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Introduc*on	  
•  X-‐rays	  
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Introduc*on	  
•  Currently	  common	  used	  microscopes	  
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Light	  microscopy	  
(LM)	  

Electron	  microscopy	  
(EM)	  



Introduc*on	  
•  X-‐ray	  microscopy	  at	  P11	  beamline,	  PETRA	  III	  
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Introduc*on	  
•  Main	  ideas	  
Radia%on	  sources	  
-‐  Visible	  light	  (LM)	  
-‐  Electron	  beam	  (EM)	  
-‐  X-‐rays	  (XRM)	  
Condenser	  Lenses	  
-‐  Op*c	  lens	  (LM)	  
-‐  Electromagne*c	  lens	  (EM)	  
-‐  Zone	  plate	  lens	  (XRM)	  
Sample	  
	  
Objec%ve	  Lenses	  
	  
Detector	  
-‐  Charge	  coupled	  device	  (CCD)	  
	  
	  

Transmission	  mode	  
Radia*on	  
direc*on	  
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Objec*ves	  

•  Biological	  sample	  prepara*on	  for	  room	  
temperature	  x-‐ray	  microscopy	  
– The	  sample	  quality	  control	  without	  the	  need	  of	  an	  
x-‐ray	  microscope	  

– Correla*on	  between	  x-‐ray	  and	  electron	  
microscopy	  
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Sample	  Prepara*on	  
•  Human	  foreskin	  fibroblast	  (HFF)	  
– Cell	  culture	  in	  Dulbecco's	  Modified	  Eagles	  Medium	  
at	  37oC	  and	  5%	  CO2	  
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Sample	  Prepara*on	  
•  Human	  foreskin	  fibroblast	  (HFF)	  
– Cell	  growth	  on	  silicon	  nitride	  (Si3N4)	  membrane	  
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Sample	  Prepara*on	  
•  Human	  foreskin	  fibroblast	  (HFF)	  
– Cell	  growth	  on	  silicon	  nitride	  (Si3N4)	  membrane	  
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Sample	  Prepara*on	  
•  XRM	  sample	  prepara*on	  based	  on	  EM	  methods	  

	  Fixa%on	  
•  To	  Inac*vate	  all	  cellular	  ac*vi*es	  with	  paraformaldehyde	  and	  
glutaraldehyde	  solu*on	  

	  Staining	  with	  heavy	  metal	  salts	  
•  To	  improve	  absorp*vity	  and	  scacering	  for	  a	  good	  contrast	  
image	  with	  osmium	  tetraoxide	  

	  Dehydra%on	  
•  To	  remove	  all	  water	  in	  a	  cell	  with	  series	  of	  ethanol	  and	  freon	  
113	  solu*on	  

-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐check	  with	  SEM-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
	  Resin	  embedding	  &	  sec%oning	  	  (only	  in	  TEM)	  
•  To	  prepare	  corresponding	  TEM	  images	  to	  XRM	  samples	  
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XRM	  	  
Sample	  

Evalua-‐	  
*on	  
in	  

TEM	  



Sample	  Prepara*on	  
•  Resin	  embedding	  
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Incubate in 
oven at 50 oC 

at least 24 
hours 

 

Sample	  Prepara*on	  
•  Resin	  embedding	  
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(4) 

(5) 
(6) 

(7) Liquid	  nitrogen	  



Sample	  Prepara*on	  
•  Sec*oning	  

13	  

cells	  

capsule	  

(8) (9) 

sample	  

diamond	  knife	  



Results	  
•  Cell	  images	  
– Fluorescence	  light	  microscopy	  
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Nile	  Red	  channel	   DAPI	  channel	  



Results	  
•  Cell	  images	  
– Scanning	  electron	  microscope	  (SEM)	  
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Results	  
•  Resin	  embedding	  problems	  
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cells	  

capsule	  with	  resin	  
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Conclusions	  

•  The	  resin	  capsular	  embedding	  method	  has	  
been	  adapted	  for	  Si3N4	  membranes.	  

•  The	  sample	  of	  XRM	  can	  be	  evaluated	  along	  
with	  EM	  by	  developed	  procedure.	  
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Outlooks	  

Possibility	  in	  …	  	  
•  Cryogenic	  fixa*on	  
– Cell	  inac*va*on	  at	  liquid	  nitrogen	  temperature	  

•  Freeze-‐drying	  dehydra*on*	  
– Cellular	   water	   sublima*on	   in	   cryogenic	   and	  
vacuum	  condi*ons	  
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*	  Must	  operate	  along	  with	  cryogenic	  fixa*on	  



Thank	  you	  for	  your	  kind	  
acen*on	  
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X-‐ray	  tomography	  
	  A	  not-‐yet-‐separated	  mother–daughter	  yeast	  cell	  

pair	  is	  inspected	  in	  soi	  x-‐ray	  microscope.	  
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Sakdinawat,	  A.;	  Acwood,	  D.	  Nature	  Photonics.	  2010,	  4,	  840-‐848.	  



X-‐ray	  tomography	  
•  3D	  structure	  study:	  x-‐ray	  tomography	  
	  A	  not-‐yet-‐separated	  mother–daughter	  yeast	  cell	  

pair	  is	  inspected	  in	  soi	  x-‐ray	  microscope.	  
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Sakdinawat,	  A.;	  Acwood,	  D.	  Nature	  Photonics.	  2010,	  4,	  840-‐848.	  
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Water	  window	  
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Note	  
	  
Soi	  x-‐rays	  



Phase	  contrast	  light	  microscope	  
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Glutaraldehyde	  
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Paraformaldehyde	  



Compara*ve	  informa*on	  
•  Given	  by	  LM,	  TEM	  and	  XRM	  
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LM	   TEM	   XRM	  

Unstained	  samples	   common	   difficult	   possible	  

Sample	  thickness	   medium	   low	   high	  	  
Living	  sample	   possible	   impossible	   possible	  
Resolu*on	   150	  nm	   <	  0.1	  nm	   Up	  to	  10	  nm	  
Radia*on	  damage	   less	  harmful	   serious	   violent	  

Focal	  depth	   medium	   low	   high	  


