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Fig. 1 Folding pathway of dimeric proteins
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Fig. 2 Bifurcated correct folding pathways of G6PDH in
crowded environment

B2 EWHFIRE D AERE o W RSN
— R RIERE

Fioh, BATHESCH PIE BB T B A B
SF FAEAR GroEL A K MY GOPDH )4 78 1 %,
HCIH A B PR S BT B 20 1t LA /e B P 55
SRCTEIRIS R eeri DAL SUELP Rtk = 2 PIE S
CONP N S 157 R L ) R R 4B D Ok 272 3],
T 3R i A A A Rl 52 1 3 P AR O A )
S BTRART LABE,  BROK 4 F  4 1  38 i A f
O3 AR 1) D BELE 3T 5% 21 58 o 49 3 ik — 2D B i
.

WESER ST NG IS i T 8 S ) S5 50
ﬁﬁﬂH%%Wﬁm*,“%L¢~ﬂ %muw
K FAUHER T e 1 WA Sy S22
Qﬁw%mﬁHﬁﬁﬁm%%ﬁﬁu&mﬁm%m
Frak AU PR K, PR T BRI IE
RS0 R 9345 R 1 A PE 75 2K e 1

ey

SES.
4 B 2}

1987 4 Ellis 3 H4 1 73 7 4145 Al & 3L 3ok 1 75 2]
JrZRERZ, WA ERA TS O TR IR B AR
PR, EHK Ellis XK A B 20
MMA BRI TIFI S, HERE < H e
I 7 S r DR Ve RS RO K782 S
A N A ) e N RE 98 AE AR Ab 4 B B0 2 n BA BT
S HAT, CZIARE] DNA (¥ 52 R 5 5 06 2
TEIMAIIF XA RGP TCA e B8 L 15
JSN R RS SAR SN P S SRS e g K
0N 1 T A Nkﬁf%ﬁﬂme%Whu
RO B AT, AN, BT AT B 1) 4
ﬂ~Mkm%%&%aﬁﬁ I BRI A n b —
), WHE Anfinsen —JFERBEAE “ 4B~ &1
AR A AR R R B O S PR G, IRRATTA R
AN Anfinsen JRH, HA MBI REAS
A4 KRBT, iR B 0 &5 R T 5 AN mT REREAT
A4 Anfinsen 155 22 fE % (49 23~ 24C) i A

Prog. Biochem. Biophys. 791 -

AR LA B R R AR S5 0 A7 0.35 o/ L (1)
Z AT A GBI S5 AR P R B R R 1) 56 4 F &2
PEL.

2 % X M

Anfinsen C B, Haber E. Studies on the reduction and reformation
of protein disulfide bonds. ] Biol Chem, 1961, 236 (5): 1361~
1363

Swaminathan R, Hwang C P, Verkman A S. Photobleaching and
anisotropy decay of green fluorescent protein GFP-S65T in
solutions  and  cells:  eytoplasmic  viscosity probed by GFP
translational and rotational diffusion. Biophys J, 1997, 72 (4):
1900~ 1907

Zimmerman S B, Trach S 0. Estimation of macromolecule
concentrations and excluded volume effects for the eytoplasm of
Escherichia coli. ] Mol Biol, 1991, 222 (3): 599~ 620

Ellis R J. Macromolecular erowding: an important but neglected
aspect of the intracellular environment. Curr Opin Struct Biol,
2001, 11 (1): 114~ 119

Minton A P. The effect of volume occupancy upon the
thermodynamic  activity  of  proteins: some  biochemical
consequences. Mol Cell Biochem, 1983, §5 (1): 119~ 140
Zimmerman 5 B, Minton A P. Macromolecular crowding:
biochemical, biophysical and physiological consequences. Annu Rev
Biophys Biomol Struct, 1993, 22: 27~ 65

Minton A P. Implications of macromolecular crowding for protein
assembly. Curr Opin Struct Biol, 2000, 10 (1): 34~ 39

Riva G, Fernandez ] A, Minton A P. Direct observation of the
enhancement  of  noncooperative  protein  selFassembly by
macromolecular  crowding:  indefinite linear selF association  of
bacterial cell division protein FtsZ. Proc Natl Acad Sei USA,
2001, 98 (6): 3150~ 3155

Ellis R J. Proteins as molecular chaperones. Nature, 1987, 328
(7): 378~ 379

Ellis R J. Molecular chaperones: Avoiding the crowd. Curr Biol,
1997, 7 (9): R531~ R533

Xu Z, Horwich A L, Sigler P B. The crystal structure of the
asymmelric GroEL-GroES ( ADP) 7 chaperonin complex. Nature,
1997, 388 (6644): 741~ 750

Elowitz M B, Surette M G, Wolf P E, et al. Protein mobility in
the eytoplasm of Escherichia coli. ] Bacteriol, 1999, 181 (1):
197~ 203

Rivas G, Fernédndez ] A, Minton A P. Direct observation of the
self association of dilute proteins in the presence of inert
macromolecules at high concentration via tracer sedimentation
equilibrium:  theory, experiment and biological significance.
Biochemistry, 1999, 38 (29): 9379~ 9388

van den Berg B, Ellis R J. Dobson C M. Effect of macromolecular
crow ding on protein folding and aggregation. EMBO J, 1999, 18
(24): 6927~ 6933

van den Berg B, Wain R, Dobson C M, et al. Macromolecular
crowding perturbs protein refolding kinetics: implications for
folding inside the cell. EMBO J, 2000, 19 ( 15): 3870~ 3875
Galan A, Sot B, Llorca O, et al. Excluded volume effects on the
refolding and assembly of an oligomeric protein: GroEL, a case
study. J Biol Chem, 2001, 276 (2): 957~ 964

Burston S G, Weissman ] S, Farr G W, et al. Release of both
IIilli\'H al](l |Iﬂ|1’i]ﬂli\’(“. |1rnl(-‘.i||s f]'lll'l'l B l"l--ﬁ"'llllly Cr(1|‘:], l(“.l'"i'r'\'
complex. Nature, 1996, 383 (6595): 96~ 99

Martin J, Hartl F-U. The effect of macromolecular crowding on
chaperonir mediated protein folding. Proc Natl Acad Sei USA,
1997, 94 (4): 1107~ 1112



- 792 - S FES5EMMEHE Prog. Biochem. Biophys. 2001; 28 (6)

Intracellular Macromolecular Crowding

LI Jian, WANG Zhi Zhen"™
{ National Laboratory of Biomacromolecules, Institute of Biop hysics, The Chinese Academy of Sciences, Bejjing 100101, China)

Abstract There are hundreds and thousands kinds of biomacromolecules within cells, proteins, nucleic acids,
polysaccharides and so on, and the total concentration of those macromolecules could be high up to 80~

200 g/ L. In general, cellular interiors are 20% ~ 30% volume occupied physically by macromolecules, and such
an intracellular environment has been termed as “ macromolecular crowding” or “the excluded volume effect”
more precisely. The biophysical theory has predicted significant effects of macromolecular crowding on
biochemical reactions thermodynamically and kinetically, however, the important aspect of the intracellular
environment is largely neglected. It has been strongly suggested that addition of crowding agents at biologically
relevant concentrations to working system should become a routine variable just like pH and ionic strength to
make the study under more physiologically relevant conditions.

Key words intracellular macromolecular crowding, excluded volume effect, protein folding, crowding agent
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