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• Structural	determination	of	membrane	protein	by	

using	lipid	cubic	phase	method	

• In	situ	method	for	delivering	the	sample	for	X-ray	

diffraction	

• Successful	cases	from	macromolecular	

crystallography	beamlines	in	SLS	
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Structural	determination	of	membrane	
protein	by	using	lipid	cubic	phase	method	

MP	à	crystals	à	X-ray	à	MP	structure	



Lipid	cubic	phase	(LCP)/in	meso	crystallization	

hanging-drop plates, the bolus can effectively be similarly sandwiched as
illustrated in Figure 7. When working with commercial plates, those made from
low birefringency plastic should be used for best viewing and imaging of crystal
growth using polarized light microscopy (PLM).
Plate setup for crystallization (! TIMING 5–10 min per plate) Silanize
standard microscope slides and coverslips; use a commercially available sila-
nizing solution and follow the protocol specified by the supplier. Remove the
protective paper cover from one surface of a strip of perforated double stick
spacer tape (3 wells wide and 9 wells long). Place the tape, exposed sticky surface
down, in contact with the surface of a silanized microscope slide. Pressure-seal
the tape to the slide using a brayer. Aluminum foil can be placed between the
tape and the roller to protect the base of the wells. Remove the second protective
paper cover from the spacer tape to expose its upper sticky surface. This
procedure generates a 27-well glass plate that is ready for loading and

subsequent sealing (Fig. 5). Place individual silanized coverslips in a row in close
proximity to the plate for fast and efficient sealing of wells as soon as loading is
complete. m CRITICAL Plates can be prepared in advance and stored for several
weeks at room temperature (20–23 1C) in a clean, sealed container.
Micromounts Attach micromounts with a suitable pin length to magnetic
crystal caps using a Super Glue or an Epoxy. The base of the cap must be clearly
labeled so the crystal can be identified later at the synchrotron. Before MiTeGen
Micromounts became available, nylon cryoloops (Hampton Research) were
used to harvest crystals. This was not easy, given the stiffness of the cubic phase
and the flexibility of the cryoloops. Oftentimes, a microprobe (Hampton
Research) or an acupuncture needle was used to work a crystal out to the surface
of the mesophase for more facile harvesting with the cryoloop. Micromounts
from MiTeGen are considerably more stiff and can be used to fish and to harvest,
although some of the fishing can be done with microtools.

PROCEDURE
Loading the lipid mixer ! TIMING 10 min
1| Remove the lipid, monoolein, from the freezer and allow it to adjust to room temperature.
m CRITICAL STEP Monoolein and other monoacylglycerol lipids are hygroscopic. Therefore, allow for full equilibration to room
temperature before opening the container.

2| Disconnect the needle and remove the Teflon ferrule from two 100-ml Hamilton gas-tight syringes.

3| Weigh both syringes with plungers in place.

4| Remove the plunger from one of the syringes.

5| With a fine-tipped spatula, work about 10–30 mg
(approximately 10–30 ml, density of monoolein at 20 1C is
0.942 g cm" 3, see ref. 34) of the waxy lipid (or lipid mixture;
see Boxes 4 and 5) into the open end of the syringe. Return
the plunger to the barrel and place the syringe in an oven at
about 37 1C to melt the lipid. Alternatively, the lipid can be
melted before loading into the syringe. In this case, a 20- or
200-ml pipette with a standard disposable tip is used to
remove 10–30 ml of the molten lipid and to place it in the
barrel of the syringe (plunger removed) from the plunger end.
Return the plunger to the barrel, at which point its Teflon tip
will make contact with the molten lipid. With the syringe held
vertically, barrel termination end up, move the plunger slowly
up the barrel along with the molten lipid; this will usually lead
to air locks and bubbles being removed from the lipid. Ideally,
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BOX 4 | PREPARING LIPID MIXTURES WITH MONOOLEIN AS THE HOST! TIMING 5–15 h
1. Weigh B100 mg of monoolein in a small amber glass vial with a Teflon-lined cap.
2. Add an appropriate amount of a second lipid (typically 10–20 mol% second lipid, 90–80 mol% monoolein) by weighing it on a small piece of
weighing paper or aluminum foil and transferring it to the vial.
m CRITICAL STEP Most lipids are hygroscopic and are prone to oxidation. Store stock lipids at " 20 1C. Do not open the sealed vial containing
the lipid until it has warmed to room temperature after taking it from the freezer. Minimize the time spent manipulating the lipids after
removing them from storage vials. As soon as possible, flush the vial with dry nitrogen or argon gas before closing and sealing with Parafilm for
storage at low temperature and in the dark.
3. Dissolve the monoolein and the second lipid in B500 ml of chloroform/methanol (2/1 by vol). Mix to create a homogenous solution.
4. Remove bulk organic solvent with a gentle stream of nitrogen gas and make a thin shell of the lipid on the bottom of the vial as it dries. Keep
the vial warm during solvent evaporation to facilitate the process. This can be done simply by holding the base of the vial between your fingers
while rotating it in the stream of nitrogen gas.
5. Remove the last traces of solvent by placing the open vial under vacuum (B50 mTorr) for a minimum of 4 h. It is preferable to do this
overnight.
6. Flush the vial with dry argon gas. Close the cap tightly and secure it with Parafilm. This lipid mixture can now be used in place of monoolein in
Step 5 of the main PROCEDURE.
’ PAUSE POINT Store for up to 1 year at " 20 or " 80 1C.
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Figure 6 | The lipid-mixing device. The coupled syringe mixer is shown
(a) disassembled and (b,c) assembled. In b, the mixer is shown loaded and
ready for mixing with lipid (white) in one syringe and protein solution (pink)
in the other. The homogenized, protein-loaded mesophase (light pink) in the
syringe on the right is shown in c.
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Mixing devices 

Coupler 

•  Li, D., Boland, C., Walsh, K., & Caffrey, M. J. Vis. Exp. 67: e4000. 2012. 
•  Li, D., Boland, C., Aragão, D., Walsh, K., & Caffrey, M. J. Vis. Exp. 67: e4001. 2012.  
•  Caffrey, M., Porter, C. J. Vis. Exp. 45: e1712. 2010. 
•  Caffrey, M., Cherezov, V. Nature Protocols. 4:706-731. 2009. 
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Sample	preparation	and	crystals	harvesting	
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Lipidic cubic phase bolus 

Harvest single crystal in one 
loop and do it many times 
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In	situ	method	for	delivering	the	sample	for	X-
ray	diffraction	
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•  Huang C.-Y., Olieric V., Ma P., Panepucci E., Diederichs K., Wang M. and Caffrey M. Acta Cryst. (2015). D71, 1238-1256. 
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In meso in situ crystallization plates (IMISX) 
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Open the glass plate with glass cutter and 
retrieve the IMISX well with blade 
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Huang C.-Y., Olieric V., Ma P., Panepucci E., Diederichs K., Wang M. and Caffrey M. Acta Cryst. (2015). D71, 1238-1256. 

How	to	harvest	the	crystals	from	the	IMISX	plate	
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How	to	harvest	the	crystals	from	the	IMISX	plate	
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IMISX	data	collection	at	cryogenic	temperature	

the crystals therein to facilitate crystal identification for
IMISXcryo at the beamline.

Step 2. Prepare a goniometer base modified to support the
IMISX well for storage and data collection at cryogenic

temperatures by assembling the
following items: a goniometer
base (SPINE standard) with an
18 mm SPINE standard pin,
a 5 ! 20 mm section of 50 mm
thick COC film, two 5 ! 2 mm
sections of double-stick tape, a
pointed object such as a
glass-cutting tool or a sharp
needle or pin, forceps and
scissors (Supplementary Fig. S1
and Supplementary Movie S2).
Remove the protective cover
from one side of a piece of
double-stick tape. Affix it, sticky
side down, to the bottom of the
COC film with the 5 mm edges
aligned. With the glass cutter,
needle or pin, make a small hole
in the middle of the COC film just
above the upper edge of the
double-stick tape. Insert the pin
of the goniometer base into the
hole to the extent of 20 mm from
the side without double-stick
tape. Remove the second protec-
tive cover from the double-stick
tape, fold the COC film up and
around the pin and press firmly to
tightly bond the two pieces of
COC film together and to secure
the pin between them. With
thumb and forefinger, bend the
COC film slightly (10–20"; Fig.
1b) around the long axis of the
goniometer pin with the concave
surface towards the short COC
flap. Remove the protective cover
from the second piece of double-
stick tape and affix it to the
bottom of the COC film on its
long flap. With sharp scissors, cut
away the long, untapped COC
film and trim the remaining
support symmetrically on either
side of the pin to an overall width
of 2 mm. Gently repeat the
bending process to reinforce the
slight curvature in the composite
COC-tape support. This gives a 2
! 2 mm square and slightly
curved support to which the
excised well can be attached (Fig.
1b). Step 2 takes about 3 min to
complete.

research papers

96 Huang et al. # In meso in situ serial X-ray crystallography Acta Cryst. (2016). D72, 93–112

Figure 1
Experimental setup for IMISXcryo data collection at 100 K and the steps involved in sample preparation.
(a) A view of an IMISX well on a goniometer with the crystal-laden mesophase bolus positioned in the
X-ray beam and in the cryostream at 100 K for SX data collection on beamline PXI (X06SA) at the SLS.
The yellow arrow indicates the direction of the X-ray beam. (b) Goniometer base with composite support
on the pin (left) ready for attachment of the IMISX well (bottom right). The insert (dashed square) is a
view from above of the goniometer base (left) to show the slight curvature in the attached composite
support. (c) IMISX well mounted on a goniometer base and seated on a moist paper towel. M, mesophase
bolus with crystals; P, precipitant solution; S, composite support. (d) As in (c) where the well has been
trimmed to fit into a cryo-vial and to provide access to the precipitant solution. (e) A cotton bud is used to
wick away most of the precipitant solution from around the mesophase bolus. A small amount of
precipitant is left in place to prevent callapse of the well. The mounted sample is snap-cooled in liquid
nitrogen and placed in a cryo-vial for transfer to a Dewar. ( f ) A view of the well (W) and support (S) in (e)
from above to show the slight curvature in the well that confers structural stability to the sample in the
cryostream.

 Data collection at 100K 

•  Huang C.-Y., Olieric V., Ma P., Howe N., Vogeley L., Liu X., Warshamanage R., Weinert T., Panepucci E., Kobilka B., Diederichs K., Wang M. and Caffrey 
M. Acta Cryst. (2016). D72, 93-112.  Broecker et al., 2018. Nature Protocol.13. 260.  
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Grid scan and spots evaluation 
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20 x 20 µm beamsize,  

50 x 50 grids,  

100 Hz 

Automated	data	collection	



Database	&	tracker	–	merging	statistics	

Page	12	

Feedback	to	data	processing	

ADP	and	ADM	

•  Wojdyla	et	al.,	J	Synchr.	Rad.	(2018)	25.	293-303.	

•  Basu	et	al.,	J	Synchr.	Rad.	(2018)	submitted.	



Successful	cases	from	macromolecular	
crystallography	beamlines	in	SLS	



Application	of	the	IMISX	on	enzyme	for	peptidoglycan	
biosynthesis,	first	de	novo	structure	solved	by	IMISX	method		
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(2018) Nat Commun 9: 1078, doi:10.1038/s41467-018-03477-5 

	

The enzyme involved in the processing of carrier  
lipids required for the synthesis of bacterial  
cell walls à important target for antibiotic design	
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Add HA-solution 

Phasing the 
structure 



• G protein–coupled receptors (GPCRs) 
• Thinner material. 
 

Continually	developing	thinner	material	for	
IMISX	plate	
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Conclusion	
IMISX,	IMISX-experimental	phasing	and	automated	data	collection			

• No crystal harvesting 
•  Ligand- and HA-soaking capabilities 
• Reduced background with thin material (COC, COP, SiN)  
•  Automated data collection at both room and cryogenic temperature 
• Real-time data processing/selection 
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