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ERYTHROPOIESIS

mature red cells are generated from hematopoietic stem cells

(Ji et al., Trends in Cell Biology; 2011, Vol. 21)
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To teAeutaio yeyovag otnv €€EAEN TwV ONAACTIKWV
(e€edikeuon KUTTAPLKWV TUTIWV)
Critical physiological and evolutionary significance:

Anonupﬁvwon 1) it allows an elevation of Hb levels in the blood
2) gives RBCs their flexible biconcave shape
Vertebrates vs. mammals
microtubules lipid rafts

contra

actomyosin ring

(Konstantinidis et al., BLOOD 119(25):6118; 2012)
Working model of the erythroblast enucleation process:

Microtubules assist in the establishment of polarity in orthochromatic erythroblasts. Actin, under the

control of Rac GTPases, assembles with myosin to form an actomyosin ring in the “cleavage furrow”
between nucleus and incipient reticulocyte.

The phosphorylation of MRLC (myosin regulatory light chain) allows the actomyosin complex to
contract.

S contammg and coordinated by Rac GTPases, coalesce in the cleavage furrow serving

he actomyosin ring properly and to target secretory vesicles toward creation of
~~~~~ e of the nucleus.




ERYTHROPOIESIS
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- Cell size decreases

- Cytoplasm ratio increases

- Nuclear size decreases and disappears

- Cytoplasm staining changes from blue to pinkish red

- Chromatin pattern matures and disappears with nucleus




ERYTHROPOIESIS

' orthochromataphilic

g erythroblasts

polychromatophilic
erythroblasts

rthochromatophilic
erythroblasts




ERYTHROPOIESIS

Proliferation and differentiation processes occurring within the erythroid niche

Early-stage erythroblasts are larger
cells with centrally located nuclei;
more differentiated erythroblasts are
smaller cells containing nuclei located
adjacent to plasma membranes.

Young reticulocyte

Extruded nucleus

Enucleating

erythroblast
Expelled nuclei undergo phagocytosis
Early erythroblast by central macrophage.

Macrophage Young multilobulated reticulocytes
are initially attached to the

Nuclear phagocytosis macrophage surface and later detach

Late ervthroblast (Chasis and Mohandas, BLOOD 112(3); 2008)



http://bloodjournal.hematologylibrary.org/content/bloodjournal/112/3/470/F3.large.jpg?width=800&height=600

ENUCLEATION

Time-lapse live-cell imaging

(Ji et al., Trends in Cell Biology; 2011, Vol. 21)

Apdikolho SLoKOELHEG
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Mammalian red blood cells have no nuclei, no internal organelles, no
major biosynthetic repair mechanisms

Despite this, they survive in circulation for about 120 days

This implies that their membranes have some adaptation that allows
them to survive for this length of time

An unsupported lipid bilayer would be unable to endure the rigours of
circulation

REC saembyane

Cvteplasio

Fluid downsan

11


http://www.google.gr/url?sa=i&source=images&cd=&cad=rja&uact=8&docid=t-DUS9Rhur0MdM&tbnid=6PTmfSXL60fBBM:&ved=0CAgQjRw4Hg&url=http://www.adina.com/newsgH60.shtml&ei=RfSrU8uwGsfROfHEgcAD&psig=AFQjCNHfNbffrwvn_r9oWGrybMLbtyMW_g&ust=1403864517502808

The unique discoid shape of the RBC plasma membrane provides the biological and
mechanical properties necessary to perform its primary role in Hb-mediated oxygen

transport throughout the body

Redblood 39

cell q’3~ Oxygen
\ v from lungs

Oxygen released

1o tissue cells ‘8 2

Hemoglobin
molecules

v
Oxygen bonded
with hemoglobin molecules

EPYOPOKYTTAPO

}2.{] Thy

Side view

= 7.5 pm

Top view
Copyright @ 2001 Benjamin Cummings, an Imprint of Addison Waslay Langman, 1.

90pum?3-140pum? (98um?)

Only structural component: antigenic, transport, mechanical
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http://winningcancer.imva.info/wp-content/uploads/2010/03/hemaglobin.jpg

Multilobular reticulocyte mature discoid red cell

deformation

red cell traversing from the splenic cord to

- Ellipsoidal cells
gnic sinus

(Mohandas and Gallagher, BLOOD 112(10):2008)




echaoTikr/ektatr)/ocupriéotun-avOektikn (structural resistance)

red blood cells

white blood cell

© 2006 Encyclopadia Britannica, Inc.

Membrane Effects in a Red
Blood Cell - YouTube
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EPYOPOKYTTAPIKH

MEMBPANH

1960-70
Daniel Branton
Hans Moore

(Margaritis et al., 1977; J.Cell Biology, 72:47) |
§a16£pn, 1979; Materia Medica Greca, 1:47) §
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AEITOYPIIKOI POAOI

Turukot ko «dlaitepo»

Metadopd UALKWV Kat TAnpodopiog, NAEKTPOXNULKO SUVALKO, EMLKOLVWVIQL,

OLVOOOAOYLKA ovayvwpeLon, LETaywyn CARATOG KA

Ikavotnta eAaotikig napapopdwong RBC (cellular deformability)
KUTTOPLKN yewuetpia (S/V)
téwodec kuttaponAaouaroc [Hb]
UNXOAVIKEG LOLOTNTEG UEUBpPAVNC

membrane deformability
membrane stability

(Whelihan and Mann, THROMBOSIS RESEARCH 2013)

13, oEa

Kavéva kUttapo dev
€XELTNV LBLOTNTA QUTAH
OTO GUYKEKPLUEVO
BaOUO (BnAaoTikd)




Glycocalix at the cell plasma membrane surface

vocalis

M neutral sugars

hexosamines

B sialic acids @ phospholipids

m cholesterol

90%Hb
10% H20

m  Protein
% Lipids
Carbohydrates

(Pasiniet al., Journal of Proteomics 2010) 17
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protein

CELL INTERIOR ipha-helix protein

Phl.'_‘lEPhI:ltldl-E 31:11:1
Fhosphatidvcholine
PhosphatidvWethanolamine

Phosphatidvglycerol
Phosphatidylinositol
Phosphatidvlserine
Sphingomyvelin
Glycolipids
Cholesteral

{thers

Percentage of Total Composition in

Human
Erythrocyte E. coli
Flasma Human Beef Heart Cell
Membrane Myelin Mitochondria Membrane
1.5 0.5 0 0
19 10} 39 i
15 20 27 65
i {l { 15
1 1 i 0
.0 &0 1.5 il
17.5 8.5 0 0
10 26 { il
25 25 3 0
i {l 23.5 17
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AITTIAIAKH KATANOMH

Total (Daleke DL, Curr.Opin.Hematol., 15:191, 2008)

50 —
$25 —
2 PA
S PIPn Outer leaflet
20
=
; Inner leaflet
o
=

25

SM, sphingomyelin
50 — PC, phosphatidyicholine

PE, phosphatidylethanolamine

PS, phosphatidylserine

PA, phosphatidic acid

PIPn, phosphatidylinositol-(n)-phosphate
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AIMIAIAKH KATANOMH

Energy-dependent -independent

Phospholipid transport proteins: flippases, flopases, scramblases

PS externalization: AELTOUPYLKEG EMUTTWOELG
Avayvwplon ano pakpodaya
Premature destruction of thalassemic, sickle RBCs

Adhesion to vascular endothelial cells

20



LIPID RAFTS

of total EM proteins) onw¢ GPl-anchored proteins (AChE), stomatin (4, 7.2b),
flotillins (A), B3, peroxiredoxin-2, Hb, synexin, sorcin

MepLKN CUGXETLON OPLOHEVWV KatnyoplwVv RBC-LR pe TO OKEAETO HECW
NAekTpooTaTKWY aAAnAsiidpaocswv

(Salzer and Prohaska, 2001; Blood, 97:1141)

Lipid rafts EM: mAouowa og odpryyoAnidia, xoAnotepoAn ko npwrteives (0.1%-3%

21



LIPID RAFTS

Kalacular

Elembrang

Protein '!.'E'llzll'lt. kL& assoclatlon® Ramarks
-globin 15 Cyloplasmic Hemoglobin complex
E-globin 1B Cyloplasmic Hemoglobin complex
GAPOH a6 Cyloplasmic Converson ol 3P b 1,38PG
Periedon-2 Mo Cyloplasmic Eliminales peroddes; sionsling?
8- 100p 10.5 Cyloplasmic Dimear wilh o chain; bnds ps3, ubulin, and Ca?;
{disiassambly of mizrolubules and niemediate Taments
Chl 2EA Cyloplasmic Revarsible hydralion of GO,
Fiatilin-1 4T Enoofacing Crganization of caveolas and/or Ipk rafts
hairpin kacp
Fialilin-2 A5 Endotacing High-order falln olgomers; it scafioldng component
halrpin kacp
Elomatin Y Enoofacing Associaies wilh Glub; cation ransport
halrpin kacp
Gas a4 Enooiacing GPCR activation of adenyiata cyrlasa
COSS ES-TD GPI-Inked Decay accalerating factor
COsE E4-T3 GPI-Inkesd Urknoamn funclion in ergthocytas
COED 2040 GPI1-Inked Membrane inhibitor af reactive complament lysis
Gt 54 Multipess {17) My bind stomaling passive glucose ranspor
Bar 3 101 Multipess {14) Einds protain 4.2 and ankyring Gl shit®
ACPT 2B Mullipass () yWatar channel pratein for eryihocytes and renal PCT
fi.-AR it Mullipass (73 Gas-coupled raceplor
[ufty A3 Mullipass (73 Chamoking and P vivas receplor;, GPCR-ks
Bcramblass as Enge-pass Movament of membrane phospholipks

(Murphy et al, 2004; Blood, 103:1920

5 KUPIEC Kal NOAAEC OEUTEPEUOUOEC NPWTEIVEG

MoAAanAoi nAnBucpoi Lipid Rafts (stomatin/flotillin/synexin)




ATTOMONQ2H

e Amnouovwon: YIOTOVLKN aLULOAU
e Dodge etal., 1963; Arch. Bioche
e Stecketal., 1971; Biochemistry 1
e SteckT.L., 1974; J. Cell Biol., 62:1

' If you lyse us, do

we not bleed?

- “White ghosts”

Buffer P2

Lysis buffer
70ml|

23



Hypertonic Isotonic Hypotonic
solution solution solution

e ’
<

(c) RBC undergoes (a) Normal (b) RBC undergoes

OZMOTIKH e
SYMITEPI®OPA f

D a0 e O Jp O

Hypertonic Isotonic Hypotonic

https://www.yo
utube.com/watc
h?v=0YoalzobQ
(11114



https://www.youtube.com/watch?v=OYoaLzobQmk
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O npwteiveg tnG epuBpoKUTTAPIKAG HEUBPAvVNG Staxwpilovtal pe SDS nAektpodopnon (katd to
ovotnpua Fairbanks/Laemmli) ko Bagovtar pe tn xpwotiki uiAe tou Coomassie

onektpiveg (1, 2)

aykupiveg (2.1, 2.

Zwvn 3 (AE1) (90-10
4.1R
4.2 (maAAdivn) (72kd)

4.9 (6eparivn)

5 (B-axtivn) (45kd)
6 (G3PD)

7 (7.2b otopartivn) (32kd)

8 (?) (21kd) ‘gg
7
opoodatpivn (12-16kd) 3

(Laemmli U.K., 1970) :
(Fairbanks et al., 1971)
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MPOQTEINIKH XYXTASH

Q-OTTEKTPIVN
— B-omekTpivn

} QAYKUPIVES

— adouaivn

]._ QaVIOVTOQVTAAAGKTNG
— TTpwTEivn 4,1

- — Tahidivn

:32 S
pred g — Ogparivn, p55

— W —— QOKTiVN
— == — G3PD

. ——  OTOMQTIVN, TPOTTOYUOCIVN

_— ogaipivn

YAUKOPOPLVEC

(GPA),
GPA-GPB

(GPB),
GPA
GPC

OwvAukodopiveg kat oL tpwteivec Rh mpoodévouv

€AAYLOTA AUTAH TN XPWOTLKA KAl SEV yivovTol OPOLTEC

(Costa et al., 1990).
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TTPOTEINIKH XY
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Anion transporter

Viycophorin A

Glycophorin
Glycophorin

Y -

Glycophorin

7 )

3 g
OGlycophorin
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TMTPOTEINIKH XYXTASH

Subunit Number
Band Molecular  Probable State of Copies
No.*  Protein Name Weight of Assembly per Cell Role
Peripheral Proteins
1 - Spectrin 260,000
‘P i ] oy f1, tetramers 107 tetramers  Membrane skeleton
2 p-Spectrin 225,000
2.1  Ankyrin 215,000 Monomer (i Links skeleton to band 3
105,000
i Adducin [ ] Heterodimer 3104
100,000
41 — 78,000 Monomer 2% 107 Involved in spectrin junctions
4.2 Palladin 72,000 i 2107 i
49 Demantin 48,000 Trimert 510t Involved in spectrin-actin interaction
5 Actin 43,000 Oligomers of 12-17 units 5 = 10° Involved in spectrin junctions

Tropomyosin 43,000 Monomer 3x1ed Binds tropomyosin

binding protein
6 Glyceraldehyde-3- 35,000 Tetramer 5 X 1P Glycolytic enzyme
phosphate dehydrogenase
, 25,000 , n . .
" Tropomyosin [ Z?,IIJI.’_HJ] Heterodimer 7 X 10 Binds to actin
7 — 9,000 ¢ 5% 10° 4
23,000 i lig i

Integral Proteins
3 — 89,000 Dimer + tetramers 10° dimers Anion channel

45 55,004 t 1.5 ¥ 108 Glucose transport
Glycophorin A 31,000 Dimer 4 X 10°P Cell recognition
Glycophorin B 23,000 ¥ ~10° Cell recognition

Glycophorin C 29,000 ? ~10° Linkage to 4.12

urce; Most of the data are from V. Bennett, A Rew. Biocken, (1985) 54:273-304.

fand numbers correspond to those in Figure 10,17, The glycophorins do not stain well with protein
ains but can be detected by carbohydrate-specific stains.

omponents that do not constitute major bands on gels but have demonstrable roles in membranes.

»“ .;i ‘



TTPOTEINIKH XY

MpwTeiveg ApLOuog MB Movouepn Movidix ket Méyebog exons Meyebog

OXMLVOEEWV o€ ovx RBC XPWHMOOWHULKR  YOoVIdiwv mRNAs
KD 0éon kb

STrekTpivn 2.429 281 242.000  SPTAI1, 1921 80 52 8.0

X—XALOLOX

STEKTPivN 2.137 246 242.000 SPTB, 14q923- >100 36 7.0

B-axAvoidx g24.1

Aykupivn 1.880 206 124.000  ANKI1, 8p11.2 >120 42 6.8, 7.2

Zwvn-3 911 102 1.200.000 SLC4AT1, 17 20 4.7

17921-922

MpwTeivn 588 66 200.000 EPB41, 1p36.2- >250 >23 5.6

4.1 p34

MpwTeivn 691 77 200.000 EPB42, 1515 20 13 2.4

4.2

29



MPQTEINIKH ZYZTAZH

Outside of call
1
]
Insige of cell ] E"'
—

g
E

O npwteiveg TnG epuBpoKUTTAPLKAG HENBPAVNG EXOUV HEYAAO
BaOo ouykpotnonc/oAlyopepLopou




TMTPOTEINIKH XYXTASH

- ‘ e

»‘r_ -
Mr + ;" .

non lincar pH I

B

D

(Bruschi et al., 2005; J Proteome Res., 4:1304)



A2

Sample fractionation

TMTPOTEINIKH XY

=
Purification steps Vb

TRRY
i

® Sample digestion

-<Plasma (+EDTA)

e

< White blood cells,
the “buffy coat”

Q
-<-Red blood cells %

Blogd samp]e

(isolation)

Protein ID

SRy

IP100059731

=

J

Protein list  Database query .||
validation 500 500 700 300

Intensity

(Pasini et al., Journal of Proteomics 2010)



TMTPOQTEINIKH ZYXTASH

Protains identified in RBC mambrane fractions

Mo, Protain description MOIQC(UE;:E MaES o wumbar Esquene&?m@raga No.poafp;ﬂ;g:ﬁad No. Protein description Mole:iu[;:r] mass Gi Number Sequanc;;jnvarage No.po;;ﬁ;:ﬂﬁed
1 Spectrin « chain, erythrocyte 279,816.5 117442 48.0 bl 58 CDssantigenpa—20 17,067.4 17473237 5.0 1
2 Spectin  chain, arythrocyte 246 468.1 17476989 48.0 75" 50 Rhasus D category VI type lll protein 45.247.7 2765839 1.9 1
3 Ankyrin 1, splice form 2 206,067.9 105337 45.0 55 &0 RAB 35, RAS oncogene famiby 23,025.2 5803135 6.0 1
4 Ankyrin 1, isoform 4, arythrocytic 203 416.6 10947036 450 50 &1 Ral A binding protein 76,063.4 SB03145 21 1
5 Ankyrin 1, isoform 2, erythrocytic 1808,011.2 10047042 45.0 48 G2 Hypothetical protein XP_100510 8,040.3 18577723 18.0 1
& Similar to ankyrin 1 205,264.8 13645508 51.0 46 &3 ATP-binding cassette, subfamily G, member & 164,904.4 6715561 0.9 1
7 Protein band 4.2, erythrocytic 79,946.5 107445 230 21 23 Phosphoribosy pyrophosphate synthetase 34,834.2 4508127 7.0 1
B Protein band 4.1 (elliptocytosis 1, RH-linked) 56,308.5 4758274 45.0 17 85 Unknown proten 46,884.2 18089137 3.6 1
=] Protein band 3, erythrocytic 101,792.3 4507021 28.0 17 53] Similar to Lutharan blood group 59,2877 18589892 31 1

10 Protein band 4.1, erythrocytic 07.016.9 140160944 azqn 16 &7 Phasphatidylinosital-4- phosphatse 5 kinass, type 1l 45,078.6 1730569 4.4 1

11 Actin 3 chain 418128 481515 47.0 12* &8 Hypothetical protein XP_100565 35877.6 18604339 7.0 1

12 _Flotillin 1, arythrocytic 47,355.3 5031699 a7.0 12 [0} Hypothetical protein XP_100518 18,567.6 18604359 15.0 1

13 Membrane protein pss, erthrocytic, (palmitoylated) 52 206.5 4505237 5.0 11 70 Block of proliferation 1 83,629.5 23830903 1.5 1

14 _Flotillin 2 47142.3 18587620 280 11 71 Similar to tropomyosin 10,804.3 18590249 13.0 1

15 Protein band 4.9 (dematin), erythrocytic 45514.4 13623437 40.0 10 72 Hypaothatical protein XP_061743 ar 48,719.0 17472555 2.5 1

16 Protein band 7.2b, stomatin 32,5085 1103842 47.0 10 XP_089854 31487.9 18577194 4.0 1

17  Glycaraldehyde-2-phosphate dehydrogenase 36,054.2 21645 51.0 10 73 Hypathetical protein XP_1o&2E0 12,702.8 16558481 22.0 1

18 Tropomyosin 3, cytoskelatal 20032.7 136095 5.0 10 74 Hypathetical protein XP_1o0e25 22 BE3.4 18601384 8.0 1

19 Solute camier family 2 (facilitated glucose transporter), 54117.8 5730051 13.0 [ 75 Zona pellucida binding protein 40,169.8 5902116 3.4 1

mermbar 1 76 2" 3" cydic-nuclectide 3'-phosphodiestarase 42429 7435185 50.0 1

20 Similar to flotillin 2 42 565.9 13277550 15.0 i 7 Lyn B protain 56,033.3 2117805 4.3 1

21 Tropomyosin isoform 28,4201 1082876 35.0 ] 78 KlAAD340 117.819.0 2224621 21 1

22 _Glucoss transporter glycoprotain 37,872.8 33ETO0S 17.0 5 79 Hypothetical protein XP_o21724 144 900.8 18588504 1.1 1

23 Tropomyosin « chain (smooth muscle) 26,576.7 136100 arn 5 80  Hypaothatical protein XP_091430 2754.2 18566430 6.0 1

24 Actine 2, aortic smooth muscle 42,1081 1070613 20,0 5 81 Similar to tropomyosin 4 18,426.8 147209747 B.0 1

25  Adducin « subunit, erythrocyte 80,955.1 12644231 10.0 5* 82  HGTD-P 17,342.4 9285192 10.0 1

26 Rabphilin-3 A-integrating protein 80,858.2 1082757 580 5" a3 Hypothetical protein XP_095819 281,208.1 185724584 0.6 1

27 C-1-tetrahydrofolata synthase, cytoplasmic 101,559.2 115206 5.0 4 84 Far upstream element binding protein 67,534.4 1082624 25 1

28 _Translation initiation factor 2, 2 66,252.2 18570004 10.0 4 85 Hypothetical protein XP_102707 13,3746 18551195 12.0 1

20 Aldolase & 30,288.8 2PORTS 17.0 4 86 Hypathatical protein XP_o2517 41,409.4 18552304 2.6 1

30 Tropomodulin 40,569.2 4507553 16.0 3" 87 Enhancar protein 41,289.8 1345400 4.6 1

31 _RAP2B, member of RAS oncogens famiby 20,5044 11433346 43.0 3 B8 Hypathatical protain 15770.3 18551736 120 1

32 Arginase typs 1 erythroid varant 35,5641 18535612 12.0 3 ag K441 741 protein 123,305.7 12698027 1.7 1

23 Arginase type 1 34,734.9 10947139 12.0 3 =] |g heavy chain ¥-¥ region 10,995.4 87863 16.0 1

34 Creatine kinase, muscla 431011 14763181 21.0 3 DC 38 31,6014 12005954 47 1

35 _B-CAM protein 63,566.7 2134798 8.0 3 0 ; PR - ;

%6 ATP-binding cassatts half-transpartar 90 712.3 11245444 s 2 , The proteins found primarily in the low-ionic-strangth spectrin extract from RBC membranes.

37 RAP1A member of RAS oncogene famity or 20,9871 45064 3 141 2

RAP1B 20824.7 TEE1GTR 141 2

38 Calcium transporting ATPasa 4 1379202 14285105 25 2

39 Rh bloed D group antigen polypeptide 45136.5 10800054 40 2

40 Channel-like integral membrana protein 16,239.5 1314306 15.0 2

41 Glycophorin & pracursar 16,429.6 1070639 21.0 2

42 Solute camier family 28 [nucleoside transportar), mamber 1 50,219.4 4826716 3.5 2

43 Glycophorin A 14,784.8 106140 23.0 2

44  Glutathione transferase 27,0534 809435 18.0 2

45  Ghycophorin G, isoform 1 1381006 4504229 20,0 1 : . .

46 _Aquaporin 1 28,526.0 4502177 7.0 1 ( . L )

47 Erythroblast membrane-associated protein 52.604.8 17489120 30 1 Kakhniashvili et al 4 2004’ Mol Cell PrOteomlcsl 3:501

48 Similar to glycopharin & 16,371.6 13529077 20.0 1

49 _Call surface glycoprotein CO44 39,433.8 7512338 4.0 1

50  \Vesicle-associated mambrane protein 2 (synaptobrevin 2) 12648.7 TB5TETS 15.0 1

51 Similar to adhesive plaqua matrix protein pracursor 106,872.1 17481669 1.8 1

52 Poly (Arspecific ribonuclease 734510 4505611 3.0 1

53 Similar to RAS-related protein RAL-A 23,5658 14740792 7.0 1

54 Presenilin-associated protein 39,862.4 5409316 6.0 1

Duodenal cytechrome & 315112 13378257 35 1
bA421H8.2 (novel protain) 16,743.7 17402228 2.0 1
23517.9 18596861 5.0 1

Similar to RAS-related protein RAB-15



MPQTEINIKH ZYZTAZH

Pasini et al., Blood 2006): 340 membrane proteins and 252 soluble proteins

(Goodman et al., Exp.Biol.Med 232:1391, 2007): Z51 RBC membrane proteins)

120+

integral membrane
Bbinding membrane-associated
;;::::Tf:atnsduction G Pl'a nChOfEd

100+

=2}
o
1

number of proteins found
]

lycolysis
;ga‘iawiis Extracellular
structural
- Wantioxidant cytoskeletal proteins

protein function

Binding (115), catalytic activity (98), transporters (47), signal transducer (29),
tural activity (24) (small GTPases the most numerous intracellular signaling

=
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TTPOTEINIKH 2

Erythrocyte Proteome

Years New Unique Proteins
2002-2007 751

2007-2010 1331
2010- 2012 207

Figure 1 Growth of our knowledge of the erythrocyte proteome from 2002 to 2012

Goodman et al., Exp Biol and Med 238:509; 2013

2010- 2012: 207 (9%)

2007-2010: 1,331 (58%)

2002-2007: 751 (33%)

the number of unique
proteins has grown
from 751 in 2007 to
2289 as of 2013
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5 AEKAETIES MEAERER:

adOovia, npooPfaocipotnta

kaBapoTnTa

Khnpovoutxéq\
HEUPpPavVOTIAOELEC \ -

KOWEG OULUATOAOYLKEG
(kaw pn-) véool

OLTLOTEAECLATIKOTN T /
HETAYYIOEWV
Lipid rafts

XETUTIKO cUCTNHA HLEAETNG NMKO, amoucia nmupnva, ptoxovépiwv

j"i' W\
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AOMH TH2 ME

\ f =™ ™
\‘ J‘f N ™
VR N

osmotic balance exchanging anions
linked with the skeleton

Lipid bilayer %3 3338
A&

No direct contact
Adducin

Ry, / . G3PDH
BN “ " PRK

V Tropom o -acti Y “ALDOLASE
Sp-based opomy deg F-actin ~ Hb o L
Hemichrome Spectrin p

cytoskeleton Tropomodulin

— 4




Zuvextkotnra StmhootolBadag-okeAeToU, axepardtnra LEUBPAVNG

(anmwAewa emudpaveiag, kuotdlonoinon, fragmentation, HS)




GPC

*"J Tropomyosin

Self-association Tropomodulin
site

protofilament

—

Source: Fauc AS, Kaszper DL, Braunwald E, Hauser SL, Longo DL, Jameszon JL, Loscalza J:
Harrizon's Pripciplas of Intarnal Madicine, 17th Edition: http:/fwww accessrmedicine. com

Copyright @ The McGraw-Hill Cammpanies, Inc All rights reserved,
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AOMH TH2 MEMBEAINEIP

Glycophorin A Glycophorin B Glycophorin A Glycophorin C/D

i il
" Band3 Band 3 ]')'

000

Ankyrin-1

B spectrin

o spectrin

Tropomodulin—

Lateral and vertical interactions



The 4.1R complex: band 3 dimers, blood groug
glycophorin C (GPC)

The GPC, Rh, Duffy, and XK interact directly
adducin

Ankyrin Complex Junctional Complex

| 1

m ﬂlmm(
AE1
cEE

\J W €

GPA
GPC

D, :

Dematin ) ,.!\..‘..

Band 3 multiprotein interactions in the human erythrocyte membrane

(Salomao et al. PNAS USA 105:8026, 2008)



AOMH TH2 MEMBPANE2

The Dematin—-Adducin -GluT1 bridge

Junctional Complex (Proposed Model)

membrame

Plasma
membrame

Plasma

- ] YOS
.";" Tr OITY‘ v
e ¥ S |

4.1

The unusually high abundance of GLUT1 in human RBCs, and its rapid glucose transport kinetics
that far exceeds the physiological sugar requirement of the RBC, has raised the possibility that

GLUT1 and other related transporters may in fact perform a structural rather than the transport
ult-RBC

(Khan et al., 2008 J Biol Chem 283:14600)



—_
—

2
=

AOMH TH2 MEMBP#

The Band 3- Adducin -Spectrin bridge

Adducin
(actin capping protein)

(binds Sp, e
facilitates Sp-actin Junctional Ankyrin
directly binds to B3 = Complex Complex

Attaches JC to membrane)

AW <l
\\ _ L e

(Anong et al., 2009 BLOOD 114(9):1904) 43



AOMH TH2 M DANH=

Blood Groups Ags

30 blood group systems recogn

5 systems Ags: carbohydrate structures (on g
phenotype (AgH-/anti-H)

Ags of two systems (LE, CH/ RG) are not intrin

Ags of 23 systems: defined by the protein
sequence of RBCs membrane proteins.

ABO
Band 3 / AE1: Diego system Hh MNS
GpA,B: MNS system. GpC/D: GE system
Rh polypeptides (C,c,D,E,e) ) ’ :

RhAG (Rh-associated glycoprotein)
AQP1: CO system Ags CO(a) and Co(b)

. 5
[ O &% S oF Y of % X X

.
\(uu(ugn_( E

<




AOMH THZ MEMBPANH2

Rh blood group system

49 antigens
(D- RHD gene/RhDprotein)
C, ¢, E, and e (RHCE gene/RhCE protein)

Rh positive or negative refer to the D antigen only (RhD gene)- To Ag-D sival meploocotepo
ovoooyovo arno oAa ta non-ABO antigens

Rhesus complex: RhD, RhCE, RhAG proteins

In contrast to the ABO blood group (IgM ¢puoika)- the Rh Abs are IgG antibodies which are
acquired through exposure to Rh-positive blood (acUpuBatn kUnon r HeTAyyLON-immunization
against Rh only occur under first Ag-contact)

Rh null phenotype: KAINIKH KATAZTAZH-no Rh Ags (Rh or RhAG)-structural abnormalities in RBCs
(stomatocytosis?), anmootabepomnoinon pepPpavng-hemolytic anemia
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AOMH THZ MEMBPAN HZ

Rh complex

(JRhAG (channel for neutral gases NH3 and CO2)
(Overhydrated hereditary stomatocytosis)

Utetramer of Rh polypeptides (D and CE) (no transport

proteins, but facilitate the correct assembly of the other transport
proteins in the membrane)

LCDA47
QLw
Uglycophorin B

Genes/proteins: RhAG, RhCE, and RhD

RhAG: 409 aa, MW 50kDa, RHAG gene, 6p11-p21.1

RhCE and RhD: MW 30 kDa, RHCE and RHD adjacent
genes, 1p34-p36

gpti-21.1

RhAG

(Rh 50,000)

r#‘%m ) BN~ (o
RhCE § +1 o,
{Rh 20,000) = ]
"ELB 267 (919 ) (208 yar7

RHD | '
axans

(Avent and Reid, Blood 95(2):375; 2000)
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http://bloodjournal.hematologylibrary.org/content/bloodjournal/95/2/375/F1.large.jpg?width=800&height=600

Rh complex

Rh proteins function as relatively nonspecific

channels for neutral small molecules and might
act as gas channels for oxygen and carbon dioxide
ammonium etc

=
My
\. oo

U

Red cell
Membrane

AQF1

Rh complex| | Band 3 complex

.-"'_""

0y <=

i

— i — |
.0/ 4o, | CAll g‘i-h::?\ }ﬂ@.

Cytoplasm /, b WS- -1

e

= Hb O+

A I
)

a/


http://www.google.gr/url?sa=i&source=images&cd=&cad=rja&uact=8&docid=J98ohlEC29iEgM&tbnid=cBn8LMxyp1_mGM:&ved=0CAgQjRw4cg&url=http://psychcentral.com/news/archives/2005-06/uoc--nrp060605.html&ei=yfSrU7PbMseUO6CmgdgG&psig=AFQjCNGlF3E5D4kpwE6yrcpLARfTe_z4bQ&ust=1403864649900760

B3-Rhesus macrocomplex

Band 3

Lo
AQP Glut-1 XK
X RhAG
5 1"*5 % =

42

‘)
Pl

4.24— 1 CD47, RhAG glycozyl.

B3-mut— 4.2, 1 CD47, Rh, RhAG 6B
e A
XL "?@ s

2URODIRE B OBPIISEROITORES




B3-Rhesus macrocompiex
m\jnmﬁmm mﬂﬂ

.........

Protein : Carbonic
22 B e \ > Metabolon — anhydrase

Intracellular

Glycolytic enzymes/!
/ haemaglobin

4 domain

T

Spectrin

Model of the band 3-Rh protein complex
Expert Reviews in Molecular Medicine @ 2006 Cambridge University Press

RBC metabolism, ion & gas transport function



MEMBPANIKEZ NMPQTEINEZ

50 StapepuPpavikee npwteiveg (100-1.000.000 avtiypado/RBC)

25 = blood group antigens

eTransport proteins
e Adhesion proteins (ICAM-4, Lu)

eSignaling receptors

eStructural integrity

50






AIATHPHZH ENIOANEIA2

Band 3 complex
A

4.1R complex
A

GPAL s 1 GPA
~ \_/
CAll
2
Hemichrome ~— < Aldolase
PFK Rh / Deoxy Hb

GAPDH RhAG

Tropomodulin

Tropomyosin

association site

Actin
protofilament

STRUCTURAL INTEGRITY PROTEINS



AIATHPHZH ENMI®ANEIAZ

Plasma membrane

Spectrin dimer iActin filament

| Adducin]

Lateral interaction

Vertical
interaction

Edward J. Benz Jr. J Clin Invest. 2010; 120(12):4204-4206

https://www.youtube.com/w

atch?v=0jra 2ggqCx4

O cholesterol
O sphingomyelin

glycophorin

a-spectrin
B-spectrin

1. Membrane protein linkages with skeletal proteins: regulating cohesion
between lipid bilayer and MSk (Preventiion of membrane vesiculation

2. Mechanical stability of MSk (Prevention of membrane breakup)



http://www.jci.org/assets/266970/zoom/off
http://www.google.gr/url?sa=i&source=images&cd=&cad=rja&uact=8&docid=AONt7_HrDHCRlM&tbnid=2nYhb_ykM5Q1KM:&ved=0CAgQjRw4Lg&url=http://www.pct.espci.fr/~pierre/recherche/RBC_bleb/RBC_bleb.html&ei=avSrU8_vHIakPeDygIgM&psig=AFQjCNGZFkNsawLMYQJn3McZWUU5vACpgQ&ust=1403864554539765
https://www.youtube.com/watch?v=0jra_ZgqCx4
https://www.youtube.com/watch?v=0jra_ZgqCx4

AIATHPHXZH OIrKOY

RBC volume is regulated through:

(1) active membrane transport, e.g. pumps
(2) gradient-driven passive transport

(3) a number of channels

While the RBC membrane is permeable to some extent to water and anions, it is extremely
impermeable to cations, requiring specific transport systems for them.

The Na/lk-ATFaze — an electrogenic pump

To maintain an intracellular cation concentration
opposite to that of the plasma (low potassium, high sodium
and calcium) the RBC relies on two ATP-dependent cation
pumps:

LNa+-K+-ATPase

Ucalmodulin activated Mg2+-dependent Ca2+-ATPase
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MTPQTEINEZ META®OPEIZ

ENT1
Nucleosides,
Urdine,
g g; . . LATT adenosine
Fatty acid pH-dep 5
Band 3 Local flux GLT4 depe:"!dent Quinine gllgC:p?pts
Clic1 nsitive allialaz
AQ1 Clic3 =
K+ AQ3 Cat+ Cutt K* Zn++ FLJ23931

A

B I

SYMPORTER
SY-MPORTER

ANTIPORIT;
SY/MPORER
FACILITATED TRANSPORT,

-

v

‘ Urea  H20 ATP  Mgt+ - Red. +
t‘ HoO 2 9™ ADP+Pi  H+ Folaia ,!fa+
monocarbox lons? Oligopepts i
[Ca++] Sugar? Neutral aa c
Nucleosides,
glucose Urdine,
adenosine

(Pasini et al., J Proteomics 2010)

Violet: low expressed transporters. The voltage dependent channels (Clic 1, Clic 3) are believed to
regulate the Aquaporin channels. Symporters: in . Antiporters: in blue. Facilitated transport:
. Bi-directional transport: dark blue. Channels activated in consequence of an
. All others: pale blue. Hypothetical transporters: just sketched.
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MTPQTEINEZ META®OPEIZ

Zwvn-3 (anion transporter)

Aquaporin (water transporter)

Glut-1 (glucose transporter)

Kidd antigen protein (urea transporter)
RhAG (gas transporter, CO2)

Na+ K+ ATPase

Ca++ ATPase

Na+ CI- cotransporter

Na+ K+ cotransporter

Gardos channel
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ANIONTOAN TAA 2

Membrane transport protein “Band3™
mechanism to promote the release o

Chloride ion HO3 Yy ST

7 AE1 (membrane

Bicarbonate ion Carbonic N na
Vi __an h,Jw st _domainj ,
@i @®

A
‘|

A

Red S (Chioride shift) [RRENS”

blood cell

Within RBCs carbonic anhydrase: catalyses the reaction CO,+H20 to fo 3
rapidly dissociates into a proton and bicarbonate ion). The proton binds to Hb

Bicarbonate is transported by band 3 out of the red cell in exchange for chloride, thus allowing CO2
to be transported to the lungs predominantly as bicarbonate (approximately 5 billion bicarbonate
ions are transported out of the RBC in a span of about 50 ms!!!)

In the pulmonary capillaries, bicarbonate is again transported by band 3 across the red cell
membrane into the cell and chloride is expelled.

57



http://www.google.gr/url?sa=i&source=images&cd=&cad=rja&uact=8&docid=WCw0P9Y9NT2OEM&tbnid=9lLuMdRcoPBtzM:&ved=0CAgQjRw4Hg&url=http://www.riken.jp/en/research/rikenresearch/highlights/6222/&ei=PvSrU_jUKYusPfH4gIAC&psig=AFQjCNFwnLl75-XookpXBLOf0fH8KAV05A&ust=1403864510756375
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ANIONTOANTAAAAKTHZ

Transmembrane

A (a) (b)
Membrane
b > domain
b it (anion exchange
Z
3
Hemi
Binding sites
for ankyrin, band 4.1
Cytoplasmic
> domain
(binding sites)
Binding sites for
glycolytic enzymes
and hemoglobin
NH;"

ank, CA, 4.2, 4.1R, G3PD, aldolase, Hb...

(Walsh and Stewart, RA 2010)
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ANIONTOANTAAANAKTHZ

43kd

EVkGpmTOG

A .
oiudaopog 175 yrupi

] Aykupivn

7 Nekdidivy } Aykupivy
4.1

G3PD,
g ] AABoAdon,

Aipoapapivn,

- NAz - Mjpoypopora

EfwkutTdpic

mEploYh

Mzpppovikf weploxi
{1 ovTo ovToA AdKTng)

KuTToepoTrd oo pomike
mEpIOYH

{mpdagdeon
TPWTLivmv)

AVO SOMLKA KoL AELTOUPYLKA SLAKPLTEC TTEPLOXEG:
(1) Cyt 43-kd: (aa 1-359)-Me B<oelg 6€cpevong yla
OLPKETEC MPWTEIVEG

(2) Membrane domain 52-Kd (17kd+35kd) (aa 360-

911), n omoia oxnuatilet to HlavAo
avtaAAayng avioviwv (Becker & Lux, 1993).

Gene:SLC4A1 at 17qg21.
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ANIONTOANTAAANAKTHZ

H Twvn-3 eivat o KUPLOC CUVOETNG TNG LEUPBPAVNG LE TO OKEAETO

Glycophorin B
horin A

PFK
ALDOLASE

O ynpavon/oésidwon/uoAuvvon
L HS, oéEwon vedpilkwv cwAnvapiwv KAT
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[AYKO®POPINEZ

O-Ilnked O e %O-Imked 04 = RBC-s pec Ific
N termmal v

O—Ilnked

j)dw QO'""ke:)))’z-lmked

O-linked

Bitaiia Lipid bilayer v Avtiyova opddwv aipatoc MN, Wright

mmmm” 'jé mm””mm”mm v'Cell recognition/erythrophagocytosis

j J))JJJ
' 7

C-terminal s JN ")
% 0ggs”

W%’f"

Inside

v Aettoupyei avtiotaduiotikd pe band 3
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[AYKO®POPINEZ
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FAYKOPOPINEZ

H GpA sival npwteivn-ouvodaocg tn¢ B3 katd tn BltooclvOeon/trafficking

JNIyooaKyapiTeg

N
" His Thr Thr Ti L
\sf: Thr Glu Val Ala Met gt :
+HgN Leu Ser

Ar cy
19 Glu Gly The Glu gl ®
C al ~

SimhooToIBdda <

gty
KUTTApOTTAQOpa i

b in

(Williamson & Toye, BCMD, 2008)



[AYKO®POPINEZ

"Auko@opivn C

*Mn-epuBpocldikeg (mvebpoveg, Anap, vedpol)

*Gerbich (Ge), Lsa, Webb, Dha

*3 domains
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[AYKO®OPINEZ

Spectrin—Ankyrin-3 Spectrin-4.1-Glycophorin C
Interaction Interaction

;\‘ »

Spectrin RpecHin

Self-association

Tropomyosin ™= A ntin

GpC-----4.1R*-----p55

Spectrin-4.1—-Actin
Interaction

Hereditary elliptocysosis
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CDA47
IAP, Integrin—-associated protein 5x10* copies/RBC (do not express integrins)

Surface glycoprotein, 50kd, high levels /,_/"—'\\\
Mechanosensor (signalling) :’ \

\ CD47 1'
CD47 interacts with the Rh/RhAG :\—/J,/'__,, Band 3
complex and also associates with s (

protein 4.2, which links CD47 to
the band 3/ankyrin complex and
the spectrin cytoskeleton.

(*) not all CD47 appears to be
associated with this multiprotein
complex in RBC membranes

4 N\
\ )
8- g
NI ,L £ £ 5 extracellular
XY g < poooo
l‘! K peces
intracelular = ,r L

Erythrocyte membrane

=
/

‘ Ankyrin

w Spectrin
—g e

\‘\
Oldenborg PA - ISRN Hematol (2013)
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CD47

H CD47 npoodévetal otn puOuiotikn npwteivn a (SIRPa) twv pakpodaywv, odnywvtog o
NOPEUTASLoN TNG EveEpyomoinong Toug & tng epuBpodayokuttapwong (CD47-SIRPa signalling)

Survival

Phagocytosis Pﬁagocyto

Clustering
o
LYy

~ “Signaling §elf"’ ,

Zheleznyak et al., Molecular Imaging 12(8):1536; 2013
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sk
P13 kinas

C 47 Marker of self
CD47 has been shown to be overexpressed by
various tumor types as a means of escaping the
antitumor immune response

Viable
host cell

a) CDA47 on viable normal host cells can bind to
SIRPa on a phagocytic cell (e.g., a macrophage
(Me)), which induces Tyr phosphorylation of
SIRPa and recruitment of SHP-1. This can inhibit
prophagocytic signaling through Fcy receptors,
complement receptors (CR), or LRP-1.
Phagocytosis inhibition may involve signaling
through Syk and PI3 kinase

b) On apoptotic cells, CD47 becomes clustered in the

O

\ Phagocytosis
LR

PM. Clustered CD47 may also bind to SIRPa (b)
without inducing inhibition of phagocytosis, but
may rather promote tethering of the apoptotic cell

to the phagocyte. This function may also involve
TSP-1 and so far uncharacterized mechanisms that

can also promote phagocytosis. ;“*.
c) Cancer cells may increase their expression of _ &) Phagocytosss
CDA47 to strengthen the inhibitory signals through ol

more potently inhibit phagocytosis
and other prophagocytic

Oldenborg PA - ISRN Hematol (2013)
(c)



| YAATOMNOPINH-1 (AQP1) |

» Channel-forming integral protein (CHIP28), Water Channel Proteins (269aa)

> AQP1 = Apxeturitko pEAog udatomopvwv (RBC 1980’s) - NH2, COOH in cytoplasm

v Py (4] v v

» Nobel Prize in Chemistry, 2003 Periplasm 3 o  Channel
: o e Aquaporin
> AdBovn og vedpoUlg, emORALa T TS e N . °

° @ © < © ° °

CO, O, Water <« Water O, CO,
%% g0

* OXL aAAnAenidpaosl pe AAAeC MpwTeiveg (?)
* CUMHETOXN O€ AUTLSLaKEG OXeDiEC nmoo%§§‘g¢ﬂ‘

» K0plog mpwrteivikog SiavAog vepoo -
OOMWTLIKOG-USATOETUAEKTIKOG TTOPOG - PUBMION | o .
Toxeiag ko apdidpopng petakivnong vepou g TR0 ER

»promoting the rehydration of the RBC after w e
their shrinkage in the hypertonic environment : o o
of the renal medulla ? s Ly .

Cytoplasm o % )
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YAATOMNOPINH-1 (AQP1)

3x10° popLa/povopepEg/ SeutepOAETTO

Neploxn
otévwong Ar/R

Metapopad uopimy vepov
(Hub et al., Handb. Exp. Pharmacol.., 190:60, 2009)

https:/ /www.youtube.
com/watch?v=1Uw6u
0fzNsE

At least 11 aquaporin proteins have been
identified in mammals with 10 known in humans



https://www.youtube.com/watch?v=1Uw6u0fzNsE
https://www.youtube.com/watch?v=1Uw6u0fzNsE
https://www.youtube.com/watch?v=1Uw6u0fzNsE

YAATOMNOPINH-1 (AQP1)

Monomer: six membrane-spanning regions-a-helical
domains

both intracellular NH, and COOH termini
Opotstpapepéc (4 mopot)

MukoluAiwon (a large glycan attached to only one
monomer)

Internal tandem repeat structure with 2 NPA sequences
(asparagine-proline-alanine) — Form tight turn
structures that interact in the membrane to form the
pathway for translocation of water across the
membrane

(Nielsen et al., Physiological Reviews 82(205):2002)




| YAATOMNOPINH-1 (AQP1) |

Hemipore-1

EXTRA-CELLULAR
Hemipore-2

CYTOSOL

CYTOSOL

linear array of the protein indicating the
two regions of helical domains that
interact to form the three dimensional
orientation of the protein. The pore that
forms in the aquaporins is composed of
two halves referred to as hemipores.
Amino acids of the pore that are critical
for water transport are the asparagine (N),
proline (P) and alanine (A) residues
indicated in each hemipore.

how the two hemipores interact to form
the functional aquaporin
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| YAATOMOPINH-1 (AQP1) |

Metapopd. Tov vepod uéew g véatomopivyc-1 [a)
(Murata et.al, Nature 407:604, 2000) |

Asttoupyia tng AQP1 Bﬁ ﬁ

=  Jta epuBpokutTapa

Taxeia ko puOuopevn petadopa popiwv H,0
Qopwon ( ~85%)
Awaxuon (~64%)
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Ilpotevouevo povréio oraloyns s AQp-1 ota ewomuara
Katd tyv wpiuaven twv AEK (Blanc et.al, Blood, 2009)
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GLUT1
Mn-epuBposldikn
55 kDa, 200.000 copies/cell

10% of the total membrane
protein

12TM, NH2, COOH

Part of 4.5b

Etepoyevwc YAUKOUALWHEVN
4 caky.katolotnwy =
gVePYOTNTA PETAPOPEQ
Dimers/tetramers

D-Glc
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GLUT1 alter conformation to facilitate the transport of glucose
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principal functions of GLUT1:

(1) to facilitate transport of glucose

(2) Structural role: interaction of both dematin and adducin

Macrocomplex containing the three proteins

GLUT1 exists in extraordinarily high abundance in erythrocytes for 2 reasons unrelated to

glucose uptake...

(Facilitated Diffusion )

Glucose

Exterior

- AT r:

Glucose umpnrter Glucose uniporter
state A state B

RR

Junctional Complex (Proposed Model)

GI..U'I'1 GPC

(Khan et al., 2008 J Biol Chem 283:14600)
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Vitamin C (ascorbate/ascorbic acid) is a water-soluble molecule that is essential for life- antioxidant
that prevents cellular damage from oxygen radicals, vitamin E of plasma lipoproteins as well as the
RBC membrane components from oxidative defects, a mechanism that is especially important in
atherosclerosis

Most vertebrates satisfy their need for ascorbate by synthesizing it de novo from glucose (RBCs
GLUT1 or GLUT4) , but some mammals including humans have lost this ability and must obtain
vitamin C from their diets

ascorbate and its oxidized form dehydroascorbate (DHA) are taken up from the diet and carried in
the plasma to cells throughout the body

Cells then readily reduce DHA to ascorbate. Many cells have high-affinity transporters for vitamin C,
but mature RBCs do not have these transporters and cannot take up vitamin C from plasma

Montel-Hagen et al. (2008) demonstrate that the Glutl of mature human RBCs enables efficient
uptake of DHA by these cells. There is a switch in Glutl substrate specificity from glucose to DHA
that is regulated by stomatin, a membrane protein that binds to Glutl. The switch in substrate
affinity of Glutl is a unique feature of those mammals that are incapable of de novo synthesis of
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(3) to facilitate transport of L-dehydroascorbic acid (DHA) across the membrane

As an effective ROS scavenger, plasma ascorbic acid is oxidized to dehydroascorbic (DHA) that
enters RBCs through GLUT1

Inside RBCs, DHA is quickly reduced to ascorbic and then it slowly diffuses back to plasma thus
increasing the plasma concentration of vitamin C.

the physical association of GLUT1 with stomatin favors DHA transport at the expense of
glucose transport activity

Vitamin C-competent Vitamin C-defective I h RBC
mammals mammals mmature human S
(Mouse) (Human) express Glutl and primarily
take up glucose in
Glucose Glucose .DHA DHA.
preference to DHA.
r....-..,. Al el v 3 ” /1[»//' e de el /) s o0, ] . . .
Glutd Glut1 Stomatm Glut1 During RBC differentiation,
IO expression of stomatin
RYSEIRUoR0 increases. Stomatin binds to
i & Gucose & oom om.c Glutl and changes its
N\ substrate preference from
) "' c vit ° < glucose to DHA

Immature red blood cell Mature red blood cell

Troadec and Kaplan, Cell 132(6):921, 2008 80

Mature red blood cell



(Anstee, Vox Sanguinis, 100:140, 2011)
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spectrin

Major protein of RBC membrane

(31kDa, 7.2b —.

L Ekppaletal o€ StadpopeTikoUC LOTOUC
(Membrane-associated

(JHomo-oligomeric (9-12 monomers)

LKuplo cuotatiko twv Lipid Rafts

UEnriched in membrane folds and protrusions

(Membrane organization, cholesterol-
dependent regulatory processes

Winteracts with and modulates various ion
channels and transporters

(Wang &Morrow, 2000)
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e AANAnAerubpa pe GLUT], Zwvn-3, aquaporin-1, CD47, flotillins, calcium pump
(Rungaldier et al., BBA 1828:956; 2013)

4.1R complex Ankyrin complex

GPC

7 g ™\
AQF AQ Band3
l a 7T i\l'

C
_STOM m sTom [0 1§ / sTom STOM

dduci .
ARKynn 4.2
Actln - X
Spectrin I Spectrin )

4 iR
Spectrin I Spectrin )

N ymatin N.terminus
C: stomatin C-terminus

: intramembrane domain
ez palmitoylation

Overhydrated Hereditary Stomatocytosis (OHS)

Sharp reduction or absence of stomatin- mutations in the Rh-associated glycoprotein gene (RhAG).

stomatin acts as a molecular switch that binds to Glutl and changes its substrate preference from
glucose to DHA (partly converts the Glutl into a transporter for L-DHA).

In the absence of stomatin, the DHA transport by Glutl undergoes a 2-fold decrease while glucose
uptake is significantly increased.
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ATP-don IONTQN Ca*+

» 140 kDa

» E€aptwpevn ano ATP arofoAn Ca**

» AvtoAAayn Ca**/H*

» Evepyomoleiton amno to oupnAsypa calmodulin/Ca*t

Levels of calcium must be carefully controlled in
RBCs

Increase in calcium ions up-regulates a number
of enzymes (e.g. calpains) and processes (e.g.
proteolysis) that lead to RBC dehydration and
protein degradation.




