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Abstract  Composed of a continuous bilayer and two continuous water channels, lipid cubic phase has been
proven as a promising method for membrane protein crystallization. Since its introduction into the field 19 years
ago, it has contributed to the structure determination for many challenging membrane proteins, some of which has
puzzled structure biologists for decades. As such it has become increasingly popular. This review aims to give a ba-
sic description to the method and to briefly summarize the advances for this technology. The application of the lipid
cubic phase in membrane protein functional assays and refolding is also described.
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A: monoolein, or 9.9 MAG, according to the N.T MAG nomenclature where the ‘N’ and ‘T represent the number of carbon in the indicated region; B:
brominated monoolein®. This lipid is useful in fluorescence measurements of protein reconstituted in LCP as Br quenches Trp fluorescence™; C: a
cyclopropyl analogue of monoolein can form LCP at 4 °CP"; D: LCP-forming lipid with a sugar head group!®; E: phytantriol, a LCP forming lipid with
multiply branched fatty chain. The LCP formed by this lipid is much more viscous than that by monoolein'”.
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Fig.1 LCP-forming lipids

Trp fluorescence

No quenching, high Quenching, low
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Trp fluorescence of integral membrane protein DgkA is quenched by the bromine (dark cycle, Fig.1B) located in the bilayer, in a concentration-dependent
manner. Monoolein is shown as a red cycle (head group) connected by a thin line (carbon chain). Shaded region shows the membrane bilayer. Trp side
chains are shown as red sticks. The fluorescence of Trp is quenched due to the close proximity of bromine. The quenching observed is consistent with the
fact that membrane proteins are inserted to the bilayer of the membrane as the quencher bromine is located in the middle of the membrane.

B2 BRI IFHREQNERT R AREREENNEL

Fig.2 Trp fluorescence quenching experiment demonstrates the insertion of membrane protein into the lipid bilayer of LCP
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A: FEE 5 LR B & (Hamilton). %1 3E 4 JmpE 354G SONZIRE, M, Fel R — ik, RS BhIm ZE 10 RS S 1/501A R . ZE{fHI 10 nLid: 5281
FEWL R, ARG — R0 51200 nLAE S 7 AHEE i B: T8 _EFE ¥ % (Art Robbins). 5 A = BR[A) fAE T H 20 58 4R PR TE ks an, 352004, Rt 7e
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A: manual dispenser from Hamilton. One press takes 1/50 of the total volume of the syringe. For a 10-puL syringe the volume is 200 nL per a click; B:

manual dispenser from Art Robbins. It differs from (A) in that it takes 200 clicks to empty a syringe; C: an overview of a typical LCP crystallization

well; D: small crystals that can be barely seen under light microscope; E: cross-polarizer helps the visualization of microcrystals grown in LCP.
E3 RRiIARERIRFENERRERABER

Fig.3 Manual disperser for LCP crystallization and typical initial crystallization hits
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A: principle of the coupled assay for the kinase activity of DgkA. ADP is re-phosphorylated by pyruvate kinase using PEP as the phosphor-donor. The
product pyruvate is reduced to lactic acid by lactate dehydrogenase at the cost of the oxidation of NADH, a process that causes the loss of absorbance
at 340 nm; B: DgkA- and monoolein- containing LCP is dispensed at the wall of a 96-well plate. The sticky LCP stays where it is put and avoids been
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reaction; D: conventional assay for PgsA activity requires multiple steps including chloroform extraction and measurement of radioactivity; E: PgsA
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water soluble CMP is then produced and released to the soaking solution where it can be detected by the light beam. The one-step assay is simple, con-
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Fig.4 Enzymatic assay for two membrane bound enzymes involved in lipid metabolism
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