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Structural Biology Beam-Lines Group

Harima Science

BL32XU
v Automation (ZOO system)

v High-energy/Micro-focused beam
v For micro crystal (< 1_0 micron)
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Length = 8.73pm
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BL41XU

v High-energy beam
v For high resolution (< 1A)
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BL45XU

v For Structural-based drug design
v Mail-in, Automation

v High-energy beam
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BL26B1
v Routine measurement

v Micro-spectroscopy
v For R&D

BL44XU

v For supramolecular
v multi-axis goniometer
BL12B2 (NSRRC, Taiwan)

v,

v For Bio-SAXS

Cryo-EM facility
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v Titan Krios (300K)
v Glacios (200K)
v CRYO ARM™ 200 & 300
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- Buffer

Tris, U > %, Hepes &

- Affinity tag

RTIF RAJ(HisTag), TOFA>50 &

- Removal of the affinity tag

KTFENTOFT 77—t (TEY, 30)

(ZoAth)

- Expression plasmids

BSERIRAINT I —DVXILFoO—-_2T054 bDHdE L
*RiBE, /\F20O0D-)LAREME, EflaALE
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Multi-Step Automated Protein Purification System

Combination of Loops valve (V9-L) and column valve (V9-C)

%Ir | WY N ; @ ] Column valve
Inject valve o\ o I ‘ o o N aE ' |(ve-C/C2)
(VJ9-|nj\)’ ! Q. /| | -\ G l/ : *10 columns
Loop valve Buffer Inlet A
(V9-L) uffer Inlet
*5 loops *7 lines

Buffer Inlet B
*Tlines

Outlet valve
(V9-0)
*Tports

Inletvalve/ »r\
(V9-1S) g

*7 ports
Buffer pump

(A/B)

Sample pump
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A Multi-Step Automated Protein Purification System
“Multi-step peak to loops”

/ . ICqumns \ / Superloops \
Il B

/Column valve Loop valve \

V9-C V9-L - - -
i \ 5 ports 5 ports J \ J

1

HisTrap
I

HiPrep Desalting 26/10

HiTrap Q/SP

m m m m m
D / K‘- I S
W W h W h w

/ HiLoad Superdex 200 16/600

Fraction collector Sample Sample Pump Buffer Pump A Buffer Pump B
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Automated purification system on AKTA

Execution of each purification programs in the queue

O CytiV(] UNICORN  Method Editor - 1st_CytivaSelect*

Edit View Phases Tools Help

EL New Method... Ctrl+N = " [Eﬂ\ 2, E —_ I:I l]
| & O 2 Em == System: avant25 3013179
B NewMethod Queue.. (] 3 ko = o

Open... Ctrl+0
B Open ! 2 X MethoWRhases Phase Properties  TextInstructions T
Close
PN
J Method Settings : Method Settings T @ ° M
- iming of the star
B Savehs. J Column Type Selection -
Scale or Convert Method... E hhoi,ih' Tﬁfh ffiply Chromatography (%) t Ch m eth (0] d
Sign Method... 1 Equilibrat] T acC
J / Colyfn Type Properties...
Print... Ctrl+P v x
nge
Export » Method Queue %
Import _J Sample Application
mpe ' ’7 Number of included systgs: [1 02 2(
Properties I 02 - 2
pert J v System l < 4 ]
Recent Methods > Method Start Condtion
B  Log off Default’ 1 Column Wash 1 1st_IMACdigest | At queve start
Exit UNICORN 2 2nd_Desalt_for_IEX .| Immediately after the previous method has ended v
v Insert Row | 1000 -
3 %d_BT for_IEX Immediately after the previous method has ended -
Manual Loop Fill | Elution 4 &h_IEX Immediately after the previous method has ended v
5 4h_SEC200_outlet10 ... [mmediately after the previous method has ended &
Miscellaneous | v 1
—_— Equilibration
Sample Application |
| Edit
System CIP v
Predefined Phases =
9 Save fs... Close
Column Logbook

Delete Insert

Programs for IMAC, ion-exchange, Size exclusion chromatography, etc.
are individually set and executed in the queue.



Multi-step AKTA automation
~Example 1~

Target Protein: Enzyme (30 kDa) 1. Ni-IMAC 5. Size exclusion chromatography

Expression system: Bacurovirus-5f9 Coect. - — 280nm
o ™ —— 256 nm
Sample Load (F.T) !l :
—> 1

Purification Step =
1. Ni-IMAC [
2. TEV digestion (overnight)

L

TEV protease is pre-loaded into a
super-loop that will collect the Ni- 5w m B - " UL
IMAC elution fraction.
TEV .
4. Reserve-trap (Ni-column)
protease

o0, Collect.

1200

3. Desalt

For imidazole removal

4. Reverse-trap (Ni column)
For HisTag removal

5. Size exclusion chromatography »

40



Multi-step AKTA automation
~Example 1~

Target Protein: Enzyme (30 kDa)
Expression system: Bacurovirus-Sf9 Pre-load of TEV or 3C protease

Purification Step
1.

2.

. Desalt

Ni-IMAC
TEV digestion (overnight)

TEV protease is pre-loaded into a
super-loop that will collect the Ni-
IMAC elution fraction.

TEV

protease

BHOUL. (.

For imidazole removal

. Reverse-trap (Ni column)

For HisTag removal

. Size exclusion chromatography



New Automated system including
Cytiva™ Protein Select™

Self-cleaving \

complex

Cytiva™ Protein
- Protein of Select™ resin
L interest

Ligand Cytiva™ Protein
Select™ tag

B T1arget Protein plasmid

Sspl
--TAACGGTCTGATTGCGAGCAATATT----
NG L NASN

Protein select tag

Cleavage

X

Cytiva™ Protein
Select™ resin

Ligand  Cytiva™ Protein
Select™ tag

Cloning of target genes

* Seamless or blunt-end cloning after Sspl digestion.

: Protein of
: interest

- Applications of protein splicing by intein

Nc-intein
> Resin ligand

Asn

Cc-intein
> Select tag

* N-terminal intein segment (Nc-intein)

* C-terminal intein segment (Cc-intein)

* High affinity (K < 1.0 pM)

* Cysteine-less (No reducing agent required)



New Automated system including

Protein Select™

Target Protein: Extracellular domain (70 kDa)

Expression system: Secretory expression using baculo.-Sf9

gp67 (secretion signal)

His tag l_. Protein select tag
~ N pFastbac-1*
Purification Step
1. Ni-IMAC
2. Protein Select

\ Self-cleaving \
complex
Cytiva™ Protein
B Protein of
- interest

Select™ resin
Ligand l Cytiva™ Protein

Select™ tag
5. Size exclusion chromatography

Cleavage

X

: Protein of
interest

Ligand  Cytiva™ Protein
Select™ tag

Cytiva™ Protein
Select™ resin

Apply 40 ml of Ni-IMAC eluted sample. E|utIOI’I_ &
J Collection
Wash
) |
Digestion *12 hr by system paused l
\J
Elution of Target w/o HisTag & SelectTag ’l
300 H
250 l
Sample M
200
Apply ,
d |
0 Wash |U
100 1
Pauseh“
0 _ lf¢
o Equ... B ‘ ,;;,‘Cglim‘LWasvhf J ‘E'.,. ‘ Column CIP‘ Equili\bratior{
20 0 20 4 e s 10 120 ™



Target Protein: Extracellular domain (70 kDa)

New Automated system including
Protein Select™

Expression system: Secretory expression using baculo.-Sf9

gp67 (secretion signal)
I‘_l E is tag l_. Protein select tag

Purification Step
1. Ni-IMAC

2. Protein Select

\ Self-cleaving \

complex
Cytiva™ Protein
Select™ resin

- B Protein of
- interest

Ligand l Cytiva™ Protein

Cytiva™ Protein
Select™ resin

Select™ tag

5. Size exclusion chromatography

Target Protein pFastbac-1*

Ligand  Cytiva™ Protein

HiLoad ® 16/600 Superdex 200 pg
mw 20 mM Hepes-Na, 200 mM NacCl

120

100 \

[
|
|
80 \ 180 -
140- -
l 100- w
5-
- - -
60 60 - --.
1 45- -
35- -
40
|’ 25-ww
20 15
10 -
i (kDa)
O’Mﬁp... Elltion
0 20 40 60 80 100 120 M

« Target protein
Mw: 70 kDa
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The 2" position is proline.

- select tag - Glyst-Pro2nd-His3d-Met4th-,, .,

- Histamine methyltransferase

Protein Select™
~HFIR TG ~

Homo-oligomer
- Trimer
- Dioxygenase

Membrane protein
- Voltage sensor(4TM)

Main factor affecting tag cleavage kinetic:

1-3 amino acids of N-terminus of target protein

* Amino acid residues of the
target protein will affect the

Cleavage

active-site formation and site

spatial arrangements of l
catalytic amino acids. ot ot
Last three amino First three amino
* Prolinein the first or second acids of Cytiva™ Protein  acids of protein
A% f Select™ tag of interest
position of the target protein
causes an extremely slow
cleavage reaction.
— \' ~ W
—FEEMNATOUCTEIND

*FEUND (4C x —HR)

- Voltage-gated H* channel

-
.(1 Q' ﬁl " Charged Small Hydrophobic
) ¢ Gl Arg Ser Ala L Phe
™~ v E s A L F
i
¢ Slow Slow Slower | Slower | Slower | Medium
}r‘ Slow Medium | Fast Slow Fast Fasts
o~ Slow Fast Medium | Slows Medium | Medium
Protein of
interest Slow Medium | Medium | Slow Medium | Faster
Slow Fast Faster | Medium | Fast Faster
Fasts Fasts Fasts Fast Fasts Fasts
> el \\t
fI20°CCZHRTUIND
iR L9 OO ECHI =
= t \
R L CHEYINT ..

Protein Select&RHEETIFRLY (EBULET)



Cost comparisons

*my own research

_ Protein Select HisTag/Enzyme

27 OHE N>R N7, CR
EEAE (per ml) 20 mg 15- 80 mg
any
Kp <1pM #+ pM
Mg H7 L, #EE H7 L, #EE
{fit& (per ml) 3’347!:" T|:l\;N 2T£2)(2)62F2.|9|Tg

100 miA HE 3C: 30,000/mg
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VI. Purity

sl

1Q800/1QTL
ﬁ

HC (mAU)

HCl g (Lo )
Purity analysis
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AKTA series

1Q800/1QTL

AKTA &ImageQuant800/ ImageQuant TL&E S — AL A (T{ELY
20X MER EPAGERSR = —15E18
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1Q800/1QTL

E‘@Display”o\ ZoomHjSPan|

& Image
Il Lanes
& BG
Ak Bands
o MW
+ Compare
% Normalize
U Quant. cCal.
A Purity 348.6032, 236.5912 mm C1 @ OD
B Results ID Lane Name
L Lane 1
L2 Lane 2
L3 Lane 3
L4 Lane 4
L5 Lane 5
L6 Lane 6
L7 Lane 7
()] L8 Lane 8
? L9 Lane 9
“
~ L1e  Lane 10

Link to Chromatogram

A 1. Import Chromatogram Curves

2. Input Sample Information

-.;- __ 144 J.l 3. Add Method Information
L10) = [ i g 4. Link Chromatogram Peaks to Lanes
| 436.0030 iR 5. Export PDF
"E' 217.1003 (s i
2 IIL S a0e: LT 11 —E Import Chromatogram
0 9.9895 1 2 299587 339533
COMMENT E’
C1,3 2

S Image Lane Table
0.0201 O Lanes Band Table
-0 . S @ Lanes and Bands Chromatogram
: ! . _
! : R e I I O None (image only) Fractions
) - T T o Lane Profile
chrom.1 UV (mAU)
Lane # Volume Band % Lane % chron.1 Run Log (Logbook)
L3 1 41.3356 9.6792 8.1679
L3 2 385.7179 90.3208 76.2181
L4 1 124.2120 15.6469  13.9535
L4 2 669.6334 84.3531  75.2238
L5 1 106.2468 15.5743  13.9919
L8 a2 E78 048D QA ADET 78 _QAT7A v

[[]] Preset Columns

AKTA &ImageQuant800/ ImageQuant TL&E S — AL A (T{FELY

20X MR EPAGEER = — & E1E
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Biacore™
BORNBRNCTERRDZEE.
Cap-tag capture
*Cap-tag: Proprietary ssDNA
«
&r. . ' “ vw " ves "
o~ TG il i
% \ _J / / /
Conjugation via Capture Binding assay Regenerate
Biacore cap-tag to sensor

=

- Simple and stable capture of tag-free proteins
- Mild immobilization method

- No need to develop attachment or regeneration conditions

- Reusable and cost-effective

ih\’

Analyze data



@ — Protein - Protein Interaction —

(Ternary interaction)

Only B-C complex showed the binding response t

: : 300 -
Structural information 4 J 1]
200 -
B-C complex § § >
_ 100 -
Protein B .
2 00 ( BorC
Protein C 2 [ No binding response
8 200 - of B or C alone Regeneration
2
Target G -300 1 Capture of Cap-tagged G
| 18
-500 -
'600 T T T T T T T 1
-600 -400 -200 0 200 400 600 800 1000
Time (s)

A combination of Protein-Select tag & Cap tag capture system is compatible.



il Amine coupling vs Cap-tag capture
HNMTI(CXF9 B Tacrine (MW=198)DtHEER
Cap-tag capture

Amine coupling
Ko BRIFTSAIHE , So=oa9u M \
AL RAH Y R AL AL faa L 2Ry AN EmAIRmax TR
SR L R R R I RS SR LAY AIEROES
- EimHIRmax
_ 11 RU—fsasdiarsecae S
8 30RU— 1ORU—>: 30RU— '
> Y ]
oy N — r T 1 - = Kp = 54.9 uM
'\ \1 (/ = '\ ‘\ \1 l/ Ei
I N g - ' ) ’) :/ = ='L_
[

- SIS T CTIT DO P E AV T U TICKDEM T DIHEND D
- Cap-tag captureld~¥ 1L RIRU B> REEILETH D
s V=AYV TUOTIIEE VW HEERS
Cap-tag capture CIIRIF(CHRIE TEDIHEN DD
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HNMTICX) 9 % Tacrine (MW=198)¢Amodiaquine (MW=356)DIEE/EFALLE

Tacrine (1h\FRICHES) Amodiaquine (2H\FRICFES)

bzﬁyzcifigﬁal\ijaxt I/X—J_/X % ﬁﬁj &%1t [_/fu_b%—
FIFE LW S TTHEMNT 5 ELVKREBICHESVE S TEMT S
EEEHrIRmax v
11RU— = ¢® 30RU— 27.5RU=
30RU— - .
e 0‘ = VR
{} g § - " Tﬁé T;Ml; Lz
o EiERIRmax
2 Ky=549uM [ { \ = :
— £ & =
- = . ) 4 ¢

» SPROL AN R(FEEZRL (IEHE(C(FEIRERZEL) LHEHIREMR
- BEH D DOEIRENE U VEIHE Tl D MEESHEMIEDEZEIRC/ED
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Connect to Structural biology

XRD SPring..8

BL45XU LU Y
v For Structural-based drug design
v Mail-in, Automation
Vv High-energy beam
BL26B1
v Routine measurement
v Micro-spectroscopy
v For R&D -

I (Chraaxu

v For supramolecular

v multi-axis goniometer
/ {* BL12B2 (NSRRC, Taiwan)

Auto-purification » Crystallization

BL32XU
v Automation (ZOO system)

Pea k-t0-|00p by Ava nt v High-energy/Micro-focused beam

v For micro crystal (< 10 micron

AW

BL41XU
v High-energy beam
v For high resolution (< 1A)

BL38B1 j
v For Bio-SAXS -~ J Cryo-EM facilit
NN J .Klos h et

v Titan Krios (300K)
v Glacios (200K)
v CRYO ARM™ 200 & 300

aaaaa

Crystallization & Liquid Handler

ARM300 ARM 200

JASRI p.

Purity analysis
AKTAMNSI0Y M5 L&A >h— U
JOvFA> )T —ALRE

| ROCKIMAGER3IED ROCK IMAGER10CO Calculation

Observation & recording .

ImageQuant TL analysis
software modules

BIREOET 5% THRIEIC

Diffraction 0.000001 mm

data set
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Weather news : 2019/3/31
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Int J Mol Sci, 2019, 20: 737
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Automated purification system to
Structural based drug design

- Crystall-based SSDB requires large amounts of protein, resulting in a routine purification work cycle.
* An automated purification system is used to ensure a stable sample supply.

Protein sample purified by automation system
* High enough purity for crystallization.
* It should be fully adaptable to

Green: target protein (enzyme)
Black mesh: Ligand (inhibitor) *confidential
Yellow: coenzymes



Lo Automated purification system
seamlessly links to various studies

Automated Purification Analysis

Peak-to-loop by Avant

Purity analysis
AKTAMNSH0% M5 A k=R
JOyFA )T -9 RE

Structural Study

ImageQuant TL analysis
software modules

BRMORVT Y% TR

*MX, Cryo-EM, SAXS ‘-)
*Structural-based drug design |

tag-free
protein

Functional Research

*Biological assay -4




Summary
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