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BpeMeHHbIe BO3MOXHOCTUN MeTOA4OB
nccriegoBaHus
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CkopocTb?
UcxoaHble MexaHun3m? MpoAyKThl
KOMMOHEHTbI NepexonH peakuumu
blé
COCTOAHUA
?

l/I3yquV|e NCXOOHbIX KOMMNOHEHTOB, NMPOAYKTOB, UX COOTHOLLEHUN HE
naet VIHCbOpMaLI,VII/I HN O MEXaHN3MeE, HU O CKOPOCTW peakKunnn, HK O
NMPOMEXYTOHYHbIX COEANHEHUNAX



B 1872 roay 6biBinm rybepHatop KanndopHuun Jlenanag CtaHgopa
(Leland Stanford), Bu3HecMeH v Bnagenew, cCkakoBbIX noLwagen,
cAenarn CTaBKy B Crope: BCe N YETbIPE KoMbITa NnoLwlagn oTpbiBatoTCH
OT 3€MJI1 BO BPEMS ranona .

Cnop ObIn peLwwéH ¢ NOMOLLbIO «BbICTpoU hoTorpaun»

«PoTorpapum» XMMMYECKNX NPOLIECCOB - METOAbI ObICTPON
perncrpaumm



Eadweard Muybridge, 1878



Eadweard James Muggeridge
Edward J. Muybridge (Helios)
9 April 1830 — 8 May 1904




MeToabl peructpaumm HepaBHOBECHOMW
KUHETUKUN
B MpUMeHeHuun anga Pn3nko-xuMmmn4eckoun
ononormnm

Stopped-Flow technique
Continuous flow method
Quench-Flow technique
Fast freeze quench
Temperature Jump
Pressure jump
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Laser Flash Photolysis



MeToa «OCTaHOBJIEHHOU CTPYU»
Mechanical mixing-spectroscopic observation

FIUOf e SQ ence optical Fluoresc;ence
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Path , Cell
Cell Mixer 2
Mixer Stopping Delay

Syringe Mixer 1 Loop Stopping

Syringe
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B B
Drive Drive 1 Drive 2

Single Mixing Stopped-Flow

Double Mixing Stopped-Flow

Usual deadtime ~ 1 ms; time resolution is less than 1 ms
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[lepBan annapaTtypa gns
stopped-flow

Chance B. The accelerated flow method for
rapid reactions. Journal of the Franklin

Institute. 1940. V. 229. P. 613-640.
(University of Pennsylvania)

¢ . SO

5 5 metre class | "~ (July 24, 1913 — November 16, 2010)



Britton Chance and his "magic machine" for studying stop-flow
kinetics, 1947



Q. H. Gibson and L. Milnes. Apparatus for rapid and sensitive spectrophotometry.
Biochem. J. (1964) 91 (161-170) (University of Sheffield)



MepTBOe Bpems npubopa (Dead time)

Bpemsi, KOTopoe npoxoauTt Mexay CMeLInBaHUEM
KOMMOHEHTOB 1 HA4Yanom perncTpaumm curHana.
OO6bIYHO: 0,5 —-1,3 MC
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CoBpeMeHHoe
obopyanoBaHue




IeTeKkTopbl

UV/Vis nornoweHue
PDA — BeCb CMNEKTpP 3a OAUH CKaH

N3meHeHUe onyopecueHUUU
(dbnyopodopbl benkoB/BBeAEHHbIE
donyopodchopbl B
cyocTtpaTtax/BBeaeHHble hnyopodopbl
B OerkKax)

N3MeHeHne onTU4YecKoro cnekrpa

U3mMeHeHUA nonapunsaumnm
donyopecueHUuUn
U3meHeHunsa B cnekTpax KO
Stannad_flaw SMP



Fluorescence intensity, a.u.
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Stopped-flow AMP

NMR is the most information-rich type of spectroscopy I8
—C
Hand-mixing of reagents —useful to get data points within tens —D
of seconds
Stopped flow is useful to get data points within 2-10 s l ' .
S
Main delay in this technique is the spin-lattice relaxation time, H =g
T1 - H
KA 5
L-....
Apparatus not commercially available yet = i !
Christianson, M. D.; Tan, E. H. P.; Landis, C. R. J. Am. Chem. Soc. 2010, 139f T

11461.
Green, D. B.; Lane, J.; Wing, R. Appl. Spectrosc.1987, 41, 847. UL




Stopped-flow AMP
sample syringes _:w% o Y
inside glovebag P inert atmosphere sample

pneumatic driver JAELE Injection
157 syringes

stopped-flow

| flow probe with
stopped-flow

insert
NMR
detection
region
solution A solution B
inlet inlet

Cross Section
at Mixer

solution B
’ \ inlet
o-ring
\ \
E —
\ oint of mixing

I solil:‘tligFA \
Christianson, M. D.; Tan, E. H. P.; Landis, C. R. J. Am. Chem. Soc. 2010, 132,
11461.

NMR detection
region
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MeTon HenpepbIBHOU CTPYMU

Syringes

In-line Ti filters

Continuous flow
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Arclamp  Monochromator Cylindrical ' s
lens
Cell holder and
1317x1035
flow-cell assembly CCD detector
50 um Pt wire
140 um Inner ( f’_
capilla
. 10 um Glass posts
200 pm
Pt sphere

le+—— Quartz flow-cell

—» e
250 um channel

M. C. R. Shastry, S. D. Luck, H. Roder.

Biophysical Journal Volume 74 May 1998
2714-2721




1 kW DhRE

HNetekTopbl ans Continuous flow

UV/Vis nornoweHue

N3meHeHunsa B UK-cnekTpax
N3MeHeHne onTu4eckoro cneKkrpa
N3ameHeHUun B cnekTpax K4

AMP un 3lMP-cnekTpomeTpbl



Stopped-flow / Continuous flow

Drving Motor

Mixer f= 1'%

b——-—il Enzyme ———r

— L= Zacl . Flow rate
h-qSubsiraté;\_uﬂ_ | Ry
| =" ‘7

Figure 4.1 Conlinuous-flow apparsius,

Stopped flow method:
efull kinetic in one experiment

& & eneeds fast detection
eNeeds less sample
Mixer
g e Lt ) Continuous flow method:
Source < - Observation  zfectar

Cell

%

Detector

eFull kinetic only with variable flow or
s movable detector
eSignal can be accumulated

Stop Syringe
/

i eNeeds more sample

Schematic of a basic Stopped-Flow apratus



Quench-Flow technique

KINTEK QUENCH-FLow ScHEmATIC DIAGRAM

Buffer Quench Buffer

Flush-Load-Fire sequence:

1. Flush sample loops and
reaction loop by applying
suction to exit line. 1

2. Load 15 ul of each Drive Syringes
sample.

3. Fire and collect sample )
coming from exit line. dg i Syringe Load Valves
Sample Loo
Load Sample A » C P P Load Sample B

Reaction
Loop Flush solution
Exit Line




New improved
performance!
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OcTtaHoBKa peaKkuuu

XaoTponHble areHTbl
IeTepreHTbl
Crton-aHanoru cyoctpaTtoB
LLlenoun/kKncnotbl

BbicOKMe KOHUeHTpauumn HeMe4YeHbIX
cyocTpaToB
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[Nocneaywowmm aHanus NPoayKToB

XnagkoctHaa xpomaTtorpadpusa + MS
JnekTtpodopes

PCA

AMP/3MNP



Fast freeze quench

‘------- §

nitrogen Sample collector

-ff— Dewar

Isopentane

liquid nitrogen
circulation

sFM-300 /"




AHanu3 NpomMeXxyTo4yHbIX NPOAYKTOB nocne
Fast freeze quench

1. SAMP m 3IMP-cnekTpockonusa

2. UV-Vis-, UK- cnekTpockonusa B
«CTEeKnax»

3. XAFS



Cxema obopyaoBaHusa gns freeze-quench

4a 4b

\ 4
control

3a 3b

silver wheels

EPR tube

SN NSNSSSSSSSASN

Verkhovskaya M L et al. PNAS 2008;105:3763-3767



PenakcauuoHHbIe MeToAabl

Initial
equilibrinm (-—Tsemperamre jnmp

ctate Felazation time
": r=1/(ktk_,)

(Bl oo

A[B],
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Temperature-Jump
(PenakcauMOHHbIe MeTOoAbl)

/\/12kv

Optical
Path

Temperature Jump (not to scale)




Annapatypa ona Temperature-Jump




MeTtoa T—Jump no3BONSeT peFI/ICTpI/IpOBaTb xon 6bICprIX
peakuuin Co BpeEMEHEM MNONynpeBpaLleHns nopsiaka
HEeCKOSTbKMX MUKPOCeKyHAO. PeakunoHHYI0 CMeCh
noadepXnBaroT B paBHOBECUU MPU onpeaeneHHou
TeMmneparype, a 3aTemM BBOAAT BO3MYLLEHNE ObICTPbIM
N3MeHeHNeM TemnepaTypsbl.

HarpeB o00ycnoBrieH npoxoxaeHnem yepes dydep KopoTKoro
NMIMYyNbCa 3MEeKTPUYECKOro paspsaaa rnpu BbICOKOM
Hanpsi»XeHnn, CrocobHOro NHAYLMpPOBaTb MNOBbILLEHNE
Temnepartypbl 40 10 ° C 3a HECKONLKO MUKPOCEKYHA.

Xo[ peakunm permctpupyrot cnektpodotomMmeTpudeckn rno UV
/ VIS (nornoweHne n gonyopecueHums) ¢c NoOMOLLbH



Temperature Dependence of Reaction Rates

Svante Arrhenius observed that reaction rate
constants had a temperature dependence that
could be expressed by the Arrhenius equation:

k = Ae-Ea/RT)

Here A is the pre-exponential factor or frequency
factor and is related to frequency with which the
reacting species collide. Since:

Ink =1InA-E /(RT)

plots of the natural logarithm of rate constant
versus the inverse of the Kelvin temperature are
expected to be linear
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41.7 +C(u ), 46.7 +C(m ), and 51.7 +C (% ).

Koval V. et. al. IUBMB Life, 48: 317-320, 1999.



Pressure-jump
(PenakcaunoHHble meToabl)

Cka4yok gaBrieHma - MeTo, UCNonNb3yeMbl B UCCNegoBaHUN XMMNUYECKOW
KNMHETUKKU. OHa BKIOYaET B cebs OLICTPOE N3MEHEHME AaBreHUs
9KCNEPUMEHTAarIbHOM CUCTEMBI U HABMOOEHNA 3a BO3BPALLEHNEM K PaBHOBECHUIO.
MeToa no3BondeT n3yyarb CMeELLLEHNE PaBHOBECUS peaKkLuuii, B AnanasoHe
BPEMEHU MEXAY OT MUNTIUCEKYHA, OO0 HECKOSTbKUX 4YacoB .

LeTekTopbl: abcopOLUMOHHaA nnn griyopecueHTHasa CheKTPOCKOMUA, KpyroBown
aunxponsm (CD), FTIR u AMP.

Yalle Bcero ObiCTpoe nageHve aaBreHns JOCTUraeTCH C MOMOLLLIO
MCMNOSIb30BaHMA ObLICTPOro KrianaHa nMbo B3pbiBa MeMOpaHbI.

dln K
JdP

AV? = —RT

T



pressure_jump The sample is pipetted into
a dimple in a sapphire cube.

The dimple is covered with

P’.‘asns]Ufe mylar-coated aluminum foil
Copper electrode“ ‘ i a ) and pressurized by pumping
Burst membrane I ® P =1.2kbathanol into a pressure

Pressure fitting
ssure Ntting

® P =1 bar fitting. A current burst into a
copper electrode bursts the
upper steel membrane and

Mylarl-coated

foH'

Sapphire _ releases the pressure.
clpe B Sample fluorescence is
%M g excited by a 280-nm pulsed
,ﬁ,o(‘“\ e laser every 12.5 ns and is
Q
@

collimated by a UV light
Uide onto a
Qfaphotomultiplier. The
digitized raw data consist of
a train of fluorescence
decays, whose lifetime and
intensity monitor the
refolding of the sample after
the sudden P-drop at t = 0.

Prigozhin M B et al. PNAS 2013;110:8087-8092 E ‘:l é S




Laser Flash Photolysis




JTazepHbI UMMNYNbCHLIM OTONU3 ABMAETCA OAHOWN N3 CaMblX 3IEKTUBHbIX
Ona uccnegoBaHuUd NyTeM MNpsiMbiX U3MEpPEHUn BbICTponpoTeKaoWwmx
XUMUYECKNX N DUONOrMYEeCcKNX peakumin, HanpmMep, ¢ ydactmem cBoboHbIX
pagukanos, MIOHOB U BELLECTB B BO3DYXXAEHHbIX COCTOSAHUSAX.

Acnonb3oBaHWUs nasepa B Ka4eCTBe UCTOYHMKA BO3DYyXaaloLLEero n3nyyeHus
No3BOSIAET NPOBOAUTL UCCedoBaHMNA NPU YETKO 3a4aHHOW ASIMHE BOJSHbI C
HaHOCEKYHOHOW pa3BEPTKOWN. [10g0BHbBIN NCTOYHUK U3NYYEHNS rapaHTUPYET
BbICOKY0 BOCMPON3BOAMMOCTb Pe3ynbLTaToB U NO3BOSISAET Nofy4vaTb CNeKTPbI
C paspeLlueHnemM rno BpeMeHn B paMKax BbllLieyKa3aHHOro Liara.

JTazepHbin  UMMyNbCHBIM ~ OTONMM3  HaxoauT BCE Oonee LWIMPOKoe
npumeHeHne B cdepe WuccrneaoBaHUa MeXaHU3MOB OMOOpraHU4ecKux
peakunun, Hanpumep, n3yyeHne nepeHoca dNIEKTPOHOB B LUTOXPOMaxX UNu
CBA3blBaHWE NUraHOoB remcoaepxawmmm denkamm. Takke gaHHbIM METO[,
aHanumsa npuMeHnm Ans uccrnegoBaHUss KOHMOPMAUMOHHbBIX U3MEHEHUN
0enkoB B Xoae DMOXMMUYECKUX B3aUMOOENCTBUN.



anIHLI,I/II'IVIaH bHAA CXeéMa YCTaHOBKMU
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LASER SUPPORT RAle
PRINTER LASER BEAM STEERING PRISM

. —\ e

SPECTROMETER CONTROLLER

N\ MONOCHROMATOR

PHOTODIODE TRIGGER/INTEGRATOR

'QUANTEL BRILLIANT B - Nd:YAG LASER

s

SIGNAL DIGITISER | °

\ ""-“_DE_T_ECTOR HOUSING

3
N
\ " _KEYBOARD

\

A

"\ RISC WORKSTATION

'\ FLAT SCREEN MONITOR

750

‘x L

\ SAMPLE HOUSING

- A \ . —_—

" LAMP POWER SUPPLY

" LAMP PULSER
\ SPECTROMETER RAIL

" 150W XENON LAMP HOUSING
C | CUVETTE HOLDER (THERMOSTATTED)
F1 | FILTER HOLDER (SAMPLE PROTECTION)
F2 | FILTER HOLDER (2ND ORDER BLOCKING FILTER)
L1 | COLLIMATING LENS
L2 | FOCUSSING LENS
L3 | COLLIMATING LENS
L4 | FOCUSSING LENS
P1 | NITROGEN PURGE PORT
P2 | THERMOSTAT INLET & OUTLET
R | SAMPLE HOUSING OPTICAL RAILS
$1 | LIGHT SOURCE SHUTTER
$2 | LASER SHUTTER

1750




[MpyHUMN MeToga O4YeHb MPOCT: KOPOTKUA WUMMYNbC (nasepa) cBeTa
MCNonb3yT Onsi BO3AENCTBUST Ha ob0pasey B OMNTUYECKOM OTCEKe
cnekTpomeTpa. Pesynsratom B3aMmMogencTBusa MOXET BbITb Kak MTHOBEHHOE
nornoweHne, Tak u amuccus. IsmMeHeHua curHana Ha AeTekTope nocne
BO3DYyXaOeHnsi obpasua nasepoM MOXET ObITb pes3ynbraToM pasfnyHbIX
NpoLeccoB: nepexon BO30YXAEHHbIX SNEKTPOHOB Ha TPUMMNETHLIM YPOBEHD,
pacliensieHne Mornekyn ¢ obpasoBaHMEM paanKanoB, ANEKTPOHHbLIN NEPEHOC,

MOJIEKYISIPHbIE NEPECTPONKU U T.4.
XapaKTepucTuku

Bbicokasi cTabunbHOCTL paboThl
KCEHOHOBOIO UCTOYHMUKA U3MyYeHMe Ka
B peXxume AnnTenbHon paboTbl, Tak 1 B
NMMYNbCHOM peXxnme

B0O3MOXHOCTb perncrpauumn AaHHbIX C
pPa3BEPTKOWU B UHTEpBAre oT
HaHOCEKYHAbl 4O CEKYHAbI
[NepenuckpeTnsaumnsa oo 64 000
3Ha4eHnn n3 6asbl JaHHbIX OQHOro
aKCrnepuMeHTa

JlnHenHasa n norapudpmmnyeckas
BpeMEHHagqa pa3BepTka

B ctaHgapTHOM KOHUrypaumnm
OOCTYyMNHa PYHKUNS aBTOMaTUYECKOW




