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Evolution of the Vertebrate Erythrocytes Membrane Skeleton Protein
Affinity is Caused by Protein Kinase C

Tang Fuzhou, Wang Xiang®, Xiong Yanlian, Deng Xueru, Li Yaojin, Wang Ruofeng
(Chonggqing University College of Bioengineering, Key Laboratory of Biorheology and Technology, Chongqing 400044, China)

Abstract To study the relationship between the vertebrate erythrocytes membrane skeleton protein af-
finity and deformability of RBCs. Atomic force microscope (AFM) was applied to detect the viscoelasticity and
fluorescence intensity was observed by indirect immunofluorescence labeling of these vertebrate erythrocytes (hu-
man, chicken, frog, fish) that were treated with Phorbol-12-myrisrate-13-acetate (PMA), a PKC activator, for 0
minutes, 2 hours, respectively. Bioinformatics softwares were used to compare the RBCs protein 4.1 and a-spectrin
sequence. The measured Young’s modulus of erythrocytes (human, chicken, frog, fish) increased significantly after
PMA treatment 2 hours and were (0.388+0.035) kPa, (0.219+0.022) kPa, (0.191+0.036) kPa and (0.141+£0.007) kPa
respectively. Fluorescence intensity increased significantly after PMA treatment 2 hours because chicken, frog, fish

erythrocytes protein 4.1 have the phosphorylation serine sites corresponding to the number 312 of human erythro-
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cytes protein 4.1 and PKC phosphorylate chicken, frog, fish erythrocytes. Young’s modulus increased is consistent

with biological evolution because of PKC. This trend provides a basis interpretation for the acquiring deformability

of RBCs from biological evolution and molecular mechanism.
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Fig.1 AFM force-distance curves for human RBCs(A) and human RBCs treaded by PMA(2 h)(B)
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AFM force-distance curves for chicken RBCs (A), chicken RBCs treaded by PMA (2 h) (B), fish RBCs (C), fish RBCs treaded by PMA (2 h) (D), frog
RBCs (E) and frog RBCs treaded by PMA (2 h) (F).
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Fig.2 AFM force-distance curves

F1 PKCHUIEFIPMALLIE2 h4HFIPKCHIH]FCalphostin CALEE40 minfH R 3TBBLAA . 38, 8. &LIMARIHAICIRE (ts)
Table 1 Young’s modulus of human, chicken, frog and fish RBCs comes from PMA treatment 2 hours group, Calphostin C
treatment 40 minutes group, and without treatment group, respectively(x=+s)

L/ Vil W A e (kPa) Wy AR AR A i (kPa)
Species Group Young’s modulus(kPa) Young’s modulus variation(kPa)
Human Control 0.607+0.138
PMA(2 h) 0.995+0.103 0.388+0.035
Calphostin C(40 min) 0.605+0.089 0.390+0.014
Chicken Control 0.674+0.077
PMA(2 h) 0.893+0.055 0.219+0.022
Calphostin C(40 min) 0.675+0.057 0.218+0.002
Frog Control 1.131+0.136
PMA(2 h) 1.322+0.113 0.191+0.036
Calphostin C(40 min) 1.131+0.099 0.191+0.004
Fish Control 0.769+0.066
PMA(2 h) 0.910+0.073 0.141+0.007

Calphostin C(40 min) 0.770+0.045 0.140+0.028
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Histograms of the Young’s modulus determined for human RBCs (A), human RBCs treaded by PMA (2 h) (B), chicken RBCs (C), chicken RBCs tread-
ed by PMA (2 h) (D), fish RBCs (E), fish RBCs treaded by PMA (2 h) (F), frog RBCs (G), and frog RBCs treaded by PMA (2 h) (H).
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Fig.3 Histograms of the Young’s modulus of RBCs
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Fig.4 Alignment of part the amino acid sequences of RBCs protein 4.1
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Fluorescent micrographs of RBCs labeled with phospho-serine antibodies (A). Fluorescent micrographs of RBCs labeled with phospho-serine antibod-
ies. The RBCs treaded by PMA (2 h) (B). The blood sample from lift to right is human, chicken, frog, fish respectively. Bars=10 pm.
El5 MR Rt RE
Fig.5 Fluorescent micrographs of RBCs labeled with phospho-serine antibodies

AR WEIR AL, DRI 2 G o B T 5 . e (o SR o Y
B XEMWHEAN. WM. . MG REPMARH G
JIEE 1 22 5 R B % W PKCI R AL, HL & W Fh I A TR
% BB 2 2R B R, Z2PMAE B G 4 YFh
(1) 22 S PR M B R A 1) B e AN [

TESZIG A I 24K FE240.05 pmol/L ¥ PKCH)
il 7l Calphostin CALFEZT 41 /940 min, I A20 ng/mL
IPMARE & 412 h, 15285 6 8] B 0 s 73 1
P B FIOHS FUZH 1) 98 B B AR —FE .

3 e

S HESI 21 A0 F A R 1 g 2 5, X )
2 R/ S SO R AR, & A e %
A 0 A1 SR A FERBE P bR B T AR O,

HE B0 ) 21 40 M0 B vy 2R B 1 AT Ak 2 3 A 1 W TR
ML KT, AT SEAH I B SRR P 5 10 32 T iy 2R R
[ 103 42 S BULL A0 B 05 A M R i) e g1, AN )
ZJ) ) 21 40 O B TR A T i A ER A R AR A 1K) 22 57 R )
240 1B R P O R A A R A O S M R
HIAN RIS,

AR R SRIR A T A ME A= ) 1) 20 40 i AE 28
03 B A TN (A PR R R, AR A
ok r Y R 3 Tk A0 i 4 v PR B S B R,
FHORA B 1 W) BEAE OPT Y 5E, A RS 1R K/
PRGN NIPEREE, 1 B BBOR, AN TR 5 Kk
AR AR A, B R R >8> A,
R B AR, 2 BRI i SRR R T
ANGE A AREL S A2 e K Az 1 A, AR 1) v A



JEA M A ER O C IR 2 ME A ) £ A0 L SRR 1 ) SR A R s 2R

467

AR, 3K I AT A B N % H IR ARV RS
Z A TV E (U3, ASTRIPMAR DL KA [R] 9% 75
()56 21 40 Ji A2 T e 0 AN TR (1) 5% 0, PMAA 52 38 T
S DL 7 I TR) A A IR B 41 40 P 4 T IR Ak v A
T, 2040 W A8 T e 1B PMA R JBE (K88 i, 1) T () 28
K, AN . 2140 il fEPMAZE 9K J& 20 ng/mL
I REfS AL . 7E A2 RPMAMKRIE F WIS (176
PMAF HS minf 4B tb, e e bt
PMAF & I [H] PRI RE K, i 98 A IR R B Al 25 iR e 4L
A0 AEPMAE 75 130 miniX AN 2 b ik (1 B R 1k
P4 & 00, £E30 min)o B8 INZE18, 782 hiG ik
Fl—AMREEM . TEARSCR AR EYN L0 a2 24k
J& 20 ng/mLIPMALLF2 h), HIVAPBSE 11 2 .
207 WA A, IX LA AR & A IR
ANTRVRE BE TR B e, S 30 U 45 22 B PR A A 3 5 1R 4 1
PR SRR Ay > N> >0, i EGRE s AR B N
D e B PSR 43 A AT E A N SEARAL L UY R ey
Ak, S e AT AE AR AT A RSB BRI SR AN ) AN [F]
AW B s — 350
LA AR AL IR . CD444)r 1,
BE0% 15 21 41 o 2 1 B CTE A 108 1 & 2E R (L IR 1L
YER, PISCER FEORT 140 M IR AR 1 e T )5 i A2 53
J v LA, B 1A R R A 5 R 40 41 AR TE fig
DR S 30% 20 A7 UL S Ik AR AT B AE BT ] LA
HI{ENCBIH AN AT AT 0 1R ME B 70 5 N BT 5T

LR KA T [FIFEAG %A s R IR L . A
SCHTHUIARR AT HEAE Y I 2040 M0, A0 FRZL AN S A
(PMAW 772 h) TR 22 S 1R DOt G (b I, R WIAG

FAk o B AL HT o X AN MEAE V) 21 20 s QR 1)
ZEAHARIA % AL (1 IR ) 45 SRR, RN )45 578
J5 Ay > RE> N 3K 55 A2 KA 38 ik AR AR S5 2
R R B . X R 4 R R
() [ 5% A0 g 5 B2 5 Rl b A R AE A — B K R
X AR R B A (A R B 21 20 i 1 6 24
(RN Bk Es, nT AR TR )« KPR G N g
O ML 259y DA B LB B A A S5 R e R o
LI A B A SRR A DAL R
(1) 2 22 K R B B R DX IR 5 AL (SAB), A 15 21 4
JEAE LK Dhfie b AR, 2 4.1910 kDa
Z K3 12547 22 S TR (M5 R 10 23 2 S ABIX Sl i
F IR SRR 20, I 524 Mo BEELESABIX 48 111 2h
REZh i A FE M, EEARENEEA. 4.1
LU 5 R A odi BRI, 1 5% 8 A pRE7E L
PIREAEFAL T Oy RPIRES, B S5/ R D) e
DX L AT AR 5 PO ARALE 2, 6T 715 Ay 21 400 R ot
R o IR R G AR DL A RIS B TR AL o L
FRAHERFLIE A A KB, AR K
J5E BT AR (R AL I TB) AR BLAS 1 (R A . P v
{14 )05 R o P oA A 21 400 P i 52 2 11 o PRI AR ABLRE
BE T 140 B M 5% B o AR B R AEAS [ A= A ) 21
0 M B A AR AL, JE T R AL AL B2 h)E AR AR
RAS 2120 By AR 1 A8 A B SR AE 21 40 R I v A%
TERE T, R an B 757 1R A D AR ARARLE 5 4 R A
AN NSRBI L. AR RS P
(RIIEACLE A HE S b 21 40 Bk o T2 0%, i ELIXRh
IR RN RE R 2 A 20 R X WBFAE
HEAb R b 20 40 AR T 66 T R SRAS AL T 2% LA

BT Bl it ke RE 12 NETAN ) N ey
iyt AR R ORI R O T TR
0.034 Homology matrix of 11 sequences
Human
0.064 028 Human 100%
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0.121
0.002 o1 Rat Cow 80.1% 80.3% 100%
0.049 - Dog Dog 80.6% 80.8% 78.1% 100%
0.130 0.130 Rat 79.0% 79.6% 79.8% T7.0% 100%
L 0.115 Opossum Chicken  764% 76.6% 74.9% 75.6% 74.4% 100%
0.012] ~ Chicken Opossum ~ 56.7% 57.4% 559% 55.5% 55.8% 59.5% 100%
0.0081 %4 Chameleon Chameleon 38.7% 59.5% 57.2% 57.5% S7.1% 60.2% 96.8% 100%
0.239 0.050 Frog Frog 56.2% 57.0% 56.1% 55.8% 55.6% $59.1% 92.6% 93.4% 100%
0{034 Zebrafish 775,14 56.1% 56.7% 547% 545% 552% 58.3% 89.9% 91.5% 89.2% 100%
= Tilapla Zebrafish  56.5% 572% 554% 54.8% 55.6% 58.8% 89.9% 91.6% 89.4% 94.7% 100%
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Fig.6 Phylogenetic tree and homology matrix of o-spectrin cDNA sequences
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These points represent the change of young’s modulus and sequence identities of the a-spectrin. These points from lift to right are fish, frog, chicken

and human respectively.
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Fig.7 Simulation evolution curve for RBCs deformability
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