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SUMMARY:  25 
The goal of this protocol is to demonstrate how to prepare serial crystallography samples for data 26 
collection on a high viscous injector, Lipidico, recently commissioned at the Australian 27 
synchrotron. 28 
 29 
ABSTRACT:  30 
A facility for performing serial crystallography measurements has been developed at the 31 
Australian synchrotron. This facility incorporates a purpose built high viscous injector, Lipidico, 32 
as part of the macromolecular crystallography (MX2) beamline to measure large numbers of 33 
small crystals at room temperature. The goal of this technique is to enable crystals to be 34 
grown/transferred on glass syringes to be used directly in the injector for serial crystallography 35 
data collection. The advantages of this injector include a very rapid response to changes in the 36 
flow rate without interruption of the stream. Several limitations for this high viscosity injector 37 
(HVI) exist. There is a restriction on the allowed sample viscosities to >10 Pa.s. Stream stability 38 
can also potentially be an issue depending on the specific properties of the sample. A detailed 39 
protocol for how to set up samples and operate the injector for serial crystallography 40 
measurements at the Australian synchrotron is presented here. The method demonstrates 41 
preparation of the sample, including the transfer of lysozyme crystals into a high viscous media 42 
(silicone grease), and the operation of the injector for data collection at MX2.   43 
 44 
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INTRODUCTION:  45 
Serial crystallography (SX) is a technique that was developed initially in the context of X-ray Free 46 
Electron Lasers (XFELs)1-4. Though fixed target approaches can be used for SX5-7, typically, injector 47 
systems are employed to deliver crystals in a continuous stream to the X-ray beam. Because it 48 
combines data from a large number of crystals, SX avoids the need for any crystal alignment 49 
during the experiment, and enables data to be collected at room temperature8,9. With the aid of 50 
a suitable injector, the crystals are streamed one-by-one into the X-ray interaction area and the 51 
resulting diffraction data is collected on an area detector9,10. To date SX has been successful in 52 
solving a number of protein structures1,11-13 including crystals too small to measure using 53 
conventional crystallography. It has also provided new insights into time-resolved molecular 54 
dynamics by exploiting the femtosecond pulse duration of the XFEL. By initiating pump-probe 55 
reactions with optical laser sources, in-depth studies have been carried out on photosystem 56 
II14,15, photoactive yellow protein16,17, cytochrome C oxidase18,  as well as bacteriorhodopsin19-21. 57 
These studies have probed the electron transfer dynamics that occur following light activation 58 
demonstrating the significant potential of serial crystallography for understanding time-resolved 59 
biological processes. 60 
 61 
Development of serial crystallography is also becoming increasingly prevalent at synchrotron 62 
sources9,12,20,22-24. Synchrotron based SX allows for large numbers of individual crystals to be 63 
measured efficiently at room temperature using an appropriate injector system. This approach 64 
is suitable for smaller crystals hence, in addition to requiring a fast frame-rate detector to collect 65 
the data, a micro-focused beam is also required. Compared to conventional crystallography, SX 66 
does not involve the mounting and alignment of individual crystals in the X-ray beam. Because 67 
data from large number of individual crystals is merged, the radiation dose received by each 68 
crystal can be substantially reduced compared to conventional crystallography. Synchrotron SX 69 
can also be applied to the study of time-resolved reactions, even down to the millisecond regime, 70 
provided a detector with a sufficiently high frame rate is available (e.g., 100 Hz or more). Several 71 
serial crystallography experiments have been carried out at the synchrotron using injectors that 72 
were initially developed at XFEL sources20,22,23. The two most common types of injector are the  73 
Gas Dynamic Virtual Nozzle (GDVN)25 and High Viscous Injector (HVI)9,24,26-28. The GDVN is ideal 74 
for injecting low viscosity, liquid samples, but requires high flow rates to achieve stable streams, 75 
which in turn leads to high sample consumption rates. By contrast, HVI’s are suitable for high 76 
viscosity samples which allows generation of a stable stream at much lower flow rates, leading 77 
to much lower sample consumption. The HVI injector, therefore, favors delivery of samples 78 
where a viscous carrier is preferable (e.g., lipid-based for membrane proteins) and/or large 79 
quantities of sample are not available. SX injectors are generally challenging to use and require 80 
extensive training to operate. They also involve lengthy sample transfer protocols, as the sample 81 
needs to be loaded into a specialized reservoir, this generally has a high risk associated with it of 82 
sample being lost either in the ‘dead volume’ or via leakages in the connections. Therefore, it is 83 
desirable to optimize the injector design to mitigate any losses prior to the sample reaching the 84 
X-ray beam. 85 
 86 
Recently, the first SX results were published using Lipidico23, with a lysozyme target, and using 87 
an Eiger 16M detector. This injector design limits sample wastage by minimizing the number of 88 
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steps involved in going from initial crystallization to the transfer of crystals into the injector 89 
followed by the delivery of sample to the X-ray beam. This manuscript describes and 90 
demonstrates the sample transfer procedure starting from sample preparation, moving on to the 91 
injection process, and finally data collection, using the same crystallization vessel. The operation 92 
of the injector is also described. 93 
 94 
PROTOCOL:  95 
 96 
1. Preparation of crystals in a high viscous media using glass syringes 97 
 98 
1.1. Centrifuge the crystal solution gently (~1,000 x g, ~10 min at 22 °C) to form a soft crystal 99 
pellet and remove the excess buffer. This will result in a high concentration of crystals in the 100 
pellet which can be used for data collection. 101 
 102 
NOTE: To prevent dilution of the viscous media increase the crystal concentration at this step.  103 
Optimize the ratio of viscous media to crystal volume for each sample to obtain a high 104 
concentration of crystals whilst maintaining a high viscosity for the media. Centrifuge the crystal 105 
solution to form a pellet and remove excess buffer to increase the crystal concentration in the 106 
solution, as described in Darmanin et. al.29. 107 
 108 
1.2. Set up two 100 µL syringes with a coupler. 109 
 110 
1.3. Fasten the coupler to the end of the first syringe and add 28 µL of crystal solution to the top 111 
of the syringe. Slowly, insert the plunger into the top of the syringe and gently push the solution 112 
down to the end of the coupler tip, removing any air bubbles that form. Do this by following one 113 
of the two methods discussed below.  114 
 115 
NOTE: The volume of crystals to be added to the high viscous media can be varied if it does not 116 
significantly change the viscosity of the overall sample.  117 
 118 
1.3.1. First method: Use rapid pressure changes to burst the air bubbles. 119 
 120 
1.3.1.1. Carefully place one gloved finger on the top of the blunted coupler needle point and 121 
(very gently) apply pressure to create a seal. Do not apply too much pressure as this may result 122 
in a needle stick injury. 123 
 124 
1.3.1.2. Now pull the plunger back to draw the solution away from the needle point, this will 125 
generate a buildup of pressure in the syringe.  126 
 127 
1.3.1.3. Quickly release the pressure at the top of the syringe by removing the gloved finger from 128 
the blunted needle tip. Be careful, if the sample is too close to the tip when the finger is removed 129 
it may spray out resulting in loss of sample. The rapid change in pressure within the syringe will 130 
burst the air bubbles. Repeat until all bubbles have been removed.  131 
 132 
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1.3.2. Second method: Using the ‘human centrifuge’ to remove air bubbles. 133 
 134 
1.3.2.1. Place the syringe in one hand with the needle facing upwards and the plunger wedged 135 
between two fingers, so that it cannot move.  136 
 137 
1.3.2.2. Quickly rotate the arm holding the syringe in one direction 2–3 times, the resulting 138 
centrifugal force on the sample will force any air bubbles out of the syringe. Be careful, if done 139 
too slowly sample can be lost. 140 
 141 
1.3.2.3. Inspect the syringe for air bubbles, if bubbles remain, repeat steps 1.3.2.1 – 1.3.2.2 until 142 
all the air bubbles are removed. 143 
 144 
1.4. Using a fine spatula, add ~42 µL of high vacuum silicone grease directly to the top of the 145 
second syringe. Push the plunger all the way down to the end, removing all the air bubbles and 146 
ensuring that there is no air gap in the end of the syringe.  147 
 148 
NOTE: The precise composition of the silicone grease is not critical as it is acting as an inert carrier. 149 
A viscosity value of >10 Pa.s or ratio of approximately 60:40 silicone grease to crystal solution is 150 
optimal for injection, however, it is possible this may vary depending on the exact characteristics 151 
of the sample. Adjust the volume of crystal solution added to the silicone grease to optimize the 152 
crystal concentration in the mixture, as outlined in the discussion. High-viscous media other than 153 
silicone grease can be used as long as they are compatible with the sample30-33.  154 
 155 
1.5. Ensure there are no air bubbles in either of the two syringes and attach the syringes together 156 
using the coupler. Hold the syringes vertically by griping just the end of the syringe as warming 157 
up the syringe due to the heat generated from fingers can affect the sample.  158 
 159 
1.6. Mix the sample together by gently depressing the plunger on the crystal solution side so that 160 
it mixes into the silicone grease and then push the plunger on the silicone grease side, so that it 161 
pushes the sample back towards the crystal solution side. Gently, repeat this process 50 to 100 162 
times so that the sample is mixed thoroughly and looks homogeneous. 163 
 164 
NOTE: If the crystals are grown directly in highly viscous media (e.g., lipidic cubic phase, LCP), 165 
steps 1.1–1.6 are not required. Protocols for growing crystals within the syringes can be found in 166 
Liu et.al.34, 35. Follow this protocol up to sample consolidation, step 10, where all the sample is 167 
now contained in one syringe and the crystallization buffer is removed. The addition of 7.9MAG 168 
is not required for this protocol. Instead, remove all excess liquid from the syringe by gently 169 
pushing the plunger down in the sample until no more liquid remains in the syringe.  170 
 171 
1.7. Visualize the crystals under an optical microscope either through the syringe or, for best 172 
results, extract a small amount (~1 µL) on to a glass slide and place a cover slip on the top. 173 
  174 
1.8. Check crystal concentration. 175 
 176 



   

Page 4 of 11 
  revised November 2018 
 

1.8.1. Determine the crystal concentration in the silicone grease by counting the number of 177 
crystals in a specific area using the optical microscope images. For best results, a high density of 178 
crystals uniformly dispensed throughout the media is ideal (>106 crystals/mL) in order to obtain 179 
a high crystal-hit rate.  180 
 181 
1.8.2. Adjust the crystal concentration in the syringe by changing the ratio of crystals to viscous 182 
media in steps 1.3 and 1.4.   183 
 184 
1.8.2.1. To decrease the crystal concentration, dilute the crystals in the syringe by increasing the 185 
amount of silicone grease/HV media at step 1.4 or by diluting the crystal pellet in solution with 186 
the crystallization buffer prior to setting up the syringes in step 1.1. 187 
 188 
1.8.2.2. To increase the crystal concentration, decrease the amount of silicone grease in step 1.4 189 
but be mindful not to reduce the viscosity below 10 Pa.s. 190 
 191 
NOTE: The crystal concentration reported here was optimized for this specific sample and crystal 192 
size. However, the ideal crystal concentration will depend on the crystal size, beam size, the 193 
needle Internal Diameter (I.D.), and the incident X-ray flux. This can be determined from the hit 194 
rate with an optimal hit rate of ~30% considered as 'good'. In practice, the crystal concentration 195 
must be optimized for different samples during beam time to obtain the desired hit rate. Start 196 
with a high concentration of crystals, 109 crystals/mL. The procedure for adjusting the crystal 197 
concentration is given in Liu et.al.35.  198 
 199 
1.8.3. The protocol can be paused here until the injector is ready for data collection.  200 
 201 
1.8.3.1. If the crystals are grown in LCP, then seal sealed them and let them remain in syringes 202 
for up to a few days at room temperature.  203 
 204 
1.8.3.2. If the crystals have been transferred to a different high viscous media (e.g., silicone 205 
grease), then perform a stability test of the crystals over time should prior to the measurement. 206 
This will determine how long the crystals are stable in the inert media (ideally > 8 h) and the time 207 
limit for data collection. Here, lysozyme crystals were stable for days in silicone grease and did 208 
not show signs of dissolving when inspected using an optical microscope. 209 
 210 
1.9. Move all the sample into one syringe prior to disconnecting the coupler. Disconnect the 211 
coupler from the syringe and attach the injection needle. Screw the needle firmly into the base 212 
of the syringe and ensure that it is fastened tightly to prevent any leakages.  A 108 µm I.D. needle 213 
(needle length 13 mm, point style 3) was used for this experiment. Depending on the crystal size 214 
and the beam size attach either a 51 µm or 108 µm I.D. needle. 215 
 216 
NOTE: Pre-testing of the sample stream prior to beam time is required to be able to select the 217 
correct injector needle size. Depending on the sample characteristics (i.e., viscosity, charging, 218 
buffer composition) the samples will flow differently with different needle I.D. Therefore, it is 219 
recommended to test a variety of needle sizes to produce the most stable stream with the 220 
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smallest possible I.D. needle to maximize the signal-to-noise ratio during data collection. 221 
 222 
1.10. If the injector is already mounted and aligned on the beam line move to section 3 to mount 223 
the sample syringe directly onto the injector. 224 
 225 
NOTE: The protocol can be paused here. 226 
 227 
2. Injector mounting and control 228 
 229 
2.1. Mount the injector onto the beamline. Remove the cryogenic nozzle on the MX2 beamline 230 
and replaced with the injector. Loosen the clamping screw that holds the cryogenic nozzle and 231 
attach it to the bracket located next to the motorized stage.  232 
 233 
2.2. Lift the injector up from its trolley by holding the black handle and place it on the motorized 234 
stage.   235 
 236 
2.2.1. To fasten the injector to the motorized stage; hand tighten the black clamping screw knob.     237 
 238 
2.3. Mount an empty syringe onto the injector 239 
 240 
2.3.1. In the injector computer control interface (e.g., EPOS position control software), select 241 
Homing Mode under Tools in the software menu. Then select Negative Limit Switch, and Start 242 
Homing, let the software run until the screw is retracted sufficiently for the syringe to fit under 243 
the screw. If left to run unsupervised the limit switch stops the screw automatically. 244 
 245 
2.3.2. Mount an empty (‘dummy’) syringe onto the injector by inserting the needle through the 246 
slit in the syringe holder. Line up the syringe against the bracket. 247 
 248 
2.3.3. Fasten the syringe with two O-rings.  249 
 250 
2.3.3.1. Wrap the first O-ring across the mid-section of the syringe attaching it to the hooks on 251 
either side of the syringe. 252 
 253 
2.3.3.2.  Loop the second O-ring around the hooks on the upper section of the syringe and then 254 
put one part of the O-ring on the top of the glass syringe as shown in the demonstration (Figure 255 
1B).   256 
 257 
2.4. Align the injector to X-ray beam 258 
 259 
2.4.1. Move the motorized stage with the injector towards the X-ray interaction point via the 260 
beamline control software. This region of intersection can be visualized using an inline camera. 261 
The size and position of the beam is denoted by a red cross on the screen and the motorized 262 
stage can be moved to align the needle with the X-ray interaction region.  263 
 264 
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2.4.2. Adjust the x and y position of the stage to align the needle with the red cross.  265 
 266 
2.4.3. Adjust the z position until the needle tip comes into focus.   267 
 268 
2.4.4.  Verify alignment of the needle tip and X-ray beam visually by checking that the syringe tip 269 
meets the crosshairs which are visible in the optical microscope image generated by the beamline 270 
camera. 271 
 272 
2.4.5. Once the needle tip is aligned move the tip above the cross hairs ~100 µm. This prevents 273 
x-ray scatter from the needle tip. 274 
 275 
NOTE: Mounting and aligning the injector on the MX2 beamline at the synchrotron must be 276 
carried out by the beamline scientists and can be completed in less than 30 min. 277 
 278 
3. Mounting the sample syringe 279 
 280 
3.1. Replace the empty syringe with the sample syringe by following step 2.3. 281 
 282 
3.2. Place the injector cap on the sample syringe plunger head. 283 
 284 
3.3. Move the drive screw to the top of the cap. 285 
 286 
3.4.  In the injector control software select Velocity Mode.  287 
 288 
3.5. Input 3000 rpm (~115 nL/s) as the Setting Value and press Apply Setting Value. 289 
 290 
3.6. When the drive screw touches the cap on the syringe plunger head, stop the motor. 291 
 292 
3.6.1. Set the rpm value to zero in the injector control software by changing the Setting Value to 293 
‘0’ as the screw approaches the cap.  294 
 295 
3.6.2. Once contact is made, activate the preset value by pressing Apply Setting Value to stop 296 
the screw instantly.  297 
 298 
3.7. Gently wiggle the cap to make sure that it is firmly held in place. 299 
 300 
NOTE: Whenever a new set value is entered in the Setting Value box in the control software it is 301 
only activated after pressing Apply Setting Value.  302 
 303 
4. Running the injector 304 
 305 
4.1. After the cap drive screw has made firm contact with the top of the plunger change the rpm 306 
Setting Value to 100. This is equivalent to ~ 4 nL/s. 307 
 308 
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4.2.  Visually inspect the needle tip when the sample first comes out or look at the beamline 309 
camera image of the needle to observe when the sample starts to extrude from the needle tip.  310 
 311 
4.3. Perform a search of the hutch, close the hutch door, and turn on the X-ray beam. From this 312 
point the injector must be operated remotely from outside of the hutch. 313 
 314 
4.4. Tune the rpm until a stable stream is generated.  315 
 316 
4.4.1. Decrease the rpm Setting Value to 90.  317 
 318 
4.4.2. Repeat step 4.4.1, decreasing the rpm Setting Value in increments of 10, to slow down the 319 
stream but still maintain a stable stream. For silicone grease a value of 30 rpm was used.  320 
 321 
NOTE: The typical rpm range varies between 30 – 100 rpm (1 – 4 nL/s) depending on the sample 322 
characteristics and X-ray exposure time. In general, the rpm should be tuned to produce the 323 
slowest flow rate (to minimize sample consumption) whilst maintaining a stable stream.  324 
 325 
4.5. Managing a sample stream that does not flow well. 326 
 327 
4.5.1. Keep increasing the rpm Setting Value in increments of 10 until the stream gets straighter. 328 
If the stream does not stabilize, even after increasing the rpm Setting Value to the maximum 329 
value of 100 rpm try to improve the stability by implementing one of the two methods described 330 
below. 331 
 332 
4.5.1.1. First method: Insert a polystyrene sample catcher underneath the sample stream to help 333 
guide the sample. This method works well for highly charged sample streams. 334 
 335 
4.5.1.2. Second method: Insert a venturi suction funnel to the sample catcher. To supply air to 336 
the funnel, connect it to the air outlet tube located in the hutch.  This method can aid in directing 337 
and stabilizing the sample flow independent of the charge of the stream. 338 
 339 
4.6. Once a constant and steady stream is achieved, start data collection, and optimize the 340 
detector distance as per a normal X-ray crystallography experiment. 341 
 342 
NOTE: The rpm is converted to flow rate using the supplied conversion table in the 343 
Supplementary Information, ‘Lipidico Device Calculator’. Enter the rpm value, needle diameters, 344 
and syringe volumes to calculate the flow rate using this calculator.  345 
 346 
REPRESENTATIVE RESULTS:  347 
Lipidico is an HVI built as an alternative delivery system for use on MX2 (Figure 1). It is ideally 348 
suited for SX where crystals are either grown in lipidic cubic phase or transferred to a high viscous 349 
inert media. 350 
 351 
To demonstrate the injector application silicone grease mixed with lysozyme crystals was used 352 
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to collect SX data at the MX2 beamline at the Australian synchrotron. To mount the injector on 353 
the MX2 beamline the cryogenic nozzle is removed and replaced by the injector as shown in 354 
Figure 1. The syringe samples are mounted directly on the injector and fastened using O-rings 355 
(Figure 1B). Data collection can be initiated within minutes after a sample change. The injector is 356 
designed for the rapid sample control with a simple setup that is easy to operate for users who 357 
are unfamiliar with SX.  358 
 359 
[place Figure 1 here] 360 
 361 
The injector is compatible with various types of highly viscous carriers. The optimal sample 362 
running speed for the injector is crucial for the stream stability, too slow will cause a curling 363 
effect/stream expansion and too fast will result in the stream breakup. The optimal speed will 364 
vary depending on the carrier system used. Figure 2 and Figure 3 show silicone grease tested at 365 
different injector speeds and demonstrates how the stream behavior can vary. A slow flow rate 366 
(Figure 2A, 2.3 nL/s) results in expansion of the silicone grease extruding from the injector while 367 
a faster flow rate (Figure 2C, 6.6 nL/s) produces a thinner stream. Curling of the viscous media 368 
stream has regularly been observed (Figure 3A). To overcome this issue two innovative solutions 369 
were tested: a polystyrene catcher and a venturi suction funnel below the needle. The 370 
polystyrene catcher introduces a weak electrostatic force and worked best on highly charged 371 
samples, as in the case of silicone grease (Figure 3B), while the venturi suction funnel aids in 372 
guiding the stream vertically downwards to the catcher, independent of sample charging. 373 
Depending on the characteristics of the sample either option can be used successfully.  374 
 375 
[place Figure 2 and 3 here] 376 
 377 
A glass syringe containing 26 µL of lysozyme crystals (crystal size 10 µm x 10 µm x 20 µm) 378 
suspended in silicone grease was used (Figure 4A). Lipidico generated a constant sample stream, 379 
using the 108 µm needle I.D., with an average flow rate of 1.14 nL/s (with the motor set to 30 380 
rpm). A peak finding algorithm36 was used to assess the hit rate and a sufficient amount of data 381 
(total of 224,200 images) was collected within 38 min of data collection time, enabling structure 382 
retrieval (PDB code 6MQV). Table 1 provides a summary of the data collection statistics and 383 
Figure 4B shows a representative image of the electron density map surrounding one of the di-384 
sulfide bonds in the lysozyme structure20. 385 
 386 
[Place Figure 4 here] 387 
 388 
[Place Table 1 here] 389 
 390 
FIGURE AND TABLE LEGENDS:  391 
 392 
Figure 1: Images of Lipidico, a viscous injector used at the Australian synchrotron for SX 393 
experiments. (A) Shows a photo of Lipidico incorporated into MX2. The red arrow indicates the 394 
direction of the X-ray beam. (B) A closer view of the sample holder region on Lipidico. The syringe 395 
is held in place by two O-rings and the sample is collected in the catcher. (D) A close-up view of 396 
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the sample stream showing the injector needle and the sample waste catcher which can be 397 
altered to incorporate a polystyrene/venturi suction catcher seen under the needle in (A). The 398 
figure has been adapted from Berntsen et. al. 201923 with the permission of  AIP Publishing.  399 
 400 
Figure 2: The effect of a high viscous carrier stream using different injector speeds. 100% 401 
silicone grease was tested at different sample velocities to assess its flow characteristics.  (A). 2.3 402 
nL/s (30 rpm), (B) 3.5 nl/s (90 rpm) and (C) 6.6 n/s (170 rpm).  403 
 404 
Figure 3: Stream behavior of 100% silicone grease demonstrating curling of the viscous media. 405 
(A) Curling effect at 2.3 nl/s (30 rpm) (B) The effect of adding the polystyrene catcher to the 406 
sample waste holder with the injector speed operating at 2.3 nL/s (30 rpm). 407 
 408 
Figure 4: Lysozyme images. (A) Optical images of the lysozyme crystals in silicone grease. A cross 409 
polarized (40x magnification) image of lysozyme crystals mixed with a high viscous media, silicone 410 
grease, imaged using a visible light microscope. The size of the crystals range between 15 and 20 411 
µm and (B) A representative image of the electron density map (2Fo-Fc, 1σ) surrounding the 412 
disulfide bonds of lysozyme. The figure has been adapted from Berntsen et. al. 201923 with the 413 
permission of AIP Publishing. 414 
 415 
Table 1: Summary table showing SX data statistics from Lipidico. Lysozyme crystals were mixed 416 
with a high viscous media, silicone grease, and streamed through the X-ray interaction region of 417 
the MX2 beamline. This is a summary of the complete table of results published in Berntsen et. 418 
al. 23 . The table is adapted here with the permission of AIP Publishing.   419 
 420 
DISCUSSION: 421 
An alternative HVI has been developed, ideal for carrying out SX experiments at synchrotron 422 
sources. It has two key advantages over existing HVIs. First, it is easy to install on the beamline 423 
allowing rapid switching between conventional crystallography and SX, just ~30 minutes is 424 
required for instalment and alignment on MX2. Second, the sample syringes used to grow crystals 425 
can be directly used as the reservoirs for injection, limiting wastage during sample transfer. The 426 
protocol for changing samples has been described and demonstrated. The design eliminates the 427 
need for a complicated gas stream to control the jet compared to other HVIs. A simple process 428 
for changing the flow rate of the injector was demonstrated which can be adjusted without a 429 
delayed response.  430 
 431 
The most crucial steps for successful SX data collection are optimizing the crystal concentration, 432 
obtaining a homogeneous mixture of high viscous media, and producing a stable stream for data 433 
collection. The optimal crystal concentration and homogeneity can be achieved by centrifuging 434 
the crystals down to a pellet and adding a higher concentration of crystals to the carrier media, 435 
ensuring that the sample is thoroughly mixed in the coupler system. Once the crystal 436 
concentration is optimized, the injector flow rate can easily be adjusted during beamtime to 437 
obtain a stable stream. Curling of the viscous stream is commonly observed with high viscous 438 
samples. Two solutions are presented: use of a polystyrene sample catcher for charged samples 439 
or the addition of a venturi suction funnel acting as a catcher. This has been successful in 440 
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controlling the stream in the initial tests, but under different sample conditions curling of the 441 
stream may result in sticking of the sample to the needle point. It is possible that this could be 442 
overcome by changing the surface charge properties of the needle by adding special coatings. 443 
Needles coated with different chemicals (i.e. silicone) have previously been successfully adapted 444 
for use with liquid handling robots and can be custom ordered from manufactures to suit the 445 
syringe37.  446 
 447 
The injector is not limited to silicone grease and can be used with other highly viscous liquids. 448 
Several different alternatives have been demonstrated23 which can be successfully used for 449 
crystal injection and are described in a number of other publications22,30,33. The upper limit on 450 
sample viscosity using this HVI is still under investigation, however sample viscosities of up to 25 451 
Pa.s (using 100 % silicone grease) have resulted in a stable stream.  However, when the sample 452 
viscosity was reduced to <10 Pa.s (using 70 % silicone grease sample) a reliable stream could not 453 
be produced. Hence, 10 Pa.s represents the current lower limit on the sample viscosity for 454 
injection using this HVI. The needle I.D. is also an important consideration. Although 51 µm I.D. 455 
was successfully tested whilst injecting various carriers without any crystals, the introduction of 456 
crystals disrupts the sample flow. Hence, with crystals introduced into the matrix, there is a much 457 
higher likelihood of blockage when using the 51 µm I.D. needle compared to the larger needle 458 
size. When a blockage occurs a critical buildup of pressure can occur, in other injectors this could 459 
result in syringe breakage. However, the design of this HVI includes a safety mechanism where 460 
the drive mechanics will pull away from the syringe plunger if the pressure becomes too high 461 
until a deactivation switch is enabled. This results in the drive being stopped and prevents the 462 
glass syringe from rupturing. 463 
 464 
Several limitations for this injector exist. The injector is specifically designed for highly viscous 465 
samples, therefore, liquid like samples cannot be used directly for sample delivery. To overcome 466 
this limitation, crystals grown in buffer systems can be mixed with a suitable inert media as 467 
described in step 1, however, there is a possibility the crystal may become unstable. Therefore, 468 
screening of a variety of inert media26-29 should be investigated first to ensure sample stability is 469 
maintained. Secondly, the size of the crystal and quality of crystal packing will affect the 470 
diffraction quality. The MX2 beamline operates at an optimal beam size of 22 x 12 µm (H x W) 471 
and flux ~1012 photon/s. The optimal crystal size to carry out SX at MX2 is ~10 µm and has been 472 
shown to yield a high signal-to-noise ratio. However, it is possible to collect data on smaller sized 473 
crystals if they are well ordered and diffract to high-resolution. There is an option to slit down 474 
the beam size at this beam line to ~7.5 µm, however, this comes at a cost since it reduces the 475 
incident flux which needs to be considered during the experiment.  476 
 477 
The development of this injector makes SX easily accessible to mainstream crystallographers. The 478 
successful operation of Lipidico, opens the door to a fast and easy method for SX data collection 479 
at a wide variety of synchrotron sources. It enables room temperature data collection on crystals 480 
which are 10 µm or less at MX2, limiting radiation damage effects for individual crystals. It also 481 
provides a new opportunity in Australia to carry out millisecond time resolved SX which is the 482 
current state-of-the-art for crystallographers. Future applications of this injector system extend 483 
to X-ray characterization of highly viscous materials using Small Angle X-ray Scattering (SAXS) 484 
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allowing the injector to be readily adapted to other beamlines at the Australian Synchrotron. 485 
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Data statistics Lipidico, MX2 beamline

Detector, Dectris EIGER X 16M, 

frame rate 100Hz

Sample-detector distance (mm) 300

X-ray energy (KeV) 13

Beam size (WxH) (µm) 12x22

No. of frames 224200

Hit rate 2.95

No. of indexed frames 4852

Resolution (Å) 17.74-1.83

Completeness 99.44

Space group P43212

Unit cell

a, b, c (Å) 78.68, 78.68, 34.48

a, b, g (°) 90, 90, 90

I/σ(I) 5.08

Redundancy 73.97

CC1/2 0.96

Rwork/Rfree (%) 18.7/26.3
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Name of Material/Equipment Company Catalog Number

Hen eggwhite lysozyme Sigma-Aldrich L6876

High vacuum silicon grease Dow Corning Z273554-1EA

Injector needle (108 µm  ID) Hamilton part No: 7803-05

Glass gas-tight syringes, 100 µl Hamilton part no: 7656-01

LCP syringe coupler Formulatrix 209526

Lipidico injector La Trobe 

Univerity/ANSTO
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Comments/Description

Used to grow crystals for testing the injector and the crystals 

are transferred into silicon grease. 

https://www.sigmaaldrich.com/
Used for testing of injector. https://www.sigmaaldrich.com/ 

www.hamiltoncompany.com

Syringes used for sample injection. www.hamiltoncompany.com

Syringe coupler to mix the samples

This is a specific piece of equipment that can be accessed 

through La Trobe University / ANSTO Australian Synchrotron 

Facility
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Hamilton syringe bore size 1.46 mm

device/syringe dead volume 4.5 µL

needle bore diameter 110 µm reference figures

needle outside diameter 210 µm

lipid volume in syringe 26 µL critical input figures

lipid stream diameter 110 µm

resultant figures

volume flow rate target 8.0 nL/s

required motor speed 209 rpm

lipid stream velocity 842 µm/s

0 hours

45 minutes

lipid stream velocity target 5000 µm/s

required motor speed 1239 rpm

lipid volume flow rate 47.5 nL/s

0 hours

8 minutes

motor speed input 1000 rpm

lipid volume flow rate 38.4 nL/s

lipid stream velocity 4036 µm/s

0 hours

9 minutes

Graph showinig motor speed v's flow rate

LIPIDICO DEVICE CALCULATOR: lipid speed, volume flow rate, motor speed
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