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Fig. 1 (Color online) Schematic of PCXSS experiment for live
cells.

(a) Microliquid enclosure array (MLEA)

Living
cell

5 um

One hour after MLEA is
placed in vacuum

Immediately after
cells are enclosed in MLEA

Fig. 2 (Color online) (a) MLEA chip and (b,c) fluorescent
microscopy experiment to confirm that MLEA chips can
keep live M. lacticum cells long enough time to perform
PCXSS measurement.
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(b) Saline solution in MLEA chip at focal plane
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Fig. 3 (Color online) (a) Background scattering pattern when
nothing was placed in the focal plane. (b) Background scat-
tering pattern when saline solution in a MLEA chip was
placed in the focal plane. The experiment shows that the win-
dow frame of each enclosure of MLEA chips acts as a guard
slit and helps reduce background scattering.
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(a) Single-shot XFEL coherent diffraction pattern of

live M. lacticum cell
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(b) Cylinder model (b) Capsule model

Fig. 4 (Color online) (a) Experimental single-shot XFEL coherent
diffraction pattern of a live M. lacticum cell. (b, ¢) Numeri-
cal simulation of coherent diffraction patterns: (b) a cylin-

der model and (c) capsule model.

UV P X BRI SX — VBl R 2 b — a Ik D
95 &, Fig. 4(b), (6) ISR ki, MAERIC, 175
FICIES A FE@AE b N5, i, 3 RoHEZEHICE
WSROV FEREZD LRI NE, TOTEHIL
BRI IR/ Th 5B, FBE, WEIRILc b OMIER
AT EVIROPRITH L TEEY R 2V —v 5 VEATD

L, WL T —2 EHBIL 2o —L v+ X #EPS
2—UhEON5S, b L X BRHFEEICEBOR 15
HEEICHE, TERIEEBOTICIES S C LR THRIN
%, LDFEZ LY, Fig.4@ITRdab—L v F XFREHT
INR =2/ 1 VED M. lacticum SRFZIC B2k 9 5 Z & A3k <
RSN 5,

=561Z, Fig. 4@ x4 ab—L vk XFRREPT/ 2 —v
DOFEMOEBHE (YU T 0 —) HMEWT &, 3k
DWNFRES & B3B3 5 C EPEEY R 2 U —V 5
VICk s TR ant, Fig.5 1Rt koI, —HEREE
OFEP O —1 v b X R/ 2 —130E1E100%
DAL A 5.2 5755, FIREOHRIZ & 0B O & WFIRRO
s 861218, BHEAKIBICEN TS & oD
DTz,

LREOEMEY I 2 V—v 5 Vi, RSS2 T
WTNRG A= SINLBEICIEY V7Y gy Fab—
Vv b XET S 2= n, @S 3koet T Y
VITCELUREM DD B LIRS B,

(a) Line profile of single-shot XFEL coherent diffraction pattern
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(b) Model calculations
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Fig. 5 (Color online) (a) Line profile along the strong fringe of the
experimental single-shot XFEL coherent diffraction pattern
shown in Fig. 4 (a). (b) Calculated line profiles along the
fringes of coherent diffraction patterns using single cylinder
and two-cylinder models. The low visibility of the fringe in
the experimental data was reproduced by considering inter-

nal structure in a cylinder.
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Fig. 6 (Color online) (a) Image of a live M. lacticum cell recon-
structed from the experimental single-shot XFEL coherent
diffraction pattern shown in Fig. 4 (a). (b) TEM image of a
thin-sectioned M. lacticum cell stained with heavy metals.
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ples.

Abstract We succeeded in taking a snapshot image of a living cell at the nano level before suffering from
radiation damage by using coherent X-rays with sub-10 fs pulse duration available at X-ray free-
electron laser facility, SACLA. In the experiment, we employed the pulsed coherent x-ray solution
scattering (PCXSS) method, a form of coherent X-ray imaging, developed by our group. A unique
feature of the PCXSS method is to keep solution sample with controlled environment in micro-lig-
uid enclosure array (MLEA) chips we developed. The cell image reconstructed from a coherent
diffraction pattern recorded with a single-shot XFEL quantitatively reveals the internal structures,
e.g. high image intensity structure indicative of dense DNA. The PCXSS method can also be effec-
tively applied to nano-level imaging of materials functional in solution as well as biological sam-
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