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Advancements in stabilization technologies for membrane protein
and its application in drug screening
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Abstract: Membrane proteins are the main undertakers of biofilm function, and also the most important target
group for innovative drug discovery and research. About 60% of drugs targets are membrane proteins. Due to the
obvious aggregation and denaturation tendency of membrane proteins in aqueous solution, it is difficult to simulate
the membrane like environment to maintain the correct conformation of membrane proteins in vitro, which results
in the slower-growing research on the structure and function of membrane proteins and related ligand drugs than
that of water-soluble proteins. Membrane protein stabilization technology is the premise of establishing high speci-
ficity, high sensitivity and high throughput drug screening methods for membrane protein ligands, which is of great
significance. In this paper, some techniques for stable separation and purification of membrane proteins are
reviewed, including detergents, artificial membranes, polymers, lentiviral particles and so on, as well as their
specific applications in drug screening.
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particles; drug screening
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Figure 1 The process of membrane protein separation by deter-
gent. A: Membrane protein embedded in lipid bilayer; B: Deter-
gent interacts with lipid bilayer; C: Dissolution of lipid bilayer and
extraction of membrane protein
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Figure 2 Self assembly process of nanodisc. After the detergent
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Table 1 Comparison of different types of artificial films

A UBELAAS g A 258 1 2L i B LA B o
3 REeEPREREAR

B SXof 35 9% ) RN 3 JIEE 43 B 4l Ak AT AR S MIPs AN
A, BFFEN AR ST MPs Ji B Ja) 356 Mg Jo3 24 85 114) S8 i
R, PR T 5E NI IR FIE 7%k, KA AR
IR RIE 5 T ok R R NGRS R &
Wk Fa e & 47 MPs 90K 24 B 2 51 4%
31 EZH-DRERET (styrene maleic anhydride,
SMA) BEH  SMA IR LM Al Sk R E I [ ph
REMB—FERe il R RIL Y, RSP R K
1 T SRR RN K M 12K 2 A8 B 4. SMA FIK )
140 IR 5 4 R 20— SR BRI T 52 UKL (SMA lipid
particles, SMALPs)®“", 413 SMALPs I, 1 2% % 41 ffg
R EE, SR 5K — o B SMA TS INE| pHAE > 6.5
%) £ o B A B 9 — B TR S R R IR A A
FRAREE, W SMALPs [ 2125 52 i, 32 K 22 R 6
BT B AR R A SMALPs 20 %% 5¢ B i B9 4 B 2 5.
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np;erlt':l;(;::e Component Advantage Shortage Application Ref.
Liposome Phospholipid More suitable for the functional ~ Poor uniformity of liposomes Cytochrome b6f [34]
characterization of transporters calcium pump [35]
Bicelles  Long chain phospholipids  Easy to mix evenly Need detergent VDAC-1 [43]
and short chain lipids (or The appropriate ratio of [DMPC] and ~ f2-Adrenergic receptor
detergents) [DHPC] is difficult to determine
Nanodisc  Phospholipids and Adding MSP can stabilize the Need detergent G protein coupled [44]
amphiphilic helical natural conformation of Specific proteins require a specific receptor
proteins membrane protein better buffer system CYP3A4 [45]
BCL-XL [41]
VDAC-1, NRT1 [42]
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e

Figure 3 Extraction of membrane proteins with native lipid environment by SMA. SMA additions leads to the formation of native nanodiscs

containing different MPs or only lipid material. Subsequent affinity purification allows for the isolation of native nanodiscs with the protein

of interest®®”
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Table 2 Comparison of different types of polymers
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NTSR1 E I 5 RGP, 1IX R PMALPs y NTSR1 42
BE T RAR AR BT, A, PMA S — Rl AT B AR
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1295 2 (lentivirus) F A& DL 28 6 52 B | 2 9
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Polymer Component Advantage Shortage Application Ref.

SMA Styrene and High extraction efficiency and stability ~The tolerance to pH lower than 6.5 lon channel [50]
maleic anhydride and divalent cations is low. Strong Transporters [50,51]

ultraviolet absorption Enzyme [52]

Respiratory [53]

DIBMA  Diisobutylene Higher tolerance with divalent cations
maleic acid
PMA Polymethacrylate  Higher tolerance with divalent cations;

No strong UV absorption

Less application

Chain complex recipient  [54]

Strong ultraviolet absorption ZipA [61]

NTSR1 [63]
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SO 9 5 ORL 45 A R TS 5 T M LR (surface
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prigasl: O}V

MPs i 14 24 4 i 3% Al MPs F A2 Wb B0 & B H
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M, FDAHEUE M 2 T ¥ b5 o R 667 AN 2 B A, MifE
DrugBank % 4 /& t (1) MPs # 5 i % oy 3 041 ANRET,
AL, AR MPs BE AR 02 2 T MPs #E bR s £ . MPs
AR 2 02k 1 DA B 3 i 7K 1 6 R s BRI T MIPs BE R 1)
PRAMIE 5T UL B B AR 250 3 o DR, MIPs B R 45
AR ST ILRE AR MR L A2 A5 T R I 1
MPs b7 FHRH S TG A4 245 4 i e 7 ok T 18

H AT 4&H X MPs (¥ 1C ¢4k a7 3 2 0 1% B R o e B AR
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BEATAS N, 20 tH 20 90 FEAR LK, X M5 k4% iz H
¥ 167 B (0 R I A DL B /IS 43 1 2 0 1) e T R D™
Johzuka S5V 7. 7 fy R 2R I A5 B AR 1AL 4R (HP-
SPR)-3D & 4t, ‘B AEAEINZG 1 h P % Ui 2590330 17 A5 U
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Table 3 Comparison of four membrane protein stabilization techniques
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Membrane protein

stabilization technology Method Category Advantage Shortage
Detergent Replacing natural Traditional The specificity of membrane protein The stability of membrane
membrane environment  detergent and new  extraction is high protein is low and its
with micelles detergent application scope is limited
Artificial membrane  Artificial simulation of ~ Liposomes The stability of the extracted membrane ~ Need to add detergent,
natural membrane Bicells protein was high, which protected the restricted by the use of
environment Nanodisc functional and structural properties of the detergent

Extraction of membrane SMA
proteins from polymer DIBMA
coated natural membrane PMA
Extraction of membrane

protein from lentivirus

particles

Polymer

Lentivirus particles

membrane protein to a certain extent
The stability of the extracted membrane
protein is high and no detergent is needed protein extraction is low

The specificity of membrane

No need to label membrane protein, high  The construction of lentivirus
activity

particles is relatively complex
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products and P-gp through dual channel signal derivation, and to screen target compounds with significant response signal; D: To verify the

effect of active compounds on the function and expression of P-gp®
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