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Clarify the Unity of Biomembrane Polarity from the Evolution
of the Membrane Organelles and Their Life Activities
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Abstract

understanding of the function of membrane organelles in Cell Biology study and some mistakes in research. The

The polarity is the key character of biomembrane. Neglecting the character might lead to poor

article illustrates the polarity of biomembrane and the unity of this character among membrane organelles based on
their evolution and certain life activities. It will help to better understanding the function and life activity of the or-
ganelles in Cell Biology study and this also gives a hint to the research in biomembrane and membrane proteins.
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A: an animal cell and a bacterium. B: a plant cell. The hydrophilic sections of ATP synthases and transport pumps, showed by colored squares and

circles, that make or consume ATP are almost on the PS side of biomembrane.
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Fig.1 The schematic diagrams of cell biomembrane polarity
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Fig.2 Evolution of endoplasmic reticulum and nucleus and the polarity of the membrane



T A MBS M % AN A i i sl L B AR AR R AR R S 1 787

HEs, e AT A, A5 S R g K P i =
FiE e N B K VE B HE X5 J= 2 TA), B T =
GG 2, IEAETE R G 72 2 Fh B P B R Rl 2
oo 26 ot 7 e M B, e JE AalbT A3 B8, T OB R G T
(KE1A), BEAEHAIM R —Z0 50 7=, K ERA
FERRRE I E . B2 T KT RS g il
R H M =B gAY RS B TATRT I,
L FEAE N A FE B B 7 2 R AR N /N
i AL Y AR R T A 4B RS, B AL SRR
A RKF, FATH 58 Hfe o 2408 56 IF H & i
HKIF ALK J5 B P4 s S A N 2 N
FLAERCUR IR, A2 H R A6 1) A% 40 0 £ R A0 50 (UL
PER AT B )0 N I S8 A A A T R g (1314,
FNE BFIEAR T 2Rk . (HAE 5 1 B AZ 40
I A VIR R A B T R R I R R A A B A
K, AR AR 2 A e B FRIE Sk B A BRI, i HL
R Y[ 2uN iRk f 2 N R SR TN
(1) 2GR P Jo DX I A7 B P 5 XA O ) R
J5 B fi# (endoplasmic reticulum associated protein deg-
radation, ERAD) ) & F #%ia E &R [FE ", it
BAE 2 NS S A 2 I RS — 8 5.
R A Yl A N LA IR I, B R Gk A
SR —FEAE W E D (BT S A R A R 2
(R 2% , X 2 RAR 7T R 2 S5 a0 EAZ% 40 B 1) i 778
JEEE AT SR, BRI P 5 4 1 — P EE, T oA ) 4
N B A P B IR T B AE KA Y S AR i f
Pt R T . W Rt E A B A A R AR
EVRI, BIEkANERS, 2 NIERSGN—& 5,
T B B AR B A AR P R PN JIEE % 29 L Ak 200 B s 1 A
FHIE . TEil R IR B RhodEfb AR, i S A W e Ak (1) 1
JE AW IEHT A A B 2R e A P A M AR ], R A
5 240 it o 2% ot 1 42 feh T A PS, T S A TR A2 ES (B 1)
2.1.2  &AARArT SARAEY R IRNARME L
LA R I 2 A 2 A DN FR A e A R R R A P 2, EAT)
HR & BRI Y (ingested ) 2% FC I 440 B (028 T 14
B B )KL AR v A TSR 1, # SR RUZ B EE A
ORLAR AT 2R 1 PN R S T AL B A A 4 B R o
JE o T 8 07 A2 Rt AR A1 JBE ) A R VR I AT 43
B2 B LR g GOR AR A SR AR R S I BN
22 PQRAE TR 19 41 (outer membrane) B 41 B2 28 14
TR o X O A IR 3 AR A2 2R A4 T - S A A1 i
R AELEA RN TR A (1) FL R [ U S Eokr A A s AN

Y B AMIEES ] LA H 2 OISR I AR . H Zeki Ak
AT SR AR S I 5 40 T AR RS ) 72 e 2. 2, T Loy
TR T M A I R G, R a2 ST 22 B0 B 1)
Tr R R G« LRI SRR SN A]
PN BT R T RO 42 FE ] R AT I o A 3 U810 Rl A A
B, A R R R AR S N R Rk A A
Ko HTH I EAIERAR B R B A 5T 2 A i A
ity A 2 1 ) RN OR 2R A4 1) OM IV s T Jik
(AT I A ALY (pre-peroxisome) & & 1Mok 7. H
] WARARIMNE S NI RGOk R, EAN T
i) P R ), 2 i 240 L J5 5 o PR THT 35 9 PS o B RiAAR 7
JEERT BEAE A A P e A T A e 8 B /M B A I R
GiAkiE AR, X 7 BRI BB AL, X PhE AL
RIS FE AR 2 WL o B 2R ik 1 A1 B B2 Ak
H LA 15 F (host) 40 I ¥ 8 7 IR (1813) . 2k A A1
ISR AR ) A S AR A N L AR e E RS, e AT
Y1 ffw e R ELFE S M AN IR S0 (peptidoglycan) 2 # ¥
T EGR AL, (E45 B AR A S AR 1 32 20 i 2 [R) 45 2 AN
YR AZ I B AS D o IX Fh P HL 4R 44 (endosymbiont)
HMELP)TH R AE 2 2 A AL R g ) R AR i A B
H LB 4A) . 5 Ja 3 A N TR 20 R E 2 B 2
Jo HEAE 3 20 L B VL AR S B ) AN, HEALEE
SR N TV, S A5 A I AR AT IR S N i
FEREA I FE A P e Y6 JEE R P S A 2 R P Jo R ) 7
) 1 TT LAAR 25 5 4 W 2 R A R e SR A4 A1 R PN 5 114
W, PN AR IS 2 ] I 1] BR A5 T~ 4R B A (I3 A), N
AR (] B — U I R TR ES, 55— RN A 32 40 o 5%
A 15 A Y P 4 it 5 S5 1 e T 9 P'S

ER AR R AAR R I S A N A 2 T 11 I (1] 2 45
AL T-2miash, {H T AMNEFLE B AELE, £/ Tk
g3 b EVRTA 5T B B AR AL, B AN BT AL AR A IR
ADP/ATP % [aliz i # fA , Ze ki A 115 (] BR 7 (E ATP,
W/ B H I AT P 235 g 5k T e 591 ] J2 [ B2 — ]
UNL KR A B L 1) i-AAA+ER B YME ) ATPR£E
FIBAE N ESI BYo Py J5g I s 2R AL, #74E ATPAI
ATP.

X2 N HE 4 (secondary endosymbiosis) 244
7& H— N A EN T — A S AR N AL A
BEAGTT R I, 3K PSR v] GEAS LR A AN AR, ]
e Z )= AW, A A N e M. 3X
IR 2 A N AN ) 22 J2 AR P R R AR 1 B &2
X, B AR ELE AT R A v e 2 3 PO



788

(A)

Nucleus

|
Endoplasmic reticulum

Inner leaflet ____PS
Outer leaflet =™ ES

(®)

Nucleus

Endoplasmic reticulum  guter membrane and

peptidoglycan layer

Inner leaflet —_
Outer leaflet—"

&
ES

Endosymbiont
outer membrane

Digested or disappeared

Host endocytic membrane

|
|

Endosymbiont plasmamem

Host endocytic membrane

A JRIG LA BN N SEAE 0T o AR P AR G AL T ok i P SRR, R BN I 1 2T R A H P D A S 48 A AR 4,
FERTAREAT v o B: BN FOZRE A S0 I SR 22 RS R /I A8 o0 %, A 3 A Bt A PR AR A1 B, PAY ST A A DU T2 RS o s PAY 52 o

A: the ancestor of eukaryote ingested the endosymbiotic bacterium. It is based on the endomembrane system first hypothesis. Before the host ingested

the ancestor of mitochondria, it had evolved the endomembrane system, such as ER, nuclear envelope, etc. And it could endocytose. B: the peptidogly-

can layer and outer membrane of the mitochondrial ancestor ingested was digested or disappeared. The endocytic membrane of the host had evolved to

the outer membrane of mitochondrion. And the plasmamembrane of the endosymbiont had become the inner membrane of mitochondrion.
E3 ZrirERLTEE

Fig.3 The evolution of mitochondrion
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AR AR A A 1 M R P IR CHE 3 2 2% SCRR[2018 20) 0 20 €77 HE S0 7R 6 55 I T £ A ) o DY J22 s o A A P o
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A: a secondary plastid comes from a eukaryocyte containing chloroplasts which was endocytosed by another eukaryocyte. The four membranes of sec-
ondary plastid evolved from the host phagosomal membrane, the eukaryotic endosymbiont plasmamembrane, and the outer and inner membranes of pri-
mary chloroplast respectively from outside to the inner (modified from the reference [20]). The redlined square shows some of the four membranes may
disappear in evolution. The broken lined nucleomorph in the figure expresses nucleomorph, which comes from the nucleus of eukaryotic endosymbiont,
disappeared in evolution in secondary plastids of some eukaryocytes. B: the polarity of membranes of cells containing a secondary plastid. The red lines
denote outer leaflet of membrane. The blue lines are the inner leaflet.
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Fig.4 The origin of the secondary chloroplast and its membrane polarity
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There is similarity in topology structure between mitochondrion and chloroplast. In the right of the chart, the inner membrane of proplastid invaginates

to form the similar topology structure as the crista of mitochondrion. It is pinched off as a sac to develop into the thylakoid of chloroplast. Arrows show

the direction of H' transport by ETC (electron transport chain) complex. Although photosystem II and I in photosynthetic electron transfer chain cannot

transport H" directly, they produce H' in thylakoid or consume H" in stroma respectively to generate proton motive force across thylakoid membrane,

which have the same effect as the H transport.
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Fig.5 Membrane polarity of mitochondrion and chloroplast
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Note the contrary directions of the Ca®* pump in the left red lined squares of the two pictures. The directions of ATP binding domain and Ca®* transpor-

Ji L IS SR ATP S, & S5 A SR Ca™ e 32 J7 [l 4 332, A7 P P 97 1 AR AT s IR R K 7

tation of the ER Ca®" pump are incorrect in the left picture. The direction of the protein in the right picture is correct.
El6 MAEYFHEM hXREBRMRERGIBBESETHEN])

Fig.6 The revise of Ca>* pump polarity in a cell biology teaching material (cited from the reference [1])
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