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S U M M A R Y  

Biochemical studies on er~¢l~rocyte membranes from eleven obstructive jaundice 
patients (due to various disorders) have been undertaken. By scanning electron 
microscopic observation these erythrocytes were spur and target in appearance. The 
lipid composition showed a marked incr¢a.se in both cholesterol and phosphatidyl- 
choline. In addition to these changes, it was unexpectedly demonstrated by poly- 
acrylamide gel electrophoresis in sodium dodecyl sulfate that a .~;pecific membrane 
protein component 4.2 was reduced or absent in all cases tested. This membrane 
protein abnormality wa~ identical with that of hereditary spherocytosis erythrocyte 
membranes. It is of p.~'t:icular interest to note that after surgical relief of biliary 
obstruction in a typi~d case of common duct cholelithiasis, the disc electrophoretic 
pattern of erythrocyte nTembranes became normal and both lipid composition and 
red cell morphology retraced to normal. 

I N T R O D U C T I O N  

Much information has been accumulated on normal erythrocyte membranes 
from the biochemical as well as u|trastructural point of view aad has b ~ n  reviewed 
by some investigators [1, 2]. On the other hand, the rapid expansion of knowledge 
and interest of erythrocyte ntembranes in disorders has stimulated intensive in- 
vestigation, mainly on membrane lipids. In fact, the abnormality of membrane lipid 
composition "n various forms of liver disease has been reported [3, 4]. By com- 
parison to the documentation of  membrane lipid abnormalities in a diseased state, 
only a few reports of membrane protein abnormalities have appeared and were prin- 
cipaffy limited to hereditary spherocytosis [5-8]. In the present communication the 
proteins of erylhrocyte hlembrane from obstructive jaundice patients were ~:xamined 
by sodium dodecyl sulfate-polyacl3,lamide gel electrophorcsis, thereby demonstrating 
a marked membrane protein abnormality which is exclusively identit~l with that of 
hereditary spherocytosis. To our knowledge, this is the first report on membrane 
protein alteration of erythrocytes from patients with obstructive jaundice. 
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M A T E R I A L S  AN'D MET~~'ODS 

Blood sampl,,, s 
Blood samples were obtained frown eleven i~ospitalized patients with biliary 

obstruction t,) varying d~.grees due to cholelithiasis, hepatoma or pancreas head 
cancer. Control blood wa:. drawn from htalthy, hematologically normal subjects. 

Preparation of erylhrocyte ~nembranes 
Blood was freshly d ra~n from patit,nts and normal subjects in acid cite'ate 

dextrose solutiort and used almost immedi~ttely. After serum and baffy coat were 
removed, packed cells were washed with r, ormal sali~,e t:lxree times. Isolation of 
erythrocyte membranes was carried out es::entiaUy accor.~ing to the method by 
Dodge et al. [9]. Washed er,~hrocyte susFension was ~hemolyzed in 20 vols. of 20 
imosM veronal/HCI buffer (I~,H 7.4) and ghosts were s:,dimented by centrifugation 
in Hitachi automatic prepaxatiTe ultracentrifug~ model 80 P at 20000 × g for 20 rain. 
Then the ghosts were w&shed vtith saree buffer three times subsequent to hemolysis. 
Thus the purified erythrocyte r.~embranes were prepared for chemical analysis. 

Chemical analysis 
Protein concentration wa~ measured by the method of Lowry et al. [10] by 

using bovine serum aibun:~in as s~and~:rd. Phospholipid phosphorus was assayed by 
the technique .of Bartlett [11 ] and cholesterol wa:~ measured by enzymatic method 
with cholesterol oxidase and per,~xidase [12]. A~kaline ph,3sphata~ was a~s&yed 
according to the method of Kind and King [13], and its ~ctivity wa~; demonstrated 
as a King-Armstrong unit (K.A. uni~.) and one unit is defined as the am.ouat of enzyme 
capable of liberating 1 mg of phenol in 30 rain. 

Extraction and separation of  erythroc.vte membrane lip(d$ 
The lipid was extra,ted from e rythrocyte membranes using isoFropyl alcohol 

and chloroform according to the metl~od of Broekhuy,.'~ [14] and separated by thin- 
layer chromatography using Silica gel ;-I. The thin-layer chromatographic plates were 
developed with chloroform]methanol/acetic acid/water (60: 30: ~: 4, v/v). Quanti- 
tative analysis or" individual phospholil:ids was carried ¢,ut according to the method 
of Rouser [15]. 

Polyaerylamide d~sc gel electrophoresia oJ'erythrocyte membrane prot,?ins 
Sodium dodecyl sulfate-acrylamide, gel electrophorL.sis was carried out essen- 

tially according to the procedure of Fairb~nks [16] in 0.1 ~'/o sodiumdodecyl sulfate/ 
0.1 M Tris/acetate buffer at pH 7.4 using 5.5 9/o acrylamide ge.L in discs of 7 mm diam- 
eter and 8 cm length. For solubilizatior, of membrane proteins, erythrocyte membranes 
were suspended in 1 ~ sodium dodecyl sulfate in 109/o suc,'ose containing 10 mM 
Tris" HCI ~pH 8.0~, 1 mM EDTA (pH 8.~)), 40 mM dithi,~threi=ol ~nd 10 ,ug/ml 
Pyronin Y (tracki~,g dye), and we.re in¢u0at~d at 37 °C for 20 rain. 25-35/~g protein 
was applied to eac~ column and ek:ctrophore,.:is was carried ore: for 3 h at 4 mA/tube. 
The gel was fixed in 25 ~ isopropyl a~cohol/10 ~ acetic acid and stained in Coomassie 
Brilliant Blae. For better visualization of s~a:ned gels, gels were scanned with the 
gel scanner of the Gilford apectrophotometer ~t 0.5 inch per rain using a slit width of 
0.05 mm at 550 nm. 
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Scan,qDt~.l eh'¢'lr¢:.'z microscOl~V 
The sampies were fixed l\~r ! Ia with i'?~; glutaraldehyde in 0.1 M phosphate  

buffer (pH 7.4). After deh \d ra t ion  in acetone, dried erythrocytes were placed on 
grid..- ,hadowed ";ith ca:-bon-gold, and examined by a scanning electron microscope 
(.rSM-U3) [Sl. 

RESU L I S  

Fig. I shows the rcpresenm' ive  disc clectrophoretic pat terns of erylhrocyle  
membrane  proteins from normal and four selected patients (2 cholelithiases, hep- 
a toma and pancreas head cancer~ out of eleven p:ttients with apparent  jaundice.  As 
compared  with protein pattern of normal cr~,hrocyte membranes ,  a significant 
change is clearly demonstra ted in ~.he protein band 4.2. Al though there are some 
variations in the tOla l  ,:tlllOl.!nl o f  protein loaded on each gel, band 4.2 became 
markedl~ faint or comple le l \  absent in cr>throcyte membra ,Ks  in all patients. Other  
ca,,c.,, (not shov.n here) showed the same trend. Fur lhernmre ,  it i,,; well known lhat  
1he red cells of p , l l i e n t  with o b s t r u c t i ' ¢ e  jaundice due to vari,'-,-',,,: !ve t  diseases show 
a b n o r m a l  shape - ,  which can be observed by scanning electron microscopy. Ery- 
t h r o t t l e  m o r p h o l o g >  of a t3-pical ca.,,e of biliarv obslruct ion (case A in Fig. I) is 
demonstra ted in Fig+ 2A. Most ervtb, rocytes are " ' targeted" in :.~pearance, possessing 
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Fig. I .  Sodiun;  dodecyl  sulfate polyacryh::qi,Je g~l e lectrophoresis  o f  erythrocyt¢ membrane .  A; 
cholehthias is ,  B; cholelithi:e, is, C: i lepatoraa,  D; pancreas head cancer,  E: co,ltrol.  Ghos t s  were 
dissolved in 1% st ,urn dodecyi  sulfate as ~escribed in Materials  and Methods  and  e lec t rophoresed  
in 5.6",+ pulyacrylamide  gels in. 0.1 ?,, sc. Jiue, a dodecyl  sulfate/O.i M Tris/acctale,  p H T . 4  [16]. 
Eh.-ctrophorcsis was carried out  for ~ h ~ i th  a constant  current  4 m A  per gel. Gels were s ta ined with 
Coomass ie  Bqll iant  Blue. The nomenc la tu re  o f  individual  protein bands was adapted  fron, that  of  
FaJrbai&s [Ib]. 
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Fig.  2. Sc l i lm ing  e l e c t r o n  m i c r o g r a p h s  o f  Cry th rocy te s  of  cho le l i t h i a s i s  (case  A )  be fo re  ~.-~. " a~l,! :tft .~r 
(B) su rg ica l  relict" o f  b i l iary  o b s t r u c t i o n .  Magr t i t i ca t ion ,  ~ 3000. 
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Fig. 3. Comparison ofelectrophoretic  erytbrocy.~e membrane protein pattern, before (A)  and after (B) 
surgical relief o f  biliary obstruction (case A) .  Electrophorcsis was carried out in 5.6 % poly~crylamide 
gels in O. I ?/o sodium dodecyl sulfate as d~-~.ribed in Fig. 1. 

either a central hemispherical projection or a more elongated ridge extending across 
the central depressions. Some "spur" shaped red cells are also seen. After surgical 
reiief of  biliary obstruction due to cholelithiasis, band 4.2 which w~s almost com- 
pletely absent before operation reappeaxed just like that of  no~aal  erythrocyte 
membranes (Fig. 3A, B). This protein ,alteration can be easily visualized by the 
densitometer tracing of  the ~tained gels shown in Fig. 4A, B. The membrane lipid 
composition of  the patient showed that there was a striking elevation of  phos- 
phatidylcholine (31.3 % - ,  41.8 ~ )  and cholesterol levels (cholesterol/phospholipid 
ratio; 0 . 9 4 - ,  1.39). Associated with higher values o f  phosphatidylchofine was a 
decrease in sphingomyelin (26.1 ~ -~ 21.3 ~ )  and phosphatidylserine plus phosphati- 
dylieositol percentages (I 1.3 ~ ~ 6.7 ~ )  (Table I). These high levels of  phosphatidyl- 
choline and cholesterol in red cells agree well with the results o f  Cooper et al. 
[4]. However, after surgical operation such altered lipid composition Was also ~stored 
to normal. With normalization of  both protein and lipid composition of  erythrocyte 
membrane after the surgery, morphologic abnormalities were no longer n o ~  (Fig. 
2B). In analogy to the morphological and biochemical parameters, the clinical- 
chemical values also returned to ~ormal; ict~rus index 1 6 0 - ,  14, alkaline phos- 
phatase 22 K.A. units - ,  4 K.A. units and total serum bilirubin 16.4 mg/dl -~ 1.3 
mg/dl. 
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Fig. 4. Spectrophotometr ic  scans o f  ;;tained bands on  sodium dodecyl :;vJfate polyacr~iamide gels in 
Fig. 3A, B. Gels were st;~Jmed wilh a Gi i ford  gel scanner at 550 pro. Note  the reappearance of  band 
4.2 protein after removal o f  biliary o,~)struction. 

TABLE I 

R E L A T I V E  P E R C E N T A G E  OF I N D I V I D U A L  LIPIDS OF E R Y T H R O C Y T E  M E M B R A N E S  
F R O M  PATIENT~3 A N D  N O R M A L  SUBJECTS 

Lipids were extracted f rom erythrocyt¢~ according to the method  o f  Broekl,uyse [I4]. lnctividual 
phosphoiipids were separated on  a Silica gel H thin-layer chromatographic  plate and analyzed by the 
me thod  of  Rouser  [15]. Free chol0sterc,l was measured by an  enzymatic method  with cholesterol 
oxidase and  peroxjdase [12]. The w Jmbcrs in parenthesis indicate the number  o f  analy~es and the 
pat ient  values are the average of two analyses. 

Lipids Removal  o f  biliary obstruct ion Cont ro l  (5) 

Pat ient  before Patient  after 

Lysophosphat idylchol ine i .4 
Sphingomyelin 21.3 
Phosphat idylchol ine 4; .8 
Phosphatidylserine plu., 

phosphatidylino$i~ol 6.7 
Phosphatidylet  hanolamine  plus 

phosphatidic  acid 28.7 
Cholesterol /phospholipid 

molar  ratio 1.39 

1.4 2 . 0 i 0 . 9 9  
26.1 26.3 ±0 .48  
31.3 30 .3~  1.4 

11.3 12.2+0.8 "T 

30.3 29 .6±  1.4 

0.94 0.91 +-0.02 (3) 
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DISCUSSION 

The disappearance or reduction of membrane protein components has been 
found by several investigators in hereditary spherocytosis. Gomperts et al. [5] 
reported that electrophoresis of ace.tic acid solubilized membrane protein on urea- 
slarch and polyacrylamide gel revealed a consistent absence of one protein com- 
ponent. In 1974, Hayashi et al. [7] and Nozawa et al. [8] independently demonstrated 
the partial or complete tlbsence of 4.2 band protei.' using disc gel electrophoresis in 
sodium dodecyl sulfate. 

In the present study, an abnormal pattern of erythrocyte membrane protein 
was first shown in patients with obstructive jaundice, it was surprising for us to 
discover that this protein abnormality was observed not only in hereditary sphero- 
cytosis but also in the obstructive jaundice erythrocyte. It should be of further 
interest to note that in a patient with common duct cholelithiasis (case A in Fig. 1) 
the membrane prot.ein change which was associated with alterations in lipid com- 
position and morphology was reversible and disappeared by surgical relief of biliary 
obstruction. 

Although the mechanism for the genesis of such membrane abnormality is 
unresolved, a possibility can be speculated that this specific membrane protein 4.2 
would b~ solubilized from erythrocyte membranes with bile acids and lost during the 
preparation of  ghosts, since it has b u n  proposed by several lines of evidence from 
investigations of erythrocyte m.*mbrane architecture that this protein component 4.2 
is localized on internal surfac~ oferythrocyte [2, 17]. In order to clarify this mecha- 
nism, some in vivo and in vitro studies are required, these are therefore in progress in 
our laboratory. 
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