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ABSTRACT 

The contents of fucose, mannose, galactose, glucose, 2-acetamldo-2-deoxy- 
D-glucose and -D-galactose, and slahc acid, when the results were expressed as nmol 

per mg of membrane dry-weights, were found to be szgmficantly lower m the mem- 

branes of old erythrocytes than in the membranes of young ones No slgmficant 

difference was found between young and old membranes when the composltzons were 

expressed as residues per one hundred carbohydrate residues, suggestmg that a 

homogeneous decrease of the carbohydrate moleties may occur durmg agmg zn vzvo 

INTRODUCTION 

Varzous mechanisms have been proposed to describe the early stages of red-cell 

breakdown, such as cellular fragmentatzon’ ’ and physlca13 or physlcochemlcal 

trapping, mediated or not, by a czrculatmg or a membraneous Immunoglobuhn4 5 

Several changes in the erythrocyte membrane durmg aging zn vzvo have been studzed 
Among carbohydrate components, slahc acid 6--8 has been the most studied Indeed, 
m rabbit, rat, man, dog, and duck, neuramlmdase-treated, slahc acid-free, or slahc 

acid-less erythrocytes are removed from the clrulatlon slgmficantly faster than are 

intact erythrocytes’- ’ 6 Neurammzdase-treated erythrocytes cannot be used as a 

model for the study of the molecular events occurrmg during agmg ztz vzvo, as the 
behaviors and the surfaces of neLrammldase-treated and of zn vzvo-aged erythrocytes 
have been shown to differI l8 Furthermore, we prevzously reported that slahc acid 

1s not the only membrane carbohydrate-component that decreases with aging zn vzvo 

Total neutral hexoses, fucose, and total hexosammes are also found to be szgmficantly 

lower m the old human-erythrocyte membrane 7 In the present work, the complete 
carbohydrate composlhon of young and old human-erythrocyte membranes was 
mvestlgated m order to define the overall changes m composltlon that mzght occur 

dunng agmg of human erythrocytes zn vzvo 
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EXPERIMENTAL 

Separatzon of erythrocytes of dzfirent ages - As the dens@ of erythrocytes 
IS known to mcrease with agmg, human erythrocytes of various ages were separated 
by centnfugatlon for 2 h at ZOOOg, on the basis of density dfierences7P1g Each sample 
was treated separately Blood (- 100 mL), freshly drawn from healthy donors of 
Af blood-group. was collected in a hepanmzed blood-bank unit, and then dlvlded 
Into 12-15 glass tubes for centrlfugatlon The buffy coat and the plasma were du- 
carded, and 0 2-O 3 mL of the top and the bottom layers (z e ,7-10 % of the packed 
red cells) and 1 mL of the middle layer were removed from each tube by gentle 
asplratlon with a syrmge (1 mL) and l&gauge needle (3%mm) The difference of 
age between the erythrocytes obtamed from the top and those obtamed from the 
bottom layer was assessed by comparing the pyruvate kmase” (EC 2 7 1 40) and 
the chohnesterase (EC 3 1 1 7) actlvltles21 as previously described’ 

Membrane preparatzon - Young and old erythrocytes were washed four times 
with 0 15~ sodmm chloride The membranes were obtained by hemolysls m hypotomc 
sodium chloride-phosphate buffer solutions (pH 7 2) accordmg to Hoogeveen et al 22, 
and they were freeze-dned The weight of sodium chloride-phosphate buffer salts 
that remained within the ghosts was calculated from the Na+ and K+ concentrations 
of a 2 1 (w/v) membrane suspension m water Nat and K’ were assayed by f!ame 
photometry (Instrumentation Laboratory Inc , Lexington, MA 02113, U S A ) 

Aczd lzydrolyszs of membranes and determznatzon of carbohydrate content - The 
membranes were submitted to only one hydrolysis by acid for the determmation of 
neutral sugars, hexosammes, and fucoae content The condltlons used [dned mem- 
branes (5 mg) and 2~ hydrochlonc acid (3 mL) for 3 h at 100” m evacuated sealed 
tubes] were previously found to be suitable for such studles23 Neutral sugars and 
hexosammes were separated and quantitatively determined by lon-exchangechromato- 
graphy as previously described 24 The total content of slahc acid of dried ghosts 
(1 mg) was released by hydrolysis with 0 05~ sulfunc acid (0 4 mL) for 60 mm at 80” 
The hydrolyzate was made up to 2 mL with water, and deposlted on a column of Dowex 
1 X-S (HCO;) anion-exchange resin, and slahc acid was eluted as described by SplrotS, 
the eluate was evaporated to dryness m a vacuum evaporator at 40”, the dry residue 
was suspended m water (1 mL), and slahc acid was determined according to Warren2 6 

RESULTS AND DISCUSSION 

Durmg aging zn YZVO of human erythrocytes, a sign&ant decrease of each 
membrane carbohydrate was observed when expressed as nmol of sugar per mg of 
membrane dry-weight Old-erythrocyte membranes contamed, respectively, 86, 87 1, 
87 8, 84 8, 87 2,89 9, and 90 0 “/, of the fucose, mannose, galactose, glucose, N-acetyl- 
glucosamme, N-acetylgalactosamme, and slahc acid content of young membranes 
(see Table I) When expressed as percentage of total carbohydrate, the composltlons 
of young- and old-erythrocyte membranes did not slgmficantly differ (see Table II) 
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Since the demonstration that the slahc acid content of human erythrocytes 
decreases durmg agmg, the changes of other carbohydrate components have been 
httle investigated The studies to date are either mcomplete, as none give the complete 
carbohydrate-composition, or they report too few samples to be statishcally ngnlfi- 
cant The present report describes the complete carbohydrate-composltlons of young- 
and old-erythrocyte membranes, as determined on 13 samples The composition of 
mlddle-aged erythrocytes was also established for 9 of these 13 samples Further- 

more, as quantitative variations of the carbohydrate content of human-erythrocyte 
membrane with ABO blood-groups have been descnbedz3, all samples reported here 
were from the Af blood-group 

A sign&ant decrease of each membrane carbohydrate-component during 
aging zn vzvo was observed (Table I) when the composltlons are expressed as nmol 
per mg of membrane dry-weight These results agree with our previous findings, 
which estabbshed that neutral sugars, fucose, total hexosammes, and slahc acid 

contents of the human-erythrocyte membranes are significantly lower m old erythro- 
cyte than m young ones The decrease reported here for slahc acid (10 %), m spite of 
the different mode of expression of the results, 1s of the same order of magmtude as 
that previously established 7,27 The mean composltlon of the 9 mlddle-aged-erythro- 

cyte samples 1s mtermedlate, between the composltlons of young and old, coupled 

erythrocyte samples 
The changes observed for the N-acetylglucosamme, N-acetylgalactosamme, 

and galactose values, which were Iower by 12 8, 10 1, and 12 2%, respectively, m the 

old red-cell membranes, are of the same order of magnitude as that for slahc acid 
Greater variations of these three sugar-values have been described by Baxter and 
Beeleyz8, but we used neither the same expression for our results4, nor the same 
method for the separation of the erythrocytes 

The decrease of mannose (12 9 %) and glucose (15 2 %) content observed m 
old, human-erythrocyte membranes IS reported here for the first time, as far as we 
know As mannose residues are known to be present m the core of carbohydrate 

chains of glycopeptldes, the number of such chains m old human-erythrocyte mem- 
branes decreases On the other hand, glucose 1s mainly a component of glycohplds2’ 
and, to a mmor extent, of some glycopeptldes 3o Thus, our results suggest that the 
decrease of membrane carbohydrate components may affect glycopeptldes as well as 

glycohplds 
When the composihons were expressed as percentages (Table II), no slgmficant 

difference was found between young- and old-erythrocyte membranes This result 
suggests that the decrease of the carbohydrate content of erythrocyte membranes 

dunng agmg zn VZYU may be homogeneous This suggestlon 1s consistent with the 
hypothesis of cell fragmentation, and with the elimination of complete carbohydrate- 
chains rather than with the elimination of mdlvldual sugars, as was previously suggested 
for SE&C acid This decrease of the carbohydrate content of the complete human- 
erythrocyte membrane durmg agmg zn vzvo may be explained, m part, by the decrease 
(- 10 %) of the surface area of old, red blood-cells 3 Various degrees of accesslblhty 
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of slahc acid residues7 and various electrophoretlc protein-patterns on poiyacryl- 
amide gels have been described 31 for the human erythrocyte agmg zn vzvo In addltlon, 
such surface-membrane propertles as agglutmablhty, density of antlgemc sites, 
surface-membrane carbohydrates, and auto-rosettmg are different for young and old 
erythrocytes 7 32-35 The observed decrease of carbohydrate components does not 
disagree with a conformatlonal rearrangement of the membrane and 1s not m- 
compatible with the mod&cations of the surface properties durmg aging IN vzvo 
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