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Immunochemical Studies on Expression of Spectrins and Integral
Proteins in Human Erythroid Cells

Hideho Wada

The sequential expression of spectrins and integral proteins in human erythroid
cells was studied using a two phase liquid culture system (Wada, H., et al. : Blood
75  505—511, 1990). The erythroid cells in this procedure were identified by
immunofluorescence staining with antibodies for human spectrins, glycophorin A (D
2-10), and band 3 (BRIC 130). First spectrins appeared on day 3 of the second
phase, and then, glycophorin A was expressed on day 5. Band 3 appeared on day 7,
much later than the spectrins. The results indicate that cytoskeletal proteins (e. g.
spectrins) appear to be expressed first in human erythroid cells and then assembled
to the membranes with integral proteins such as band 3.

Molecular expression of spectrins was studied in the cultured erythroid cells using
the western blot method on SDS-PAGE. Only a-spectrin was detected on day 5 (8/
a=0.00). The appearance of B-spectrin followed (8/@=0.05) on day 7. The
amount of « and B-spectrins was equalized to the same extent as that observed in
normal mature intact red cells in peripheral circulation on day 9 (8/a=1.14).
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Table 1. Antibodies used in this study
Spectrin Glycophorin A Band 3
. anti-spectrin Ab anti-glycophorin A Ab anti-band 3 Ab
Ist antibody (polyclonal) (rgngnoglonal) (monoclonal)
clone polyclonal D2-10 BRIC-130
Ig class IgG IgG, IgG
specificity a and B amino-acid sequence cytoplasmic domain
spectrins 27-39 of glycophorin A of band 3

goat F(ab’), anti-rabbit

2nd antibody IgG (H+L)-FITC

goat F(ab’), anti-mouse
Ig’s R-PE (H+L)

goat F(ab’), anti-mouse
IgG (H+L)-FITC
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itk R EML 72, IEH AR MARIMER %
R & LT, BEEVEDEIRMEE (Nikon) 12
TEZEL .
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SUKEI L7z, % 7- protease D&% F/NRIZ T
% HHKyT, lysing buffer ®§iz 2 mM diiso-
propyl fluorophosphate %Iz CTHHEL /2. %
¥ gel D1, coomassie brilliant blue (CB)
e 933 X O silver Feta®% vz,

® immunoblotting

western blot IEEITV,  FRFEREEPUCFE S

Table 2.

double color analysis

Expression of spectrins prior to integral proteins(glyco-
phorin A and band 3) in cultured cells on day 5 as detected by
immunofluorescence staining in a single color analysis and in a
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Single color analysis

Spectrins (Sp)
Glycophorin A (GPA)
Band 3

ity chromatogra-

gg ;‘i phy I L D REHIL 72
1.2 % bDTHY, 6l

Double color analysis (spectrin-FITC : glycophorin A-PE)

spectrin IZB§LTIZ,

Double-positive cells,/Sp-positive cells

Only GPA-positive cells

18.4 %
0.0 %

a #, BHEFENV
RS B PR R

Fig. 1.

an orange color for spectrin +/glycophorin A + cells (white arrow).

Double immunofluorescence staining on cytocentrifuge preparations of cultured cells.
Superposition of green (spectrin +) and yellow (glycophorin A +) fluorescence gives

Spectrin +/

glycophorin A— cells show a green color (yellow arrow). No spectrin —/glycophorin
A + cells are observed (Original magnification, X400) .



FIHE @ RIFERIC B B Spectrin B & U Integral Protein OFIHR 21

AL7.
5 L3

1) t IREFFERREE R

H2H day 5 I2BWT, FEEES X USSR
HEARIFERD 4 BIRRE 2 5o 2 filaEMs B S h,
day 7 T, FEBDIERMRFERE D, &
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spectrin X558 2 #HD day 3 T3 TIZRE MR
DHIRZWHTz. GPAIFZh L VENhTday 5
R HDHIL, &5 band 3k day 7% D
XU THS » G MM EML 72, day 5
BT EEER OB MELE % Table 2 12
RL7z. %7z spectrin & GPA OB MO
HRREM 2 BT, ZEREAERTORETL
7z, 2T & B & spectrin 13 X 0 $E T
Bk %am L, spectrin BFEMIED > 5, X DE
BL T3 EE 2 o bR (18.4%) 28, GPA
b [EIRFICBE 2R L 72 (Table 2, Fig. 1).

Fig. 3. Expression of a-spectrin prior to S-
spectrin during maturation of normal human
erythroid cells. Western blot analysis was
carried out with anti-human spectrin rabbit
antibody in whole lysates of cultured cells.
SDS-PAGE was performed by the method of
Fairbanks et al. by a 4.2% acrylamide.

Fig. 2. Electrophoretic profile of membrane

proteins in whole cultured cells during
maturation of normal erythroid -cells.
SDS-PAGE was performed by the method
of Laemmli by using a 3% to 15%
exponential gradient of acrylamide.

Fig. 4. Synchronous expression of a- and B-

spectrins in both soluble fraction and
skeletal fraction in cultured erythroid cells
in day 9. Western blot analysis was carried
out with anti-human spectrin rabbit anti-
body. SDS-PAGE was performed by the
method of Fairbanks et al. by a 4.2%
acrylamide.
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Table 3.

immunoblotting.

1991)

3) SDS-PAGE #

%5 248 day 0, day 7,
day 9 OEsEMED SDS
-PAGE & (CB #8) %
Figure 2 &R L 72, £
spectrin IZBL TiX, day

Expression of g-spectrin delayed from a-spectrin
during maturation of normal human erythroid cells. The
percentage of the expression of a- and B-spectrins was
calculated by the ratio of - or B-spectrin fraction to
the total amounts of both spectrins, as studied by
The results on the cultured erythroid
cells were compared to those in the peripheral red cells.

Cultured cells Peripheral red 5 Tl CB Rfa B &
_ n»roizds, day 7T

Day 5 Day 7 Day 9 cells (n=15) A i
i % % o o % a $50° B ST B L

a chain 100.0% 95.3 46.7 48.6 = 3.0% -
B chain 0.0% 4,7‘% 53,3%(; 51.4 + 3.0% fea iz, X5 day
B/ 0.00 0.05 1.14 1.06+ 0.13 9T a $, B EHHIRIX
i, EhEIEEs
N7z, F/2band 3idday 9B EFEUHT

Fig. 5.
band 3 during maturation of normal human

Expression of cytoplasmic domain of

erythroid cells. Western blot analysis was
carried out with monoclonal anti-human
band 3 antibody in whole lysates of cultured
cells. SDS-PAGE was performed by the
method of Laemmli by using a 3 % to 15%
exponential gradient of acrylamide.

AAY M AR IMERFEAR OB 12 band 23R S L
7z, 7323 silver Yz X 3 KT T H IZIZFERED
BAETH- 7.

4) immunoblotting

¥i spectrin ¥ifk % V> 7z western blot %
Figure 3IcRL, ¥ 722 DBE2T Y M X—%
— T L7 a 88, BHEHOFKEHEH(8/a) %
Table 3 1277 L7-. SDS-PAGE & T3t HTEE
Tholzday 5 DHIECBNT, bT»IiZ a $
DHEBEEEI NI (B/a=0.00). F7zday 7
TIXAHELENTHEL, o« HIIZ S WKHRE
PRELUBRHENT: (B/a=0.05). day 912k %
o, BHE B ICHRELZHEL, 7 TIIRMY
MARIMER (8/a=1.06) FEEIC, a S5 B 852°
FITEE (B/a=1.14) ZFEHKEL TV,
Z D WA D B B IR ZF EK 1 soluble  fraction,
skeletal fraction & 12 spectrin ® a $4, £ #
BIZIZFFEEFRBEL T LI ENEo 5T
(Fig. 4) .

band 3 IZ, spectrin ®FFITLERS LD
E <, day 9 VRHFIRET, % ORBENEIX
RAEIMIRIMER & EkTH -7z (Fig. 5).
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Table 4.

Summary of differentiation of various membrane

proteins in normal human erythroid cells

Second phase of the culture

Day 0 Day 3 Day 5 Day 7 Day 9
Spectrins
(i) IF method* (=) (+) (+) (+) (+)
(ii) SDS-PAGE
silver stain (—) (—) (=) a>p ND
CB stain (=) ND (=) a>p a=p
(iii) Immunoblotting (=) ND a a>f a=p
Glycophorin A
(i) IF method* (=) (=) (+) (+) (+)
Band 3
(i) IF method* (=) (=) (£) (+) (+)
(ii) SDS-PAGE
silver stain (—) (=) (=) (=) ND
CB stain (—) ND (=) (—) (+)
(iii) Immunoblotting (=) ND (=) (—) (+)

* IF method : immunofluorescence staining

ND : not done

BREEZRES U720 ZoHT, MN BFROERE
F % glycophorin A (GPA) RZFRIFERBMILIC
WEMTHY , proerythroblast DEEETIZU®
THIT 2 LT TIRAISN T3, ® ABH,
Py, Lewis BUHIH S Z D GPA % HulMZ REFER
BB FEOWIERFIR L TL B 2 L 2|EL.D
AWFFE T, integral protein & UC b EE 4
FeiH>5 2D GPA 2V L DDk ~—H—L L
THi %, spectrin®band 3 XD X 3 2%
ZHBRPORBEL T 205l »ICT 22
ExREMIC L.

IRIMERAEE A, 512 spectrin OF4, SMbic
DWTEMNY,P Iy D= A0 2B T
FTTIHL OMELEENDHS. Ty PRV
Hanspal 57 ORFZRIC & % L FRIFEEROBPETI1T
@ cytosol N TEEK &5 spectrin 1 a 8428 8
BICH L CEITH S 2 L, QBEAEA, BEE
ENBBIT o, HIZZNTNEENLTHS
Z&, @uolAREE, BEE ST spectrin X
BETHZLDIIIL, cytosol NTE ¥ 5 7-38
% spectrin OMEIIHD THOL EFEINT WL
% . —7, murine erythroleukemia (MEL) cell
%7z Lehnert 59 1%, g #8458 o $HICHEL L

THI3BERENE W E, MR T 5 5E % e
LTws. AWFRIZE b OBBERFRZHVL,
spectrin ¢ $8, BHE T CICTE LRS- EH
ELTHRHLBRE LD TH B8, @ a #5458
BHEIC L TEMTH D Z &, QBEIHEAEE
S h 3B idcytosol, membrane & b iZa$l, B
BB ZNEThEENTH BHEEIE >N, Han-
spal 5O L —HT 2D THo>7-.
spectrin AR TS SEIE T 5 BT iE, X4
A band 3 ® GPA 7% £ 0 integral protein T#%
LEMEINTVS ., ZhsDEETDOIHE L
Z OMARGRERET LIHRICE 3 & ,29 9 5k
ZEERERRE C spectrin DAESEMEITL, ZhiZ
%W C band 3 3FH L, cytoskeleton @ inte-
gral protein NDOfEE, EEMNET TS L0
RT—HLTWw3. t b Oifr A eAmsE
TbH, Zhs EFEBRIZO proerythroblast & %
B35 GPA LD BT, 3 CIZ spectrin 1&
FHL, @GPA L VEVERETIZU®HT band
3WBFEE N, @% L T spectrin s3I 1z
G BEESNEELT S LW —#HOFNET
W32 EBRERNENT. 51, cyto-
skeleton % ffi7# 3 % 2% T % 2 ankyrin®°band
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