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The uranic acid residues of all known glycosamino&curonans reacted with 5- 

aminofluorescein to yield fluorescent glycosaminogtycuronan derivatives, which 
showed fluorescence characteristics identical to those of A uorescein or 5-acetamido- 
fluorescein. The fluorescent products could be purified by chromatography on Octyl- 
Sepharose; three preparations of labeled chondroitin 6-sulfate having different degrees 
of substitution, and a labeled heparin were cbtained. Fluorescent hyaluronic acid 
containing labeled and unlabeled molecules was digested with testicular hyaiuronidase 
to give fluorescent oligosaccharides. Fluorescent chondroitin 6-sulfate was treated 
with chondroitinase AC to give a nonfluorescent disaccharide and a minor pro- 
portion of fluorescent octasaccharide. Fluorescent heparin retained its anticoagulant 
activity, which was similar to that of the starting heparin; its half-life in circulating 
rabbit blood was 36 min (by fluorometry) and 45 min (by clotting-time assay)_ 

INTRODUCTION 

Various biologically significant proteins have been labeled with fluorescent 
substances in order to apply them as a fluorescent probe in immunological studies. 
In the field of carbohydrates, one of the first attempts to prepare fluorescent dextran 
and hyaluronic acid empIoyed isothiocyanatofluorescein’ s2_ An attempt to label 
the free amino groups of heparin with S-isothiocyanatofluorescein was reported from 
our laboratory’. Since then, we have been investigating the labeling of gtycosamino- 
glycuronans in order to use the fluorescent products obtained for studying the 
function and metabolism of exogenously administered glycosaminoglycuronans. 

5-Aminofluorescein (2) is slightly fluorescent [l/l 50 of the relative fluorescence 
intensity of fluorescein (l)], but its N-acetyl derivative, 5-acetamidofluorescein (3), 
has been found to be strongly fluorescent (Table I). In our procedure for the prepara- 
tion of fluorescent glycosaminoglycuronans, the amino group of 5-aminofluorescein 
reacted with the carboxyl group of uranic acid residues in the polysaccharides in the 
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TABLE I 

U.V. XBSORPTIOS AND FLCORESCESCE DATA FOR FLUORESCEIS ASD ITS DERIVAlWES= 

Absorbance 

Ll.zz (nm) -cl0 Iar 

absorption 

coeficient 

I:. IO-:) 

Fhorescence 
____ 

i.,, llull) Zcrn (nm) RFltIAxm 

1 490 8.79 491 515 2900 
2 490 9.10 491 515 20 
3 490 s-94 491 515 2900 

“Measurement of absorbance and fluorescence intensity of each compound was made for solutions in 
50mx borate buffer, pH 10.0. “Relative fluorescence intensity. 
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fluorescent 

presence of suitable condensin, = reagents, e.g., 3- (3-dimethylaminopropyl)-I-ethyl 

carbodiimide. The present report describes the preparation of fluorescent derivatives 
of typical glycosaminogljfcuronans, their analytical properties compared with those 
of the parent polysaccharides, and some basic experiments in biological systems. 

EXPERIMENTAL 

Materials. - Hog mucosal heparin (anticoagulant activity, 161 USP units/mg) 
and S-aminofluorescein were purchased from Sigma Chemical Co., St_ Louis, MO 
63175. Hyaluronic acid (rooster comb, mol_ wt_ 2 000 000 by viscosity measurement), 
chondroitin 4-sulfate (mol. wt. 64 500 by the Nelson-Somo,zi method), chondroitin 
6-sulfate (mol. wt. 65 000 by the light-scattering method), dermatan sulfate (hog skin), 
and heparan sulfate (bovine kidney, 1.25~1 sodium chloride fraction from Dowex 1 
column) were supp!ied by Seikagaku Kogyo Co. Ltd., Tokyo, Japan. 3-(3-Dimethyl- 
aminopropyl)-1-ethyl-carbodiimide was obtained from the Protein Research 
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Foundation, Osaka, Japan. Bovine testicular hyaluronidase (Type IV) and chondroiti- 
nase AC (Arthrobacter awescens) were purchased from Sigma Chemical Co. and 
Seikagaku Kogyo Co. Ltd., respectively. The methyl glycoside of N-acetyichondrosine 
was obtained” by solvolysis of chondroitin 4- or B-sulfate (pyridinium salt) with 
dimethyl sulfoxide containing 10 72 of methanol for 18 h at 95 O_ Standard N-acetyl- 
chondrosine and its oligomers were obtained by solvolytic depolymerization of 
chondroitin 6-sulfate (pyridinium salt) in 9: 1 water-dimethyl sulfoxide for 14 h at 
90”, followed by separation on AG I-X4 ion-exchange resin’. 

Anai’tical methods. - The uranic acid content was determined by the carbazole 
method6 with D-glucurono-6,3-lactone as standard. Hexosamine determination of the 
glycosaminoglycuronans and oligosaccharides carrying 5-aminofluorescein groups 
was performed after removal of the bound fluorescein groups_ After hydrolysis with 
3xr hydrochloric acid for 16 h at 100” and complete removal of hydrochloric acid, a 
solution of the hydrolyzed product in water (2 mL) was loaded onto a column (0.4 x 
18 cm) of Dowex SOW-XS (H’, 200-400 mesh) cation-exchange resin, which was 
eluted successively with water (30 ml_) and 0.351 hydrochloric acid (90 mL)_ The 
fraction eluted with 0.3~ hydrochloric acid was subjected to hexosamine determina- 
tion by a modification of the Elson-Morgan procedure’. The hexosamine content 
of the reduced fluorescent oligosaccharides was determined by the aforementioned 
procedure. after reduction with sodium borohydride’. The total sulfate content 
was determined by the turbidimetric method’, and the N-sulfate content by the 
previously reported method’“. The degree of substitution of fluorescent glycos- 
aminoglycuronans was expressed as the molar ratio of bound 5-aminofluorescein 
groups to disaccharide units. The number of bound 5-aminofluorescein groups was 
calculated from the molar absorption coefficient of 5-acetamidofluorescein (S9 400 
in 50mAr borate buffer, pH 10, at 490 nm), and the number of disaccharide units 
by hexosamine determination. The fluorescence intensity at 515 run was measured 
for a solution in 50mxi borate buffer (PH lO.O), under excitation at 491 nm, with a 
Hitachi 204 spectrofluorometer. 

Cellulose acetate membrane electrophoresis was carried out on Separax strips 
(Fuji Photo Film Co., Tokyo, Japan) for a solution in 50mhr lithium chloride-lOm\r 
hydrochloric acid (pH 2.0) or 0-3~1 pyridine-O_44hr acetic acid (pH 5.2) with a current 
of 1 mA/cm for 20 min The fluorescent bands on a strip were located under u.v.- 
irradiation at 365 nm, after exposure to ammonia vapor, and then the strip was 
stained with a 0.5 y! solution of Alcian Blue. 

Analytical gel-chromatography was performed on the gel selected. Each 
sample (2 mg), dissolved in 0.1% sodium chloride (1 mL), was applied to a column 
(1.5 x SO cm) of the gel prepared in 0.151r sodium chloride and eluted with the same 
solution at a flow rate of 20 mL/h. Fractions (2 mL per tube) were analyzed for 
uranic acid and for relative fluorescence-intensity_ 

T.1.c. was performed on precoated Silica gel 60 plates (Merck, Darmstadt) 
developed with 3 : 1 (v/v) chloroform-ethanol (solvent A) or 50 : 10 : 1 (v/v) ethyl 
acetate-methanol-butyyl acetate (soltient B); and on precoated cellulose plates 
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(Merck) developed with 5 : 3 (v/v) butyric acid-O.5bf ammonium hydroxide (solvent 
C) or 15 : 10 : 3 : 12 (v/v) I-butanol-pyridine-acetic acid-water (solvent O)_ For 

detection of faintly fluorescent 5-aminofluorcscein, the plate was sprayed with acetic 
anhydride and heated for IO min at 80 ‘, and then observed under U.V. irradiation. 
Oligosaccharides were detected with the p-aminohippuric acid-phthalic acid” or 
alkaline silver nitrate reagent” with JV-acetylchondrosine and its oligomers as 

standards. 
The anticoagulant activity was assayed by the U.S. Pharmacopoeia whole- 

blood assay method. 
5-Acetamidojhorescein (3). - S-Aminofluorescein (2) (500 mg) dissolved in 

O_lbr sodium hydroxide (50 mL) was treated with acetic anhydride (2 mL) with stirring 
at room temperature for 30 min. The pH of the reaction mixture was kept at 6.5-7-O 
by adding d-511 sodium hydroxide as required durln g the reaction_ The precipitate 
formed by acidification (pH 4.5) with acetic acid was separated and recrystallized three 
times from 2: 1 (v/v) acetone-water, to afford orange-yellow crystals (262 mg), m-p. 
237-210” (ciec_), R, O-40 (solvent A), 0.33 (solvent 13). 

Anal. Calc. for C12H,_zN0,: C, 67.57; H. 3.88; N, 3.60. Found: C, 67.92; 
H, 3.90; N. 3.52. 

5-Acetamidojhorescein-3’.6’-diyl diacetate (4)_ - To a solution of S-amino- 
fluorescein (2) (500 mg) in pyridine (10 mL). was added acetic anhydride (4 mL) with 
stirring, and the reaction mixture was boiled under reflux for 1 h at 120”. It was then 
poured into cold water (3 vol.). The precipitate (412 mg) was recrystallized twice 
from 1: I (v/v) acetone-water to afford slightly brown crystals (180 mg), m-p. 
> 300”, RF 0.64 (solvent B). 

Anal. Calc. for C,,H,.NO,: C, 65.96; H, 4.05; N, 2.96. Found: C, 66.02; 
H, 4.15; N, 2.SS. 

This compound is soluble in acetone, but insoluble in water. It dissolved in 
0. I&I sodium hydroxide within 2 min at 30”, and decomposed into 5-acetamido- 
fl uorescein. 

5Aminofluorescein-Zabeled methyl glpzoside of I\i-acetJ?~cilondrosine. - To a 
solution of the methyl glycoside of N-acetylchondrosine (100 mg) in 20 mL of 3: 1 
(v/v) JI hydrochIoric acid-pyridine, 5-aminoffuorescein (95 mg) dissolved in 1: I 
(v/v) M hydrochloric acid-pyridine (4 mL) was added. The pH of the solution was 
adjusted to 4.75 with 12&f hydrochloric acid. 3-(3-Dimethylaminopropyl)-l-ethyl- 
c-arbodiimide (O-27 mL) was added to the reaction mixture with stirring at room 
temperature, and the pH was maintained at 4.75 by the addition of 6~ hydrochloric 
acid. After 1 h, the reaction mixture was concentrated under diminished pressure 
and extracted with ethyl acetate until the organic layer showed no color. The aqueous 
layer was chromatographed on a column (l-5 x 30 cm) of Amberlite XAD-4 (poly- 
merized ;tyrene and divinylbenzene, a packin, e material for adsorption chromato- 
graphy) with a stepwise elution with water (60 mL), 1:4 (v/v) methanol-water 
(60 mL), and I:2 (v/v) methanol-water (60 mL). The fractions eluted with 1:2 
(v/v) methanol-water were combined and evaporated under diminished pressure to 
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TABLE II 

ANALYTICAL DATA FOR %%MLXOFL~JORESCEIN-LABELED OLIGOSACCHARIDES ISOLATED FROM ESZYMIC 

DIG= OF FI_UORESCEhT HYALUROMC ACID AKD FLUORESCENT CHOSDROITIN 6-SULFATE BY GEL 

CHROMATOGRAPHY ON SEPHALXX G-25 

5-Aminoflaorescein-labeled RF 
oiigosaccharide valaea 

Hexosamine (mmdlgl Hexo~aminej 

Before After BjA 
fictorescein 

reduction reduction 
group 

(4 (BI 
(moIfmol) 

5Aminofluoresceiu-Iabeled methyl 
glycoside of N-acetylchondrosine 0.83 1_12(1_29)b O(0) 0 l-05(1 .O) 
Peaks of the chromatogram of 
hyaluronidase-digests of ff uorescent 
hyaluronic acid 

Peak 4 (octasaccharide) 0.54 2.12 1.67 0.77(0.75) 3.90(3.0) 
Peak 5 (hexasaccharide) 0.64 1.89 1.30 0.69(0.67) 3.oq3.0) 

Peaks of the chromatogram of 
chondroitinase-digests of ff uorescent 
chondroitin 6-sulfate 

Peak 2 (octasaccharide) 0.53 1.54 1.12 O-73(0.75) 3.74(4.0) 
Peak 3 (tetrasaccharide) 0.71 1.40 0.69 0.49(0.50) 7S0s(3.0) 

-- -I_ -- -_. _-____-____-_ _ 

=Obtained by t.1.c. on cellulose p!ate with solvent D. bTheoretical values are given in parentheses_ 

dryness. The residue was dissolved in 0.1 AK sodium hydroxide (10 mL) and incubated 
for 20 h at 30”. The mixture, made neutral with 31 hydrochloric acid, was applied to 
a coiumn (2.5 x 55 cm) of Toyopearl HW-40 (polymerized hydrophilic vinyl mono- 
mer, a packing material for gel filtration, Toyo Soda Ko,9yo Co., Ltd., Tokyo, 
Japan), prepared in 1 :3 (v/v) ethanol-water and eluted with the same solvent_ The 
fractions showing a high intensity of fluorescence (I(,, 0.81) were collected and 
rechromatographed under the same conditions. The purified material was lyophilized 
to give a yellow powder (28 mg)). The analytical data for this material are listed in 
Table IL 

Comparison of alkaline stability of 5-uinillo~uoresceirl and irs acetyiated deriv- 
atives. - To each solution of 2,3 and 4 (2 mg each) in acetone (1 mL, was added 0.2~ 
sodium hydroxide (I mL). Each of the reaction mixtures was incubated at 30” 
and analyzed by t.1.c. at intervals of 0 min (solvent A), 2 min (solvent A), and 24 h 
(solvents A and B) after incubation had been started. 

Preparation offluorescent gi~cosal?lin@g~scuronans. - The following procedure 
is given as an example for labeling chondroitin 6-sulfate (changes for labeling other 
glycosaminoglycuronans are given in Table III). To a solution of chondroitin 6- 
sulfate (100 mg, sodium salt) in 3 : I (v/v) M hydrochloric acid-pyridine (20 mL), 
was added S-aminofluorescein (2) (114 mg, 1.6 mol. equiv. per disaccharide unit) 
in 1: 1 (v/v) M hydrochloric acid-pyridine (4 mL), and the pH was adjusted to 4.75 
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with 12~ hydrochloric acid. 3-(3-Dimethylaminopropyl)-1-ethykarbodiimitle (O-33 

mL, 9.8 mol. equiv. per disaccharide unit) was added to the mixture with stirring ai 
room temperature, and the pH was maintained at 4.75 by the addition of 6~ hydro-’ 
chloric acid. After 1 h, the mixture was transferred to a dialysis bag (Visking tube, 
30/20) and was dialyzed against running distilled water (not tap water!) for 24 h. 
The dialyzate was mixed with cold ethanol (3 vol.) containing 1.35% of sodium 
acetate_ The precipitate was centrifuged off, washed with ethanol, and dissolved in 
0.1~ sodium hydroxide (20 mL). The solution was kept for 24 h at 30”, and then 
made neutral with 0.1 hr hydrochtoric acid. Cold ethanol containing 1.25 oA of sodium 
acetate (3 vol.) was added, the precipitate was centrifuged off, washed three times with 
ethanol, and then dissolved in water (100 mL). The solution was dialyzed against 
distihed water for 24 h. After adjustment of the pH to 6.5 with 0.1~ sodium hydroxide, 
the dialyzate was lyophilized to give the sodium salt of fluorescent chondroitin 6- 
sulfate (83 mg) as a yellow powder. No contamination with free 2 was detected by 
t.1.c. (soIvents A and B). Labeling conditions and analytical data for the A uorescent 
preparations are listed in Table III. 

Conlparison of the stabilities, ia alkaline medirnn, of chondroititz 6-sulfate labeled 

with fluorescein (1) or 5-a~?~i~loloptroresrPi~z (2). - Chondroitin 6-sulfates labeled 
either with 1 or 2 according to the labeling procedure described in the preceding 
paragraph, but without the alkaline treatment (0.1~ sodium hydroxide, 24 h, 30”), 
were used in this experiment. The detaiIs of the incubation procedure are given in the 
Iegend to Fig. I. After incubation, the pH of the reaction mixture was adjusted to 
7.0 with 0.5~ acetate buffer (pH 6.0), and cold ethanol (3 vol.) containing 1.25% 
sodium acetate was added. The precipitate formed was centrifuged off, and washed 

Fig. 1. Comparison of the stability, under alkaline conditions, of chondroitin &sulfates labeled with 
Buorescein (1) and EaminoRuoracein (2). l3e samples (2 mg each) were treated with 0.1~ sodium 
hydra.tide (1 mL) or M hydroxykunine (adjusted to pH 12.0 with ZM NaOH) (1 mL) at 30” for the 
periods indicated. The proportion (s/o) of ff uoreseein groups remaining in each reaction product was 
determined by the procedure described in the Experimentai section: Chondroitin asulfate labeled 
with 1 treated with: (A) 0.1~ sodium hydroxide, and u) M hydroxylamine @H 12.0). Chondroitin 
dsulfate labeled with 2 treated with: (0) 0.1~ sodium hydroxide, and (0) hf hydroxylamine @H 12.0). 
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A 

1 

Fraction1 Fraction 2 
n I I 

Fraction 3 

I 

fraction 4 

1200 
Elution volume (mL1 

Fig. 2. Separation of fluorescent chondroitin dsulfate into 5-aminofiuorescein-1abeIed and unlabeled 
fractions on Octyl-Sepharose CL-4B. Fluorescent chondroitin dsulfate (degree of substitution 0.039) 
(78 mg) was chromatographed in a column (1.5 x 80 cm) of Octyl-Sepharose CL-4B prepared in 
Z.Ox ammonium sulfate in 50mw phosphate buffer (pH 6.3), and eluted stepwise with 2.0~ (2 bed vol.), 
1.8~ (A, 2-g bed voi.), hf (B, 3.5 bed vol.), and no ammonium sulfate in 50mhr phosphate buffer (C, 
3.0 bed vol.) at a flow rate of 50 mL/h. Fractions (15 mL per tube) were analyzed for uranic acid 
(0) and relative fluorescence intensity at 515 nm (0). Each of the pooled fractions indicated by 
brackets was processed as described in the Exprimental section. 

four times with ethanol and once with ether. The ratio of absorbance at 490 nm for 

a solution in 5Om~ borate buffer @H 10.0) to absorbance of the product of the 
carbazole reaction of the precipitate was determined, and is expressed as percentage 
with reference to the ratio for the starting sample (Fig. 1). 

Separation of 5-atninoflnoresceitr-labeled from unlabeled fractions of fluorescent 
g~vcusattzitzogfyxronans. - The ff uorescent chondroitin 6-sulfate having a degree 

of substitution 0.039 (78 mg) was chromatographed on a column of Octyl-Sepharose 
CL4B (Pharmacia Fine Chemicals AB, Uppsala, Sweden) as described in the legend 
to Fig. 2. Fractions corresponding to each peak (Fig. 2) were combined, diluted ten 
times with an aqueous solution of cetylpyridinium chloride to reach a 0.3 % concentra- 
tion of CetyIpyridinium chIoride, and kept overnight at 37O. After centrifugation, 
each precipitate was collected, washed with 0.1 o? cetylpyridinium chloride solution, 
and redissolved in 2.1~ sodium chloride (10-20 mL). After addition with stirring of 
cold ethanol (3 vol.), the mixture was kept for 16 h at 4”. The precipitate was centri- 
fuged off, washed with 3 : 1 (v/v) ethanol-water, and dissolved in water (10 mL). 
The solution was desalted by passage through a column (2.6 x 92 cm) of Sephadex 
G-25, and lyophilized. Analytical data for Fractions l-4 (see Fig. 2) are reported in 
Table IV. 

The fluorescent heparin having a degree of substitution 0.039 (100 mg) was 
fractionated on the Octyl-Sepharose column by use of nearly the same procedure as 
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Fig. 3. Separation of fluorescent heparin into 5-aminofluorescein-labeled and unlabeled fractions on 
Octyl-Sepharose CL&k Fluorescent heparin (degree of substitution 0.039) (100 mg) was chromato- 
graphed according to the same procedure as described in the legend to Fig. 2, except for the stepwise 
elution system of 3.0~ (3.5 bed vol.), M (A, 2.5 bed vol.), and no ammonium sulfate in 50asr phos- 
phate buffer (B, 1.4 bed vol.). 

Peak 5 

o- 
20 30 40 SO 60 70 80 90 

Tube number 

Fig. 4. Gel chromatography, on Sephadex G-25, of the digestion products of fluorescent hyaluronic 
acid with testicular hyaluronidase. The digestion mixture, which had been centrifuged, was loaded 
onto a column (2.5 x SO cm1 of Sephadex G-25 prepared in 0.15~ ammonium carbonate, and ehtted 
with the same solution at a fiow rate of 30 mL/h. The eluent was collected (4_5-mL fractions) and 
was am&Ted for uranic acid (0) and relative fluorescence intensity at 515 run (O)- The fractions 
corresponding to each peak indicated by brackets were combined and lyophilii 
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Glucurono-6,3-la&one 

Tube number 

Fig. 5. Gel chromatography, on Sephadex G-25, of the digestion products of S-aminoffuorescein- 
labeled chondroitin 6-sulfate with chondroitinase AC_ The digestion mixture was chromatographed 
according to the same procedure as described in the legend to Fig. 4: (0) uranic acid; (a) re!ative 
fluorescence intensity at 515 nm. 

that just described, except for the molar concentrations of ammonium sulfate used for 
elution (Fig. 3). 

Digestion offluorescent il~alrrronic acid wit/r testicular I~~*alrrronidase. - Fluores- 
cent hyaluronic acid having a degree of substitution 0.0086 (30 mg) was dissolved in 
20m3r sodium chloride-60mbr acetate buffer (10 mt) @H X0), and incubated with 
10 000 units of bovine testicular hyaluronidase for 24 h at 37”. After neutralization 
with 0.2~ sodium hydroxide and heating in boiling water for 15 min, the mixture was 
centrifuged, and the supematant solution was chromatographed on a column of 
Sephadex G-25 as described in the legend to Fig. 4. The fractions corresponding to 
each peak in the Figure were combined and lyophilized. The fractions corresponding 
to Peaks 4 and 5 were analyzed for hexosamine before and after reduction, and for 
absorbance at 490 nm. These fractions were also analyzed by t.1.c. (solvents C and 0). 
Analytical data of the fractions are listed in Table II. 

Digestion of 5aminofl~rlorescein-labelen clzondroitin 6-sulfate with clzondroitinase 
AC. - The labeled fraction of chondroitin 6-sulfate having a degree of substi- 
tution 0.028 (Fraction 3 in Table IV) (30 mg) was dissolved in enriched Tris 
bufferI (pH 8.0, 14 mL) and incubated with chondroitinase AC (20 units) for 24 h 
at 37”. After being heated for 2 min in boiling water, the mixture was centrifuged, 
and the supematant soWion was chromato&mphed on Sephadex G-25 as described 
in the legend to Fig. 5. The fractions corresponding to each peak in the Figure were 
combined and Iyophilized. Analytical data for these fractions are listed in Table II. 

Examinafion of t/re srabiiity of the amide Ii&age between 5-aminofluorescein 
and gZyco.saminogZycuronans in bioZogicaZ systems. - The liver and kidney obtained 
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from a male rabbit were each homogenized with 0.1~ sodium chloride-Mm31 phos- 
phate buffer (4 vol.) (pH ?.O), and the homogenate was centrifuged at 4 5OOg for 
30 min. The Iabeled fractions of heparin (Fraction 2 in Table IV) and of chondroitin 
&sulfate (Fraction 3 in Table IV) were each dissolved in 0.1~1 sodium chloride- 
50m\! phosphate buffer (pH 7.0) at a concentration of 2 mg/mL. To 0.5 mL of each 
solution was added rabbit plasma, liver homogenate, or kidney homogenate (0.5 
mL each)_ Toluene (50 /rL) was added to the mixture, which was then incubated for 
24 h at 30’, dipped in ice-water, and then mixed with cold ethanol (3 vol.). After 
being kept for 1 h at 0”, the precipitate formed was centrifuged off, and the super- 
natant solution \vas evaporated to dryness. The ethanol-soluble fraction of each 
residue was analyzed for free 5-aminofiuorescein by t.I.c. on silica gel pIates in 

solvents ii and B. 
Analysis of titmxieped3~cy of concentratio~z, anti of anticoagulailt activity of 

5-anli~topIroresceiJ~-IabPled /xepuri?z itr blood circuhtiom - Male rabbits (3-3.5 kg) 
\vere anesthetized with urethan and were cannulated into the carotid. The labeled 
fraction of heparin (Fraction 2 in TabIe IV) (3 mg/kg) was injected intravenously via 

the auricular vein. Preparation of plasma samples, and measurements of fluorescence 
intensity and of clotting time of the plasma samples were carried out as described 
previously3. 

RESULTS ASD DISCUSSION 

Preparation of fluorescent gl~cosantillogl~curonans. - In order to form the 
amide linkage between 5-aminofluorescein (2) and the carboxyl group of uranic acid 
residues in glycosaminoglycuronans by treatment with 3-(3-dimethyIaminopropyl)-l- 
ethyl-carbodiimide, the pH was maintained constant with a reaction medium con- 
taining pyridine and hydrochloric acid which also enhanced the solubility of 5- 
aminoAuorescein in the medium. An ester may be formed between the carboxyl 

(of 5-aminofluorescein and glycosaminoglycuronans), hydroxyl (of polysaccharides), 
and phenolic groups (of 5-aminofluorescein) in addition to the amide linkage, but 
the marked difference in stability benveen ester and amide linkages in alkaline media 
was confirmed by the hjrdrolysir of 5-acetamidofluorescein-3’,6’-diyl diacetate (4) 
into 5-acetamidofiuorescein (3) with O.l>l sodium hydroxide within 2 min at 30”. 
5-Acetamidofluorescein formed was stable for 24 h under the same conditions. 

Fiuorescein (1) itself binds to glycosaminoglycuronans, presumably through 
an ester linkage under the conditions employed for 5-aminofiuorescein. The results 
(Fig. 1) show distinct differences in the stability to alkali between the fluorescein 
groups in chondroitin 6-sulfate labeled with 1 and those in chondroitin (i-sulfate 
labeled with 2. The ester bonds in the former compound were rapidly cleaved to 
release fluorescein in alkaline hydroxyIamine soIution and in O;lkr sodium hydroxide 
at 30 ‘_ In contrast, 71 o/0 of the 5-aminofluorescein bound to chondroitin O-sulfate 
remained bound in both media for 24 h. Such stability corresponds closely to that 
of 5-acetamidofiuorescein, suggesting that the alkali-stable fluorescein group in the 
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latter compound is bound to chondroitin 6-sulfate through an amide linkage. These 
observations served as a basis for the preparation of fluorescent glycosaminoglycuro- 
nans. 

Compounds having comparable degees of substitution were obtained under 
the same labeling conditions from all glycosaminoglycuronans, except hyaluronic 
acid which seemed Iess reactive tolvard 5-aminofluorescein (Table III). An increase 
in the ratio of 3-(3-dimethyIaminopropyI)-I-ethyI-carbodiimide to the polysaccharides 
resulted in an increase of the degree of substitution for chondroitin 6-sulfate and 
heparin. Reversing the order of addition of the reagents, 5-aminolluorescein and 
3-(3-dimethyIaminopropyl)-I-ethyl-carbodiimide, did not influence the degree of 
substitution in all cases (data not shown). The total sulfate content in the fluorescent 
polysaccharides and their parent materials indicate that no appreciable desulfation 
had taken place during the labeling procedure_ 

Properties of flrforescerzt ,a~~cosa~~lit~ogl~c~~ro~~a~ls. - Each of the fluorescent 
,oIycosaminoglycuronans exhibited fluorescence of i.,, 513-515 nm under excitation 
at 491 nm, and the relative fluorescence intensities of these preparations showed their 

maximum value at pi-I 9-1 I. These properties are in accord with those of fluorescein 
and 5-acetamidofluorescein. The fluorescence emission properties of proteins labeled 
with fluorochromes are known to depend on the molecular environment of the 
fluorescent ta, . -I4 The ratio of relative fluorescence intensity at 515 nm to the ab- 
sorbance at 490 nm (RFI/A,,,) of each preparation is considered to reflect the 
fluorescence intensity of the fluorescein residue, namely, the relarive fluorescence 
quantum yield. The value of relative fluorescence intensity per A,,, of 5-acetarnido- 
fluorescein is 2 900, which is comparable to that of fluorescein (Table I)_ The data 
(Table III) reveal that the value, reIative to the fluorescence intensity per A5s0, of 
each preparation corresponds to 70-90 7; of that of 5-acetamidoffuorescein, except 
for dermatan sulfate (44.8 %)_ Th e relative fluorescence intensity per weight (RFIjirg) 
shoivn in Tabie III is dependent on both degree of substitution and relative fluores- 

cence intensity per A,,,. 
The soIubiIities of the fluorescent derivatives in aqueous solution are compar- 

able to those of the starting materials, except for fluorescent hyaluronic acid, which 
is more soluble than the startin g hyaluronic acid, possibly owing to partial de- 
polymerization, as described later. The amide linkage in the fluorescent polysaccharides 
could be hydroIyzed quantitatively with M hydrochloric acid for 12 h at IOO”, and 

one of the hydrolysis products was identified as Saminofluorescein by t.1.c. Under 
these conditions, the ester sulfate groups of the fluorescent polysaccharides were also 
completely hydrolyzed_ 

The electrophoretograms of the fluorescent derivatives at pH 5.2 and 2.0 
showed, in each case, a single, fluorescent band overlapping with that made visible 
by AIcian Blue staining. Each front of these bands was slightly retarded compared 
with that of the respective starting-materia1, except fluorescent hyaluronic acid, which 
had a mobility comparabre to that of starting hyaluronic acid at both pH values 
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(data not shown), possibly owin, a to a partial depolymerization of the polysaccharide 
chain as described in the next paragraph. 

Gel chromatography of the fluorescent derivatives listed in Table III was per- 
formed in order to compare their elution patterns with those of the starting materials 
(data not shovvn). Hyaluronic acid was eluted from Sepharose 2B at the void volume, 
lvhereas fluorescent hyaluronic acid was slightly retarded. On the other hand, both 
samples vvere eluted from Sepharose 6B near the void volume. Therefore, a limited 
degradation of the polysaccharide chain had probably occurred during the prepara- 
tion_ The eIution profiles. in gel chromatography, of other fluorescent glycosamino- 
glycuronans coincided with those of the respective starting materials, indicating that 
no depolymerization had occurred durin, 0 the preparation. The elution diagrams 
obtained by monitoring the carbazole reaction and fluorescence intensity of each 
fluorescent preparation almost overlapped. 

Separation of fluorescerlt ,o~~.cosa~?litro,o~~c~(ronmls composed of 5-nmi~lo~uores- 

ceidczbeled molectrles, artd their properties. - Hydrophobic interaction chromato- 
graphy on Octyl-Sepharose, which has been successfully used for fractionating 
fluorescent heparin labeled with isothiocyanatoAuoresceinxs, was applied to fluores- 
cent chondroitin 6-sulfate and heparin prepared by the present method. In all cases, 
5aminofluorescein-labeled and unlabeled fractions could be cleariy separated (Figs. 
2 and 3). The unlabeled fraction of chondroitin 6-sulfate (eluted with 2.0~ ammonium 
sulfate) showed an affinity to Octyl-Sepharose gels higher than that of the unlabeled 
fraction of heparin (eluted with 3.0~ ammonium sulfate). The high affinity of the 
former fraction to the gel may be due to its larger molecular size and higher N- 
acetyl group content’ 6-17. The labeled fractions of both preparations retained on 
the gels were eluted stepwise with decreasin, 0 concentrations of ammonium sulfate. 
Rechromatography of each fraction of the labeled fractions indicated the absence of 
any unlabeled fraction. Analytical and biological data for the fractions obtained are 
reported in Table IV. 

The molar proportion of bound 5aminofluorescein groups in labeled fractions 
of chondroitin 6-sulfate (Fractions Z-4 in Table IV) was estimated to be - 1.5, 

- 3.6, and - 5.9 per moleclule of polysaccharide from the degree of substitution and 
moI_ wt. of the starting chondroitin (j-sulfate, 65 000. The amount (5 1.2 76) of Fraction 
3 is about one half of the total amount of products, and this yield is similar to that of 
Fraction 2 of heparin (50-6 “i,) as shown in Table IV. The values of relative fluorescence 
intensity per A,,, of Fractions 2-4 of labeled chondroitin 6-sulfate suggest the existence 
of an optimum degree of substitution correspondin, a to the highest, relative-fluores- 
cence quantum yield. The electrophoretic mobilities of the labeled fractions relative 
to that of starting chondroitin 6-sulfate at pH 2.0 varied, depending on the degree of 
substitution and sulfate content (data not shown). 

Fluorescent heparin could be separated into an unlabeled (Fraction 1, 43.5x, 
based on uranic acid determination), and two labeled fractions (Fraction 2, 50.6% 
and Fracrion 3, 5.9 %)_ The mol. wt. of starting heparin was estimated to be - 14000 
by comparing its gel filtration diagram with that of Cohelfred heparin (Cohelfred 
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Laboratories, Chicago, IL 60637, mol. wt. 14 000, by the light-scattering method)_ 
Fraction 2 corresponds to 90% o f the total labeled fractions. It has - 1.3 bound 
Eaminofluorescein groups per heparin molecule, assuming that the mol. wt. of 
heparin in this fraction is identical with that of the starting heparin. The electro- 
phoretic mobility of this fraction was nearly the same as that of starting heparin at 
pH 2.0, and its anticoagulant activity retained the potency of the starting heparin 
(Table IV). N-FluoresceinyIthiocarbamoyIheparin, prepared by labeling partially 
N-desulfated heparin with %sothiocyanatofluorescein, followed by separation on 
Octyl-Sepharose gel, retained almost the same activity as that of the parent heparin. 
The N-liuoresceinylthiocarbamoylheparin fraction, the yield of which corresponded 
to 80% of the total labeled fractions, was also found to have one N-ffuoresceinyl- 
thiocarbamoyl group per heparin molecule Is The data (Table IV) for the fluorescent _ 

heparin preparations obtained by the present methods, together with those for the 
N-fluoresceinylthiocarbamoylheparin, indicate that such a minor proportion of 
fluorescein group seems to show little effect on the anticoagulant activity of heparin. 

Analytical gel-chromatography of the fractions of fluorescent chondroitin 6- 
sulfate separated on Octyl-Sepharose CL3B was performed on Sepharose 6B (data 
not shown). Comparison of elution profiles suggests that the molecular size of the 
unlabeled fraction of chondroitin 6-sulfate (Fraction 1) is rather smaller than those 
of the labeled fractions (Fractions 3 and 4), and the size of the highly labeled fraction 
(Fraction 4) seems to be slightly larger than that of the moderateiy Iabeled one 
(Fraction 3). A similar difference in molecular size was observed between the labeled 
and unlabeled fractions of heparin by comparing their gel chromatographic patterns 
on Sephadex G-100 (data not shown). These results indicate that the glycosamino- 
glycuronan of large molecular size containing more uranic acid residues is more 
likely to bind a 5-aminofluorescein group than the corresponding one smaher in 
molecular size. These results also explain the greater anticoagulant activity of the 
labeled fractions of heparin, as compared to that of the unlabeled fractions, as it is 
known that the anticoagulant activity of heparin fractions of different molecular size 
increases with an increasing degree of polymerization’s_ 

Ewymic degradation of some fluorescertt gl~‘cosa?nirrog~ycnr-onmts. - (a) Hyal- 

uronidase digesriorz offluorescent h~ahtronic acid. The digestion products of fluorescent 
hyahrronic acid with bovine testicular hyaluronidase for 24 h were analyzed by gel 
chromatography on Sephadex G-25. The fractions corresponding to Peaks l-3, 
monitored by both carbazole reaction and fluorescence measurement, were combined 
and lyophilized (Fig_ 4) T.1.c. (solvents C and D) of each peak showed two spots; 
one was nonfluorescent and could be detected by the alkaline silver nitrate reagent 
or p-aminohippuric acid-phthalic acid reagent, and the other was fluorescent. By 
means of reference oligosaccharides, each nonfluorescent spot of Peaks I-3 was 
identified as hexa-, tetra-, and di-saccharide, respectively. The materials isolated 
from Peaks 4 and 5, each of which showed a single fluorescent spot by t.l.c., were 
analyzed for the molecular ratio of bound 5-aminofluorescein group to hexosamine, 
and for the hexosamine content before and after reduction with sodium borohydride. 
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The results in Table II indicate that the materials corresponding to Peaks 4 and 5 are 
octa- and hexa-saccharides carrying one 5aminofluorescein group, respectively. 
Marked retardation in the elution of these lluorescent oligosaccharides is probably 
due to an interaction between the 5aminofluorescein group and Sephadex-gel 
matrix, as indicated by the &, values of fiuorescein and of 5-aminofluorescein-labeled 
methyl glycoside of N-acetylchondrosine determined on Sephadex G-25 gels (3.7 
and 2.7, respectively). 

(b) Chondroitinase A C digestion of S-aminofluorescein-labeled chondroitin 6- 

szdfate. By gel chromatography, on Sephadex G-25, of the digestion product with 
chondroitinase AC, it was found that the moderately labeled fraction of chondroitin 
&sulfate (Fraction 3 in Table IV) was degraded almost completely into an unlabeled 
disaccharide (Peak 1 in Fig. 5). By analysis of the molar ratio of bound Eamino- 
lluorescein group to hexosdmine, and of the hexosamine content before and after 
reduction with sodium borohydride (Table II), two fluorescent peaks (Peaks 2 and 3) 
were identified as octa- and tetra-saccharide, each carrying one ; ~aminofluorescein 
group. 

These results suggest that the enzymic degradation of labeled hyaluronic acid 
and chondroitin 6-sulfate is inhibited after the formation of hexa- and tetra-saccharides, 
respectively, as the smallest products carrying a fluorescent tag, presumably owing to 
restriction of the enzyme activity by the bulky 5-aminofiuorescein group. Isolation 
and identification of the labeled oligosaccharides from the enzymic digests of labeled 
hyaluronic acid and chondroitin (j-sulfate also indicated that the fluorescein groups 
were introduced along the whole polysaccharide chain, not specifically in sugar resi- 
dues near the linkage region. 

Detection of S-aminoflIrorescein-labeled lteparin in circulating blood. - The 
biochemical stability of the fluorescein amide linkage in labeled chondroitin 6-sulfate 
and heparin was unequivocally established by the observation that 5-aminofluorescein 
was not liberated during incubation of these fluorescent materials with rabbit plasma 
or tissue homogenates_ 

Labeled heparin was intravenously injected into a male rabbit, and the elimina- 
tion of fluorescent heparin from the blood was monitored by hvo methods; the half- 
life determined fluorometrically was 36 min, and by clotting-time measurement 45 
min_ Although the discrepancy behveen these two half-life values may be partly due 
to the heterogeneity in molecular species of labeled heparin, it may be mainly ascribed 
to the time-lag arising from rapid disappearance of the fluorescent heparin in blood 
vessel and to the duration of the anticoagulant effect induced by heparin, as discussed 
in the previous report on N-fluoresceinylthiocarbamoylheparin3. 
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