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Structural Biology

Understanding of cellular mechanisms
from enzymology to macromolecular machines
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Main method of macromolecular structure studies:
X-ray Crystallography
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Crystals of Biological
Macromolecules




KpuoTaAAol

Eival yia aon TnG oTEPEAC KATAOTAONG OTNV OTToId

Ta POpIa (f} ATopa) TTOU ATTOTEAOUV TOV KPUOTAAAO €ival
TTEPIOOIKA OIEVBETNUEVA OTOV TPITDIACTATO XWPO.

H 1TepIOBIKN AUTH £TTavAANWN ETTITUYXAVETAI HECW TNG
ATTARG METABEONG (DNAQDI ATTAN PETAKIVNON XWPIG
TTEPIOTPOPN) EVOG ETTAVAAQMBAvVOUEVOU [OTIBou.

KaBe TepIodIkN OIEVOETNON OEV £ival KPUOTAAAOC
(T1.X. uypoi KpuaTaAAol, doun Tou DNA).




NMwc kpuoTaAA®vovTal Ol NPWTEIVEG

2.UVNOWC ue NEYAAN
OUOKOAIQ!

['10 OIOAUTEC TTPWTEIVEC:
AiGAuon kal kaBulnon

(dissolve and then
precipitate)

Kpioipyec Trapauetpol: pH,
lonic strength, precipitant

2.UvNOwWG KpUoTAAAWON o€
MIKPEC OTAYOVEG

screens + robots



Crystallization robot

Douglas Instruments
OryxNano R

* Minimal amount of sample
used

« Accurate and reproducible
pipetting
» Quicker experiments




KpuoTtaAAwon MpwTeivoov

siliconized glass coverslip

| lZ\,l\l-— groash

[~ suspended drop of protein
diffusion of water solution (protein andwell
from drop to well solution mixed in a 1:1 ratio)

——+— well solution (at twice the
concentration of the same
L 15cm i solution in the hanging drop)

Well Setup for Crystal Growth by
the Vapor Diffusion Method




Protein crystallisation & phase diagrams
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protein concentration

(A) Crystals of wild-type bovine B crystallin.
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(B) A schematic phase diagram showing the solubility of a protein in solution as a
function of the concentration of the precipitant present.

Protein crystallization and phase diagrams
Neer Asherie, Methods 34 (2004) 266—-272
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Protein Polycrystalline Samples

100 x magnification




Protein Polycrystalline Samples
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Protein Concentratio N

Crystallization
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Protein Crystals

“‘NPH remains a popular basal insulin
in type 2 diabetes mellitus (T2DM).”
Lucidi et al., 2015

“Small rod shaped microcrystals less
than 20pum x 5uym x 5um in size”
Norrman et al. 2007

“The pharmacokinetics of NPH vary
considerably due to the formulation of
NPH insulin per se and/or lack of
lappropriate  resuspension  before
injection.” Lucidi et al., 2015

“Direct characterization: quality
control and regulatory reasons.
Extraction of information towards
improvement of the existing
formulations.” Norrman et al. 2007


http://www.ruppweb.org/
http://www.doitpoms.ac.uk/
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Intensity
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https://www.esrf.eu/UsersAndScience/Publications/Highlights/2006

X-ray scattering / diffraction

——

Bragg’s Law: nA = 2d sin@

—t—

n a positive integer
A is the wavelength of the
Incident X-rays,

- N}\ R + dis the interplanar
\ =y I 2l i Zﬁzcmg of the crystal
\ e T o |
¥ W " * Bis the angle of
.~ \ 06 y v } incidence.
—&—9 AN
VAVAV
N/ )
AR Y -




X-ray diffraction

Single Crystal (SCXD) & Powder (XRPD)

SCXD

 Very small amount of molecule
required

« Easy data handling/data
processing

 Can be very difficult to grow
large enough single crystals of
some molecules

XRPD

* Polycrystalline powder can
often be obtained when a good
single crystal cannot

*Study of sub-micron or twinned
samples

« Complexed systems have

hundreds diffraction peaks which ™ i

are usually highly overlapped-
loss of information!
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Basso et al.,2005, Acta Cryst. D61, 1612-1625.



X-ray diffraction
>ingle Crystal (SCXD) & Powder (XRPD)
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https://www.diamond.ac.uk/industry/Industry-News/Latest-News/Synchrotron-Industry-News-Powder-Diffraction.html
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A case study of a virus protein domain

576 Z. Kristallogr. 225 (2010) 576-580 / DOI 10.1524/zkri.2010.1348
) by Oldenbourg Wissenschaftsverlag, Miinchen

Preliminary insights into the non structural protein 3 macro domain
of the Mayaro virus by powder diffraction
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Structural virology / Powder diffraction / Mayaro virus / virus is responsible for a dengue-like acute febrile illness
Non structural protein in tropical South America where it is endemically enzootic

[9, 10]. The main vector is the Haemagogus mosquito.
Abstract. We present preliminary structural results of Recent demographic changes in South America as well as
the non-structural protein 3 (nsP3) macro domain from the the possibility of transmission and infection of humans via



 Mayaro virus disease: an emerging
mosquito-borne zoonosis in tropical
South America.

Clin Infect Dis. 1999 Jan;28(1):67-73




“Sea Urchin” crystals of MAYV

AFMB: Nicolas Papageorgiou, Bruno Canard, UPAT: Elena Kotsiliti, Alexandros Valmas
Bruno Coutard & Violaine Lantez



Data collected at ID11- ESRF
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le urchin measurements
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Preliminary results after MR and RB

P3,, a = 61.603(3) A, c = 94.619(5) A
2 molecules/ asu, 58% solvent content

Preliminary insights into the non structural protein 3 macro domain
of the Mayaro virus by powder diffraction.
Z. Kristallogr. 225 (2010) 576-580 (EPDIC12 proceedings - Invited)

Nicolas Papageorgiou, Yves Watier, Lucy Saunders, Bruno Coutard , Violaine Lantez, Ernest A. Gould,
Andrew N. Fitch, Jonathan P. Wright, Bruno Canard & Irene Margiolaki



A case study of protein crystals grown
“in cell”

Rapid screening of in cellulo grown protein crystals via a
small-angle X-ray scattering/X-ray powder diffraction
synergistic approach

Janine Mia Lahey-Rudolph, Robert Schonherr, Cy M. Jeffries, Clément E.
Blanchet, Juliane Boger, Ana Sofia Ferreira Ramos, Winnie Maria Riekehr,
Dimitris-Panagiotis Triandafillidis, Alexandros Valmas, Irene Margiolaki,
Dmitri Svergun and Lars Redecke

Journal of
APPLIED CRYSTALLOGRAPHY

ISSN 16005767 Volume 53 Part 5 1| October 2020

J. Appl. Cryst. (2020). 53, 1169-1180

i IUCr Journals | Wiley
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Figure 7

The unit-cell parameters of intracellular crystals do not depend on the insect cell line used for protein crystallization. Differential interference contrast
light microscopy of intracellular CatB (a), (b) and HEX-1 (d), (e) crystals grown in S9 insect cells shows a highly comparable morphology compared with
the growth in High Five cells. Red arrowheads highlight selected intracellular crystals. Corresponding X-ray scattering data show identical positions of
the Bragg diffraction peaks in both cell lines for either CatB (SASBDB: SASDHY96, SASDHS6) (c) or HEX-1 (SASBDB: SASDHB6, SASDHAG®G) (f),
indicating identical unit-cell parameters independent of the cell line used for crystal growth. The peak intensity is reduced in Sf9 cells owing to the
observable drop in the crystallization efficiency. The standard deviation of each data point is presented as grey bars.

1178  Jjanine Mia Lahey-Rudolph et al. - Screening of in cellulo grown protein crystals J. Appl. Cryst. (2020). 53, 1169-1180



A very nice website regarding protein
crystallization

https://xray.teresebergfors.com/



Resources

https://xray.teresebergfors.com/

https://www.mdpi.com/journal/crystals/special issues/special physical environments?fbclid=IwA
ROcSJTOUDb21RXIgEION4goTBJPYeh238jhcdPAw-Hen5Lni2c207gyV0Ilo

https://www.researchqgate.net/publication/7733332 Protein crystals for the delivery of biophar
maceuticals

https://drive.qoogle.com/file/d/10APO2i0B7JbHRMdGtFPMMTEFEXPBnuloG/view

Books
T.L. Blundell & L.N. Johnson (1976), "Protein Crystallography", Academic Press: London.
Jan Drenth (1994), "Principles of Protein X-ray Crystallography", Springer-Verlag: New York.
D. Sherwood (1976), "Crystals, X-rays and Proteins", Longman: London.
Rupp, B. (2009). Biomolecular Crystallography. Hamden: Garland Science.
https://utopia.duth.gr/glykos/pdf/Protein_crystallography.pdf
A. Valmas, PhD thesis, University of Patras (2020).
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