1.8
October 2012

Structure and Dynamics of Biological Systems

Research Team: James E. Evans, Daniel E. Perea, Xiao-Ying Yu, & Zihua Zhu
Key Collaborators: Nigel Browning, Matt Marshall, Galya Orr, Tom Squier, & Theva Thevuthasan (PNNL)

Purpose Research Design
Integrate five emerging technologies to permit
multimodal and multiscale spatial, temporal,
and chemical analysis of biofilm organization, -
cellular nanotoxicology and enzymatic energy S
transduction. JE - 1l
N=‘lm h‘\!-.llill
*N_ 5 Ill" N
Expected Outcomes s Schematic of pump-probe experimental 1
. . | regime 1or acquiring movies wi -
1. Coherent X-ra y Diffraction @ LCLS - 2" generation Dynamic TEM Dynamic TEM fjl;f?:;)cfigrfsfrf)?rr\]ear%r-llgxrr:?c{ocrystaI fj?ffergt:etlrc))ns ?rcf)srncgh?;e-ger;ta):]c;ac?ystal dll?flf?:étlolzrl\r?:oerxear goge;reor;;:;rsglstal
' - - Spatial Resolution (nm)
Femtosecona dllffract and-destroy methods for R - _ : __Spatia Rasob _ _ _ __
atomic resolution structure determination; 0.00001
. . . 0.0001 Coherent X-ray Diffraction @ LCLS
observe dynamics using a pump-probe regime. [ 0001
2. Dynamic TEM - Assess diffract-and-destroy i
compatibility with micro- and nanosecond e o
single-shot electron pulses. Acquire real-time Xaiks APTOf(111) | Bl 2" Generation Dynamic TEM
: ¥, interatomic o
movies. e % planes across § 11000000000 Super-Resolution Fluorescence
PR, a Ge/Si s Nano-SIMS i f
3. Atom_ Probe Tomography - Reconstruct 3-D " *'a.’e'.?:c Hetorointerface 1000000 . — SR & situ SIMS O datribation
protein crystal structure. Extend APT to more
complicated biomaterials in embedded or cryo- | ety microchanne
state. ") Z:Lilftgi ?c?rry I(_Lef’g A?s?fmblyf of the
. = IqUIa INterrace 10r /n
4. In situ TEM/SEM/ToF-SIMS — Develop flow . iological APT situ SEM/ToF-SIMS,
cells for cross-platform use; Improve in situ . embedded i W irstin s (Right) ToF-SIMS
TEM spatial resolution; probe chemical protein crystals protein maging o iquid
. : w L K : complexes in surface (10x10 um*)
changes at biofilm/substrate interface. et ameliciges | |- | liquid
5. Nano-SIMs - RObPSt analyls.ls of b!OIOQ'_CaI Combine microsecond dynamic transmission electron microscopy with femtosecond coherent x-ray diffractive imaging, in situ
Sysltems, Cryogenic capability for imaging and cryogenic secondary ion mass spectrometry and atom probe tomography to interrogate the structure and dynamics of
I%F/itégqggly preserved samples. biological systems.




