with Ln 
unhydrolyzed sample of 
pooled human serum 
after CyR3. 

the peak observed at 510 nm with the Winzler procedure.   This latter peak is due pri- 

marily to chromogens produced by tryptophan in the presence of galactose and mannose. 

Figures 11 and 12 show the absorption spectra obtained in the CyR3 with trypto- 

phan (50 Mg/ml) and an equimolar concentration of galactose and mannose (75 /ig/ml) 

in the presence of tryptophan (50 jug/ml), respectively, in the CyRS. 

Figure 13A and B shows the absorption spectra obtained with a solution con- 

taining 20 /^g/ml of fucose and 75 /ig/ml of equimolar galactose-mannose in the CyR3 

with 30 jug/ml and 50 jUg/ml of tryptophan added, respectively.   There is no apparent 

10 
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Figure 11.    Absorption spectrum of 
products obtained from 
tryptophan after CyR3. 
The reaction mixture 
contained 50 jtlg of 
tryptophan. 
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Figure 12.    Absorption spectrum of 
products obtained from 
tryptophan in the presence 
of galactose and mannose 
after CyR3.    The reaction 
mixture contained 50 ^tg 
of tryptophan and 75 jig of 
an equimolar solution of 
galactose-mannose. 

effect on the absorption of the major peak but there is an increase in absorption at 

510 nm due to the presence of an increased amount of tryptophan.   Figure 14 shows 

that fucose (20 /Lig/ml) and tryptophan (50 /ig/ml) do not interact in the CyR3 to pro- 

duce an absorption peak at 510 nm as previously shown for hexoses and tryptophan. 

Figure 15 shows the results obtained when a sample from a human serum pool 

(50 ^il) was assayed by CyRS in the absence of added tryptophan (A-l), and when 

50 jug (A-2) and 100 jig (A-3) of tryptophan were added to the reaction mixture.   The 

B series represented in Figure 15 was obtained without cysteine but with the corre- 

sponding amounts of tryptophan.    Tryptophan added in the reaction mixture with 

Li 
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Absorption spectra of products obtained from 
fucose, galactose, mannose and tryptophan after 
CyR3.    The reaction mixture contained 20 jig 
fucose, 75 jig hexose (equimolar solution of 
galactose-mannose), and A, 30 jig tryptophan, 
or B, 50 ^xg tryptophan. 
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after CyR3.    The reaction mixture con- 
tained 20 Hg fucose and 50 jig of 
tryptophan. 
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cysteine slightly lowers the absorption spectrum of the major peak and increases the 

absorption at 510 nm.   Under these experimental conditions the absorption at 510 nm 

is linearly related to the tryptophan concentration.   The decrease in absorption 

increment (396 nm - 430 nm) in the presence of either 50 /ig or 100 jjig of added tryp- 

tophan is approximately 5 percent. 
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IDENTIFICATION 

OPTICAL DENSITY 

396 nm 430 nm 396nm - 430nm 510 nm 

A-1 
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0.074 0.095 0.086 

A-2 
B-2 
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0.179 

0.236 
0.102 0.090 0.152 

A-3 
B-3 

0.410 
0.194 

0.243 
0.117 0.090 0.210 

Figure 15.    Absorption spectra of products obtained after CyR3 from a pooled 
human serum (PHS) with and without the addition of tryptophan and 
cysteine.    A represents PHS with cysteine;   A-1, no added trypto- 
phan;   A-2, 50 jig added tryptophan;   A-3, 100 \i<g added tryptophan, 
B represents PHS without cysteine but with tryptophan as described 
for A.   Optical density measurements at various wavelengths are 
shown in the table.    Fifty microliters of PHS were used for each 
experiment. 

13 



3 
Since reference to the fucose procedure of Dische and Shettles   may cite either 

CyR3 or CyRlO (the number indicates the time of incubation at 100OC), it was perti- 

nent to compare the results obtained on a single serum sample by these two methods. 

Figure 16 shows the absorption spectra obtained when a patient serum sample (N-25) 

and a 20 fjg/ml fucose standard were assayed by CyR3 and CyRlO.   Use of CyR3 with 

glycoprotein samples results in an absorption spectrum showing increased absorption 

of the major peak when compared to CyRlO (Figure 16A and C).   The decrease in 

absorption at 396 nm and 430 nm for N-25 in the CyRlO was 37 and 52 percent, respec- 

tively, when compared to CyR3.    The decrease in absorption at 396 nm for a fucose 

standard (20 jug) is only 14 percent and at 430 nm it is negligible (Figure 16E and F). 

The differential in destruction of chromogens in CyRlO at 430 nm and 396 nm results 

in a higher optical density increment for N-25 with CyRlO than with CyR3, i.e. , 

higher apparent fucose levels are obtained with CyRlO.   Figure 16B and D represents 

absorption spectra obtained for N-25 by CyR3 and CyRlO without added cysteine, 

respectively. 

The results obtained when a human serum pool was assayed by five methods are 

shown in Table I.   If the value obtained for fucose by the L-fucose dehydrogenase 

procedure represents the true fucose level, no significant difference between mean 

17 20 
fucose values exists when values obtained by automated     or CyR3     corrected by 

equation (1) are compared.   The highest values were obtained with Winzler's modi- 

20 
fication of the Dische and Shettles CyR3.       The use of the internal standard method 

3 
suggested by Dische and Shettles   yields results comparable to those obtained by 

20 
Winzler's modifications. 

14 
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Figure 16.    Absorption spectra of products obtained from a human serum sample 
and a fucose standard after CyRlO and CyR3.    Identification of 
spectra:   A, patient N-25, CyR3 with cysteine;   B, patient N-25, 
CyR3 without cysteine;   C, patient N-25, CyRlO with cysteine; 
D, patient N-25,  CyRlO without cysteine;   E,  20 fxg fucose,  CyRlO; 
F,  20 fig fucose, CyR3. 

15 



Table I.    Serum Fucose Levels Obtained by Various 
Methods 

Specimen 

Analytical method 

Automated17 Manual 
(Winzler20) 

Enzymic 
Manual 

(corrected by 
equation (1)) 

Internal 
standard3 

NHP+ 7.2 ±0.7 
(10) 

9.5 + 1.1 

(9) 
6.6 ± 1.4 

(10) 
5.9 +1.1 

(9) 
9.5 ± 1.6 

(6) 

*   Methods are described in the text;   fucose levels are shown as the mean 
mg/100 ml + S.D. 

t   NHP = normal human serum pool;    number of determinations are shown 
in parentheses 

Figures 17 and 18 show the results obtained when serum fucose levels from 20 

patients were determined by the automated and manual Winzler techniques and com- 

pared, respectively, before and after the manual results were corrected by equation 

(1).   A linear correlation exists between the two methods whether the manual results 

are corrected or uncorrected;   however, as shown in Figure 17, the manual results 

are, with the exception of one determination, higher than the automated results. 

Adjusting the manual results with respect to the protein-bound hexose content of the 

serum lowers the fucose value and a correlation coefficient close to unity is obtained 

(Figure 18).   One of the serum samples, patient N-25, was icteric and contained a 

highly elevated level of protein-bound hexose (450.9 mg/100 ml).   The protein-bound 

hexose content of the 20 serum samples ranged from 99.6 to 450.9 mg/100 ml with a 

mean of 176.4 ± 73.2 mg/100 ml (S.D.). 
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0 4 8 12 16 

FUCOSE, mg/100 ml   (AUTOMATED) 

Figure 17.    Serum fucose levels of human sera obtained by two different meth- 
ods.   Vertical lines represent the range of values obtained by the 
manual CyR3 method described in the text.    The solid line repre- 
sents a correlation coefficient of unity.    The dashed line represents 
best fit (see text).    Experimental points ( + ) labeled N-25 repre- 
sent values obtained for a human serum containing an extremely 
elevated protein-bound carbohydrate level (see text). 

4 8 12 16 

FUCOSE, mg/100 ml    (AUTOMATED) 

Figure 18.    Serum fucose levels of human sera obtained by two different meth- 
ods after correction for hexose interference.    Manual values shown 
in Figure 17 were corrected by use of equation (1) (see text). 
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IV.   DISCUSSION 

Evidence presented in this study clearly demonstrates that the fucose levels 

obtained for glycoproteins by Winzler's modification20 of the Dische and Shettles 

3 
CyR3   are not true fucose levels but rather a measure of the protein-bound methyl- 

pentose and hexose content.   The nonspecificity of the method is attributable to the 

erroneous use of CyR3 absorption increment (AI) between the two wavelengths 396 nm 

and 430 nm as a measure of the absorption due specifically to fucose.   This absorption 

increment is linearly related to both fucose and hexose concentrations, i.e., AI is 

positive for hexoses in the absence of fucose and not zero as generally assumed from 

the work of Dische and Shettles.3 In fact, it was pointed out by Dische and Shettles3 

that the wavelength (W) at which absorption of CyR3 due to hexoses equals absorption 

at 396 nm must be experimentally determined when fucose analyses are performed in 

the presence of hexose because of small variations in time necessary to bring reaction 

mixtures to 100oC.   Our results indicate that the value for W depends on the concen- 

tration of hexoses present in the CyR3 which in turn is dependent on the protein- 

bound hexose content of the serum glycoprotein when the analytical method proposed 

20 
by Winzler     is used.   It is easy to see how false-positive results, e.g., elevated 

fucose levels in benign disease, could be found since elevated protein-bound hexose 

levels have been reported in various nonmalignant diseases.      We suggest that when 

fucose levels are determined by Winzler's technique false-positives may be detected 

by use of equation (1);   however, values used in this equation may vary with different 

experimental conditions and should be determined by each laboratory.   The use of an 

q 
internal standard as suggested by Dische and Shettles   would not correct falsely 
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elevated fucose levels for the following reason:   when a known amount of fucose is 

added to an unknown solution it displaces theAI by an increment equal to that observed 

by adding the same amount of fucose to an aqueous standard fucose solution.   What is 

important to determine is which standard fucose curve pertains to the specimen. 

This determination is made according to the hexose content of the specimen. 

The role of tryptophan in the CyR3 appears to be the production of chromogens 

in the presence of hexoses with maximum absorption at 510 nm.   A similar interac- 

tion of tryptophan and sugars under the catalytic influence of acid and its possible 

interference with absorption measurements made at 505 nm has been well docu- 

mented.       The finding that 50 /ig or 100 jug of tryptophan decreases the absorption 

increment to the same extent (5 percent) suggests that the absorption at 510 nm is 

not the result of the conversion of much of the hexose-cysteine chromogen at 400 nm 

to a new chromogen with an absorption maximum at 510 nm as suggested by 

McMillan et al.     but rather that degradation products of hexoses and tryptophan 

interact to form new chromogens whose absorption at 510 nm is independent of the 

absorption of chromogens between 396 nm and 430 nm.   In our studies, 50 jug of tryp- 

tophan in the CyR3 is within the range that would be expected to be present in 50 ^1 of 

2 20 
normal serum,   the volume used in this study for the Winzler    procedure.   In view of 

this, higher levels of protein-tryptophan encountered in serum samples from patients 

with neoplasms     would be expected to produce increased absorption at 510 nm with 

15 
the CyR3.   Shetlar et al.     proposed the tryptophan-sugar reaction as a method for 

the determination of serum polysaccharide and showed that bilirubin in the presence 

of sulfuric acid and tryptophan contributes chromogens with absorption at 400 nm. 
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This latter finding may explain why we were unable to correct the fucose levels 

obtained for patient N-25 by adjusting for hexose (equation (1)). 

Another area of concern in interpreting fucose analyses performed by investiga- 

o 
tors using CyR is that the citation of Dische and Shettles   as a reference could mean 

either the CyR3 or CyRlO procedure, two methods which do not produce identical 

results with glycoprotein material, i. e., the fucose value obtained by CyRlO > CyR3. 

This observation may be pertinent to the fucose levels reported by Shaw et al.      in 

that they used a modification of CyRlO.    Their observation of elevated fucose levels 

in early diabetes after a glucose load has been criticized by McMillan et al.     as 

being due to glucose interference in the methodology.   Although this may explain the 

elevated fucose levels in early diabetes when glucose levels differ from normals 

(after a glucose load) it fails to explain the elevated fucose levels where glucose 

levels of early diabetics are the same as normals.   We suggest that a possible expla- 

nation for the latter finding resides in either (1) the protein-bound carbohydrate level 

of the early diabetic is elevated at this time and because of the peculiarities of CyRlO 

the apparent fucose levels are elevated, or (2) the apparent rise in fucose level is not 

artifactual in these patients;   however, both require further investigation. 

We believe that the use of L-fucose dehydrogenase (FDH) as suggested by 

Finch et al.   provides the most specificity and is the method of choice;  however, the 

enzyme is not commercially available and its preparation is beyond the capability of 

most clinical laboratories.   Prior acid hydrolysis of terminal fucose residues of 

glycoproteins followed by application of CyR3 as suggested by Gyorky and Houck 

appears to be the best practical method available for fucose determinations since it 

20 



eliminates a large amount of interfering hexoses.   We have automated this proce- 

dure17 to provide   (1) a better approximation of "true" fucose levels, and  (2) a rapid 

method for screening large numbers of samples.   The FDH procedure is easily adapt- 

able to an automated procedure and should be the method of choice if the enzyme 

becomes commercially available in large quantities. 

-■- 
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