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Figure 1 Organic synthesized macrocycles and diverse protein-based macrocycles
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Figure 2 (a) SP1 protein-macrocycle fabricated 1D nanotubes and 2D nanosheets, (b) enzyme mimic.

(¢, d) QD and dendrimer-induced SP1 nanowire, (e) simulated chloroplasts

TR b ABATE A H] SP1 A RS QD 2K S & 1R 8 B A OGS f i PR QD ik
AE] 2D E QKA R T M TE & T — R N OGRS (L 220, A QD Al DRI AR —
FERAA WIS FRET $4 454 L2800 T R RSP, gk i i o] A SRS i g . ok, X
— AR AR R R SRIEA T AU, AR EOR 562 05k SR T 2R Z M A X S 2otk
G355 U A A RE B RS SR AR 1 B
1.2 10nm HFEEZEHNEBKIF:GroEL &

GroEL 2% — WM AWS| A E I K., GroEL & i 549 S LR 5% 5L T 4 . R e —
AN DA A~ 0 211 B 2 I AE — R TR B DU R AR SR AR AR S5 4 e R AT R L RS R

10. 14028/j. enki. 1003-3726. 2019. 10. 013



. 122 = s ¥ (1] it 2019 4F 10 H

60kDa Z£ 47, MRS 3R, GroEL . FLAR 2 4. 5nm, H SP1 B K, IR E 3L 14, 6nm(JLFE 3a) , X
N FA LRI A By 2 RS A (WLE 1) . GroEL & — R HE A& H 0 THLAY - & H BT A58 i o A I 43
THEZ— AR E B BUOEM TS . 2 ATP QBT . GroEL 28 1 Al & AR M G028, g 32 3 1 288 B o
R & AR A 4 AR BESS DR IT S i th AR S . HAR R KE 1 Aida BF5T 4 IE 2 AT GroEL
W — RPVRRETE T 8 R IF A 412 R I REAb w58 ULl 3a) 57,

a)

o A & o &
g SRy |3 =S T RELHY
\’:‘?' 3 -Q_.!; L»

B oot
Celivlar Uptake ‘

3 (04T HAE GroEL K7 7 LA, (b) Bt i i 615 GroEL B K E . (O XM IRAER GroEL 4544,
(DT GroEL # H 4R AE K B K 20 M A A

Figure 3 (a) Molecular engineering of chaperonin GroEL, (b) merocyanine-modified GroEL. mutant,

(¢) magnetic-field responsive reversible assembling behavior, (d) end-capper protein modulates the nanotube

length and cell internationalization
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Figure 4 (a) Model of a nanodisc, based on the discoidal double-belt apolipoprotein A-1 model, (b) electrostatic
potential of scaffold protein MSP. (¢) All-atom model of the active 70S-RNC-Nd-SecYEG complex, (d) PET between
{luorophores at the rim of the lateral gate of the translocon, (e) complementary DNA functionalized nanodiscs

self-assemble into nanowires

FE.
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Figure 5 (a) Assembly of GPx mimic Se-containing TMV CP into artificial nanoenzyme, (b) conversion of

native 24-mer Ferritin protein-nanocage into 8-mer protein-macrocycle
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Figure 6 (a) Bis-MTX and DHFR system self-assemble into protein-macrocycle via the host-guest interaction,
(b) CSAN-antigen conjugates: multivalent ligand binding to cell membrane antigens, (c¢) strong selectivity in vitro

and tumor specificity in vivo
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GST-based macrocycle

050 100 150 WM

K7 (2)siGST & M SA 100nm ¢ /8 H R IR, (b) AFM RAE sjGST & [ R 451
Figure 7 (a) SJGST variants self-assemble into highly protein-macrocycles with diameter over 100nm,

(b) AFM images of ‘big’ protein macrocycles
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Progress in Self-Assembly and Functionalization of
Protein-based Macrocycles

XU Qiang-giang, GONG Han-lin, SHANG Jie, PAN Tie-zheng, GE Yan" , QI Zhen-hui"
(Synergetic Innovation Center of Flexible Electronics and Healthcare Science of Shaanxi Province ,
Sino-German Joint Research Lab of Space Biomaterials and Translational Technology . School of

Life Sciences, Northwestern Polytechnical University ., Xi’an 710072, China)

Abstract; This review focuses on the recent progress of self-assembly and functionalization of protein-based
macrocycles. Taking the most popular protein macrocycles as example, the structural features, fabrication strategies and
functions of these well-explored protein-macrocycles were analyzed and compared. As a new kind of biogenic polymeric
macrocycle, protein-macrocycles serve as the evolutionary product of biopolymer science and macrocyclic chemistry. The
protein-macrocyclic structure provides a novel design material and construction platform for fabrication of functional
polymers. With the accumulated knowledge of kinetics and thermodynamic behaviors, the manipulation of the self-assembly
process of protein-macrocycles will become skilled.
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