PeHTreHOCTPYKTYPHbIN
aHanm3

20 mm
Im——




1953: Ctpyktypa AHK

* YOTCOH 1 KpuK npeanoxunu moaesnbs ABOMHOW cnvparnm

7

T 4 T s e—
1!
{
%

!

use anly

2

%, ‘

i.'a




Kpuctannbl u gudpakunoHHagqa
KapTuHa ObIfnn NONyYeHsbl
PosanunHgon ®paHKinH




[MepBas CTPYKTYpa O6enka

* MunornoouH.

* [Nlony4yeHa Makcowm [Nepyuem 1958.
* [lpogemMoHcTpUupoBana
npeobnagaHne anbda-cnupanbHOu
ynakoBku (75%)

155 amunHokucnoT, ~ 17 ka.




YnakoBKa 0enkoB B Kpucrtansax oonagaer onpeaeneHHou CUMMETPUEn
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TpeboBaHuA K npoueaype KpUctanausaumu:

* Hy>xHO okono 10 mg o4vunLieHHoro berka. A
M 1234
- PasnuyHbie TMnblI Xpomarorpagun.
» PactBop gomkeH 6bITb rOMOreHHbIM.

- MN30dopmbl 6enka n MUKpoOreTeporeHHOCTH =
PEe3KO yXyaLlakT pOoCT KpUcTarnsios '

* [MpnBecTn K KoHUeHTpaumn okorno 20 mg/mil.

* [Nogxogsiiume ycnoBusi NPOBEAEHUSA SKCNEPUMEHTA
(KOHTpONupyemas Temneparypa, oTCyTCTBUeE
BUOpauunm n 1.4.).

- [lpouecc pocTta KpucTtania MOXET 3aHATb OHW,
Hegenu n gaxe Mecsubl.

> 6



OCHOBHbIE KOHLENUUU KpucTannamsaumm

* AI3mMeHeHne pacTBopnMocCTun benka nobaBneHnemM «npeunnmTupyoLmx
(ocaxgarLLmnx) areHToB» . Conen, NONUITUITEHTTIMKONU U T.0.

* KoHTponnpyembiM 00pa3omM NpUBECTN pacTBOP Oenka K NnepeHachILLEHNIO:
- [lobaBneHmne npeunnuTUPYoLWNX areHToB.
- BeicylumBaHume kannm pacreopa.
- ObmeH bydepHbIMKN peareHTamu (ananus).

* XXpatb 1 perynapHo KOHTponupoBaTk X0 npoLecca nog MMKPOCKOMOM.

Nucleation

(metastable)

Protein concentration —»

Crystallizing agent concentration -

[ [T T Supersaturation
[ undersaturation



dakTopbl, BNUsoLWne Ha PaCTBOPUMOCTbL berka

° pH
- NameHeHne pH BNusieT Ha 3apaa0BOE COCTOAHUE
aMUHOKUCIOTHbLIX ocTaTtkoB (Hanp. Asp, Glu, Lys, His, Arg),

YTO NMpmMBOAUT K USMEHEHUIO MOBEPXHOCTHbLIX 3apAd0B N, KaK
crneacTtBue, — K UBMEHEHUIO B3aUMOOENCTBUA MaKpOMOJEeKYJibl C
BOAHbIM OKPY>XEHNEM

» [loGaBreHme conemn cxoxmm obpasom BNmaeT Ha pacTBOPUMOCTb

* [lonapHbIe pacTBOpUTENN
- Hanpumep, nonuatunenrnukons (PEG) — cBasbiBaeT BOAY.

Protein
solubility
» Temnepartypa A

- UBMEHEHWNE SHTPONMUMNHOIO pakTopa PacTBOPUMOCTM

—

Salt concentration



CepunHble 3KCNEPUMEHTDI

» PactBop 6ernka cmelumBaeTcd ¢ NpeumnuTUpYoLWmMM areHToMm
- NpsamMmoe gocTmkeHne nepeHachbILeHUs

* [IpocTon metoa:
- Jlerko macwtabupyetca go yposHst 100 HaHONNTPOB
3a CYET UCNofb3oBaHNUA aBTOMAaTOB

Protein
concentration

% Supersaturation

. @ nucleation
“growth

Precipitant
concentration



Ounddy3noHHbIe MeToAbI

» PactBop 6enka (~5 ul) nomelaercs B Buae kannm Hag 6ydepHbim
PacTPOPOM C BbICOKOM KOHLIEHTpaLunen npeunnmTmpyrowero areHTa

» Kannsa n oydpdep odbmMeHnBaroTCs areHToM Yepes andpdysmnio B
NPOMEXYTOUYHYI0 cpeay (nap).

*CaMbIi LUMPOKO MUCMONb3yeMbI METOL

Protein
concentration

: nucleation
“srowth

start

Precipitant solution

=

Precipitant
concentration



Temneparypa:

* OBbIYHO 3KCMEPMMEHTbLI NPOBOAATCA B flabopaTtopmsax ¢
KOHTPOSIpyeMoUn Temreparypou.

» Kak npaBuno, tTemnepatypa sapbupyetcs ot 20°C go 4°C .




Tunbl ocaxXaeHus

amopdHoe reTeporeHHoe MUWKPOKpUCTanNb

OnbITHbIV 3KCNEPUMEHTATOP MO BHELLUHEMY BUAY OCadKa MOXET
onpenenuTb, YTo cneayeT U3MEeHUTb B YCINOBUSIX KpUCTannuaauum.






Po0oTb! Ansa Kpuctannmsauum
* MoryT onepupoBaTtb ¢ kannamm oobemom 100 HaHONMUTPOB.
- bonee ToYHbIE, YEM YENnoBEK

- [NosBonstoT 6bICTpO caenatb bornbluee KoNM4ecTBo IKCNnepunMeHTOoB
Nno Kpuctaruindaumm Cc TemM xKe Korim4eCctBoOM bernka
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Rpuctannnsayumna memMmopaHHbIX
benkoB: getepreHTol n LPD
(nMMnonenTuaHblie OeTEPreHThl)

(a) (b)




Kpuctannusaumnsa memopaHHbIX 6enkos
npuv NOMOLLUM NMUNUAHbIX Me3oda3s

PRGN
8 AA2ws

Amphiphile concentration /wt%
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dazoBasa gnarpamma

Temperature (°C)

MOHOOJIENHA

120

100

Composition w/w water (%)




Lipidic Cubic Phase (LCP)
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Bacteriorhodopsin (H. salinarum), 1.43 A, 1MoK




Unique proteins: 32

Total structures: 108
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What Are Bicelles?

* Mixture of lipid and detergent that form disc-
like structures

Faham et al. 2009.

buuennobl



DMPC CHAPSO
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Figure 1. Phase behavior of bicellar mixtures

Bicelles are formed by mixing a phosphatidylcholine lipid such as DMPC with a detergent
such as CHAPSO. The detergent shields the hydrophobic edges of the bilayer. With
increasing temperatures and q, disc-shaped bicelles undergo phase transformation into
worm-like cylindrical micelles and perforated lamellar sheet, which may also be beneficial
for crystallization.



[TpmeHeHune buuenn

40

Pure Protein Solubilized

In Detergent
— —

Incubate on
Ice 30 min. Dispense into Hanging
10 (7% bicelle) or Sitting Drop Set-Ups

35% Bicelle Solution on Ice
(2.8:1.0 DMPC:CHAPSO)



High-End: pauemunyeckas
KpucTtannorpadgpua 6enkos
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COop gaHHbLIX

 BpalleHuve kpucTanna gns nonyyeHus audppakumm noa
pa3HbIMU YramMu NageHust U3nyyeHus

« Kak npasuno, nosny4atot okono 100 andpakymMoHHbIX
N300paxxeHum

X—ray beam

Detector



OxnaxgeHue Kpucrtanna

* [Mog nencTBMemM MHTEHCUBHOIO PEHTFEHOBCKOIO U3Ny4YeHUsS NPOUCXOANT
MOHM3aLMA aTOMOB U, Kak cneacTeme, obpasoBaHNe akTUBHbIX
pagukanoB. [MoaTtomy, Npu obnyyYyeHnn Kpuctann paspyLiaeTcs

» OxnaxgeHve yBennymBaeT BpeMs XMU3HU KpucTarsa 3a cyer
YMeHbLUEHUA KoadpdumuneHTa andodysmmn pagukanos, a Takke
CKopocTen xmMm. peakummn. Cenyac npakTUYeCckn Bce aaHHbIE
nonydarotcs npu oxnaxgeHum kpuctannos go 100 K (npm nomoLum x.a.)

[Mpn BbICTPON 3aMOpPO3Ke KpUcTasni MOXET CTaTb MO3auUYHbIM — TO €CTb
pa3buUTbCA HA MHOIMO HAHOKPUCTArNOB, HEMHOMO NO-pPa3HOMY
OPUEHTUPOBAHHbLIX. OTO NMPUBOAUT K PE3KOMY YXYALLIEHUIO
ANPaKLNOHHOM KapTUHbI U, Kak cneacTBue, — K YMEHbLLEHNIO
paspeLleHus.

[ToaTomy, nepen 3aMmopo3Kon 40DaBAETCA KPMOMPOTEKTOP :
Kak NnpaBwusio, - rmuuepon nnun nonmatuneHrnukosos (400)



KapTuHa andpakumm oT 6enKoBoro Kpucranna

» [Ina andopakumm xapaktepHo
BbonbLoe Kornm4ecTBo
OVNdOPaKUNOHHBIX MaKCUMYMOB,
TaK KaK pasmep

. KpuUcTaninyeckomn s4enku

- COCTaBIsIET, Kak NpaBuIo, ot
30 no 300 A.




f(x.y) . * {f(x.y)} f(}x.-y)-—-'f*r{f(x.v)}

FOURIER=PLANE
= FILTER PLANE



PaspellueHne CTPYKTypbl

>3.5 A : pasnnymma TOJSIbKO BTOPUYHAA CTPYKTypa bernka
(HYKNenHoBOM KUCNOThI) : anbga cnnpanun, 6eta-nucTol
(OBOWHas cnupanb)

2-3 A (cpegHee) — BUOHO OOMNbLUMHCTBO OTAENbHbIX aTOMOB,
MOJIEKYIbl pacTBoOpUTens (Boa4a N MOHbLI).

Okorso 2 A — BUOHbI anbTepHaTUBHbIE KOHGOPMaLMK a.o.
(caxapodocaTtHoro octoBa)

1.6 A — MOXXHO pas3fMinTb «OTBEPCTUE» B ISIEKTPOHHOM
NOTHOCTM apoMaTUYecKux Konew

1.1 A — BUAHbI aTOMbl BOAOPOOOB (XOTHA paccesHune
NPOUCXOANT TOSIbKO Ha 1 anekTpoHe! )



The crystal
was maintained at 113 K during data collection. A total
of 92 542, reflections were collected, indexed and reducec

69 unique reflections to a maximum resolution of
0.92 Alwith the program HKL 2000 (13). This DNA crys-

tallizes in space group C2, with unit cell parameters of
a=32.14A, b=2517TA, ¢c=34.09A, oo = v =90° and
B=116.3°







PacyeTt 3NneKTpOHHOM NJIOTHOCTU B 3JIeMeHTapHOU AYeunkKe
Kpucrtanna

* AMOInTyga CyMMapHOro paccesHns OT A4YenKu:

E@Q=/p()-exp(ir Qdr
» lcnonbaysa obpaTHoe dypbe-rnpeobpasoBaHue:
p() =] EQ -exp(-i r- Q) d*Q

* B gencreutenbHoCTU, OepeTca KoHeYyHaa cymma no BCem
«pedpnekcam» (h,I,m) :

p(r) = Zhlm E(Qnm) - €Xp (-1 7 - Qum)

= Zhlm |Eqiml- €Xp (-1 @) - €XP (=17 - Qpi)
* B akcnepmmeHTe namepseTcsa MHTEHCMBHOCTb PACCEAHHOIO U3NMyYeHus:

lim & |Epim(Qpim) 2

* [lpobnema oTCyTCTBUSA 3KCNEPUMEHTaNbHON MHGOPMaLMn O dase
paccedaHHOW PEHTreHOBCKOW BOSHbI Ha3bIBAETCH

®A30BOU NMPOBJIEMOU
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MeToab! pelueHna doa3oBon
npobremsl

1) npamble MeToAbl:
KapTbl [1aTTepcoHa
doa3oBble COOTHOLUEHUA ( NOM.3M.MNMNOTH)

2) ogHOKpaTHOE N MHOroKpaTHoe
N30MOpPIPHOE 3aMeLleHne

3) ogHOKpaTHaa M MHOroKpaTHas
aHoMarbHas gucnepcus

4) MoNneKynapHoe 3amelleHne



Y § - & -

A cat with no phase information A tailless cat with phases

Use tailless phases as a guess Combine twice the observed
for phases — tail weak. Works magnitude of the “cat” minus the
since good approximation. tailless cat magnitude: 2F -F_ map.



CeneHoUuNCTENH N
cerneHoOMeTUOHUH

Cysteine Selenocysteine

(Cys) G (Sec) 0

pKa191,9 pKa-lg&
O

?11028 ?'@10

pKa 8.14

° C
Yrnepog
s2p212.0107

o 8i
KpemHuit
s2p228 0855

32 Ge

'epmaHuit
s2p? 7263

! N
AsoT
s2p314.0067
15 P
Poccop
s2p®30.9737
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MblLbAK
s2p374 9216

8 0 9 F
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s2p*15.9994 s2p®18.9984
16 S 17 Cl
Cepa Xnop
s?p* 32065 s%p® 35453
34 35
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dakTopbl aHOMarbHOrIO
pacceaHns

fll
ff

x-ray energy (eV

FO = +17 Q) +if ")



HapyLwieHne CMMMETPUN KapTUHbI pacCeaHUs
n3-3a oa3oBoOro casura Npu aHoMarbHOM
pacceaHumn

Puc. E3.21: a — 3akon @pupesnsi; 6 — pusiiie
anomaJsibHoro paccesinust Ha F (Akl) w F (=h—k—1)
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Femtosecond X-ray protein nanocrystallography
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In vivo protein crystallization opens new
routes in structural biology
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Fig. 2. Quality of the calculated electron density. (A) Surface representation of the TbCatB-propeptide
complex solved by molecular replacement using the mature ThCatB structure (11) as a search model. The
solution revealed additional electron density (2F,,s — Feai, 10, blue) of the propeptide (green) that is
bound to the V-shaped substrate-binding cleft and of two carbohydrate structures (yellow) N-linked to the
propeptide (B) and to the mature enzyme (C). The propeptide, as well as both carbohydrates, are well-
defined within the electron density map (blue), which confirms that the phases are not biased by the
search model. Color codes correspond to Fig. 1C.

DOI:
10.1126/science
1229663



Lipidic cubic phase injector
facilitates membrane protein serial
femtosecond crystallography

Water o
ihe Plunger Teflon LCP reservoir
balls

Figure 1 | Middle section through the LCP injector. In operation, the device is attached via the leftmost threaded fitting to a nozzle rod (not shown) for
insertion into the experimental chamber. Water (blue) and gas (green) lines are routed through the nozzle rod from the left. LCP (red) is extruded from the
nozzle on the right. Water, at a pressure of up to 300 psi, drives the hydraulic plunger, which amplifies the pressure 34 times to drive LCP through a
capillary with an inner diameter of 10-50 um. Two spherical Teflon beads are used to provide a tight seal against a pressure of up to 10,000 psi. The
co-flowing gas is necessary for reliable extrusion and to maintain co-axial flow.
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