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MetaBoAlouocg PetivoAng - all-trans-retinol dehydrogenase

EttAoyn avtidpaongtou evdupou 1.1.1.105 kabwc uttapxouv tepltocotepa BiBAloypadika HTS assays
Kegg Reaction: R02124

RHEA: 21287

all-trans-retinol + NAD(+) <=> all-trans-retinal + NADH + H(+)
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Amax ~ 380 nm (visible range - violet -> oAV opLaKé)


https://www.kegg.jp/entry/1.1.1.105
https://www.kegg.jp/entry/R02124
https://www.rhea-db.org/rhea/21287

High Throughput Assay — Enzymatic Activity

Anoppodnon tou NADH/NADPH ota 340 nm (UV spectroscopy)

v Apeon artoppodnon NADH/NADPH ota
340 nm

v’ Linear range : 3.4-400 nmol
v KaAUtepo yia peydieg moootnteg xwpic dilution.
v Real-time continuous

Aev elvalL apketd evaiocbntn oe pikpegmoootntec NAD(P)H

Aev eival davikn yua high-throughput screening, apyn.
MapepPBoAeg ( oe BroAoyika deiypata hemoglobin, xoAepuBpivn,
AVOPYAVEC EVWOELC OTIWCE Puodopoc, VIKEALO, XPWHLO)

44

Katot duo eivat
avamnapaywylyeg, aAAa to WST-

8 Beswpeital e§alpeTKO yLd
screening.

UV-spectrophotometric assay (340 nm)
(measurement of NAD(P)H absorption at 340 nm)

o Reaction mixture (1 mL total volume)

-5-0-7—

Substrate NAD(P)* Total reaction
(20 mM Tns-HCl) (e.g. glucose  (NAD* or NADP*) (dehydrogenase) volume (1 mL)
or G6P)

e Enzymatic reaction

” Enzyme (dehydrogenase) 3
{m@) i ; pmmJ

9 Measure absorbance at 340 nm
@ Monitor the increase in A4

Read absorbance
at 340 nm
(Azeo)

in real time for 30 min (for GDH)
or 10 min (for G6PD) at 37 °C
or 25 °C, respectively.

1.0
0.8 -

3

<

g 0.6

£ o 4

£ 02; Rate of NAD(P)H formation
ob (AA;40/min)
=y 10 20 30 is proportional to

Time (min) dehydrogenase activity.




High Throughput Assay — Enzymatic Activity

Colorimetric WST-8 assay (450 nm)

(indirect measurement via WST-8 reduction)

WST-8 colorimetric assay

v MoAU TTo svailoB ntn “éeo 00¢ €D Reaction mixture in 96-well plate (150 pL total volume)
AvixveUel TToAU pikpeg moocotnteg NADH o
* LOD =0.32 nmol (Colorimetric WST-8) + + + + —> /5888
* LOD= 1.65 nmol (UV pebodog) Buffer  Substrate  NAD(P)*  Enzyme  WST-8/1-mPMS Total reaction
5 $opEQ HeyaAUTEPN sULOBNia ol e N e o
‘/ NMoAU kaAo Z’ factor (O 9—099) €) Enzymatic reaction
v KAt NAn ywa High Throughput Screening NAD(P)® _(etyirgemase) | + Products
/ , . ' ' Substrate
ZU “ BQTI’] “8’ screeni ng T[OMLUV O'UVG r] KWV / 9 WST-8 reduction by NAD(P)H in the presence of 1-mPMS
v UTTOC TP WHATWYV NAD(P)H I NAD(P)*
Y ~$0.35/react|on’ | | o ?—<
To WST-8 umopeiva artobnkevtei otoug 4°C ewg Kal ON/N\ O »/@
1 Xpovo. N=N SOy Na*
OCH3 QOCHa Orange color
O:N Amax 450 nm
L WST-8 J WST-8 formazan
* ;e . ’ o Incubate
Mwpo linear range : 0.4-19 nmol NAD(P)H (Apa oe sss5885) Incubate at appropriate temperature ‘
v ’ I3 . . (37 °C for GDH or 25 °C for G6PD) %
vPnNAEC ouykevIipwoelg xpetalovtal dilutions) |SE55EE88S for 60 min (GDH) or 10 min (G6PD).
* End P oint ass ay 9 Measure absorbance at 450 nm (endpoint) -
, . . . , . e lololereleor X X )
B Suxvd xpeldZetatincubation apKeTWY AETITWV R hintanc OO0 ®. |
, , . at 450 nm (A;s0)- Q O OﬁQ @ 0@
® MapepBoléc anod reducing agents (DTT, B : —
merca ptoet han O'.) Amount of formazan formed (A;s)
. . is proportional to NAD(P)H produced
w
Fructose interference (Background Signal) and to dehydrogenase activity.




NAD(P)H Detection Assay — Droplet Based Microfluidics

o Enzyme variant

9 Produces NADH

NADH oxidase
converts NADH — H,0,

Each droplet contains Enzyme variant catalyzes NADH oxidase converts
a different enzyme reaction to produce NADH into H,0,
variant NADH
b NADH ~
bia NADH: H,0
-» o0 —> 0% - o i
) @9 “4, oA P
&) \_/'
NH, NADH
« Encoded variants l
AT B
« One variant per droplet "
variant per drop SR e P H,0,
« Co-factors, buffer, o o o=y 0—0’
substrates
NADH
HO OH H
Peroxidase/H.0,
H,C” 0
Amplex Red Resorufin

10-acetyl-3. T-dihydroxyphenoxazine
{Mon-fluorascent)

T-hydroxy-IH-phenoxazine-3-one

(Flugrascant)

/

Horseradish Fluorogenic dye Droplet sorter
PemXidase becomes fluorescent selects brightest
uses H,0, droplets

Horseradish peroxidase Oxidized intermediate Droplet sorter detects
(HRP) uses H,0, to converts fluorogenic dye fluorescence and selects
oxidize substrates into fluorescent product the brightest droplets
Non- ﬂuotescenl Fluorescent Brightest
dye (selected)
H202 HO ==
"’(9» (s _“ CO»
no pei | —
, | :; ’
i ¢ ‘;l ! Remainder
- - | ! ® ‘(d scarded)
\ J /
Oxidized Non-fluorescent  Oxidized  Fluorescent —
intermediate dye intermediate dye
H,0, HRP

o ®-0) o b

—_— 2 N o

« Laser excitation
« Fluorescence detection
« Sorting based on

brightness

4 Z-factor =0.822

NADH oxidase: SmNOX
Cell lysate
Amplex UltraRed > Resorufin
(EX/Em =568 nm/ 581 nm)

-

/ 6




FADS: Workflow Overview

From Cell Preparation to Sorted, Active Variants

Component

HRP

Lysozyme
Polymyxin
Amplex UltraRed
EGTA

EDTA
Potassium phosphate pH 7.8
SmNOX
Substrate

NAD

H20

e Master Mix

(Dispersed Phase)

%

Concentration

4
2

4
04
0.01
0.02
50
30

U mL"
mg mL-"
mg mL-"
mM

mM

mM

mM

% (viv)

As needed

5

mM

To desired volume



2,4-DNPH Colorimetric Assay for Ketone & Aldehyde Detection

PROTOCOL (96-WELL FORMAT)

Absorbance at 490 nm* (acetone)
Read within 30 min

PRINCIPLE

2,4-DNPH contains a benzene ring, two nitro groups, and a hydrazine

group. 'E [Acetone] determination *\varies by compound
It reacts with the carbonyl group (C=0) of ketones and aldehydes under ¢ _\
acidic  conditons  (H;PO,), forming a  coloured 2,4- ‘ — ar f

dinitrophenylhydrazone adduct (yellow - orange - red).

*
s | v 490" nm
¢ - 195 pl sample N - .
s 5 uITDNPﬂ 2 min U 5 min

Mix carefully Incubation Detection

Does NOT react with: amides, esters, carboxylic acids, or alcohols >
selective in fermentation broth.

Bioproduction of acetone in Ecoli with biological or synthetic

KEY CONDITIONS & REAGENTS pathway

Cell Supernatant Preparation:
AEEEIIE 20 T 24 DN P T (R 2 0) i ieln) Transformed Ecoli Cultures with vectors (rhamnose inducible

Volume ratio: 195 pL sample : 5 pL reagent expression):
pPSEVA4318 (control) pS4318MKc pS4318MKs

* 24h fermentation in 10 mL minimal M9 medium (10 g/L

Detection range: 25-500 mg/L (Milli-Q) | 10-200 mg/L (LB medium)

Solubility note: Low solubility at neutral pH > read within 30 min to glucose, streptomycin 100 pg/mL, 1 mM rhamnose)/LB
avoid precipitation medium, 200 rpm
Matrix effect: LB medium narrows range but does not prevent

* Coolat4°Cfor1h + centrifuge 5000 g (15 min)
Cell density: ODgy,= 0.05 (dilute in fresh medium)

quantification



NAD(P)H Detection Assay for all-trans-retinol dehydrogenase

Buffer 10-20 mM -) NAD* non-specific reduction
Tris-HCl or Sodium Phosphate pH=7.4
Substrate 250 mM (10x km) (-) enzyme spontaneous retinol oxidation
All-t tinol

rans retino (-) substrate NADH-independent signal
Cofactor 1mM
NAD* Blank buffer Plate background
Enzyme * Crudecell lysate [E] =20-50 pg/ well
all-trans-retinol dehydrogenase *  Purified enzyme [E] =0.2-1.0 pg/ well e |ncubation: at 32°C -37°C for 10-30 min
WST-8 (Tetrazolium salt) 200 pM * Absorbance at 450 nm (measurement)

, * 96-well plate

1-mPMS (electron mediator) 8 uM

* Reaction/Storage under dark conditions
Total Volume (per well) 150 pL * All-transretinol stockin DMSO (£1%)
* Use of detergent: Triton-X (no interfernece)

b ‘ S{w Reaction in progress Measure absorbance
“ E? (Incubation for 37°C for at 450 nm
Enzyme Reaction 10 min)

(Cell lysate) T mix

— =
Plate reader
96-well plate



Thermofluor Assay - Differential Scanning Fluorimetry (DSF)

(- O
DSF Principle

Folded protein > Partial unfolding > Unfolded state

Hydrophobic regions become exposed

Sypro Orange binds exposed hydrophobic patches

Fluorescence increases during thermal denaturation
Tm = midpoint of protein unfolding transition

L

~
/ \ -:‘ . ' S
Experimental Setup =\ 0 /’
Protein: purified enzyme V
Protein amount: 0.3-2.8 pug PUﬁ;tggz?me
Volume: 20 pL/well
Dye: 5x Sypro Orange ) —
Plate: 96-well qPCR ]
Ramp: +1°C/min \/ ]
Range: 25-95 °C (apprx.) Spyro O:ange Dye
5x Total Volume

Conventional DSF
{DSF using hydrophobic dye)

; : caHu
{—/_ b

folded
protein g}% - . Spyro Orange Dye
Hydrophobic
protein dye +
(Svora Orance) * .

Simple, fast screening method
High-throughput assay

—— .

DHRS4_CAEEL (BL21(DE3))

200 muNaCH

L

20 pLiwell

qPCR 96-well plate real time PCR
+1 <C/min Tm Calculations
25°C-95°C

Simultaneous screening of (de)stabilizing buffer/salt conditions (shift thermal stability)

Application: identification of optimal conditions for: storage, crystallization experiments, purification

Kisiela, M., Faust, A., Ebert, B., Maser, E. and Scheidig, A.J. (2018), Crystal structure and catalytic characterization of the dehydrogenase/reductase SDR family member 4 (DHRS4) from Caenorhabditis elegans. FEBS J, 285: 275-293.

https://doi.org/10.1111/febs.14337



Thermofluor Assay - Differential Scanning Fluorimetry (DSF)

230000 1DHRS4 'CAEEL
225 000

200 000

175 000 Water
150 000

e
125000 - /
100 000 1 /

75 000 e —

NADP*

Fluorescence

2.5 mm 2,3-heptanedione
50 000 + NADP*
25000

20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
10 000

5000

Fluorescence

d(Fluorescence)/dT
o

~

-5000 -

-10 000

20 25 30 35 40 45 5 5 60 65 70 75 80 8 90 95 :
Temperature (°C) 55 60 65 70 75 80 85 90 95
0

Temperature (°C)

40 60 80
Temperature (°C)

Kisiela, M., Faust, A., Ebert, B., Maser, E. and Scheidig, A.J. (2018), Crystal structure and catalytic characterization of t he dehydrogenase/reductase SDR family member 4 (DHRS4) from Caenorhabditis elegans. FEBS J, 285: 275-293.

https://doi.org/10.1111/febs.14337




- All possible single Expression in E. coli

177 purified mutants

Temperature

HIGH-THROUGHPUT DSF (THERMOFLUOR) WORKFLOW USED IN AALBERS et al., eLIFE 2020

0 Computational o Library construction 9 Cell lysis o Purification DSF / ThermoFluor 0 Data analysis Hit selection
prescreening & expression screening & combination
(FRESCO) y His-tag purification

e (Ni-NTA) — ; @

e CORCOOOe0 /)
Q > i - |gsesseses) | ¢
~ as urrer: / I/ 9
= ‘ 2 O0O0OOPOO0// g
g S 50 mM Tris-HCl pH 7.5, [ecececcec// 5
Site-directed mutagenesis 5 mM imidazole — o e

(QuikChange) /
\ Elution buffer: +

mutations analyzed NEB 10-beta Resuspend cells in ggomnl\&;' ::ﬁ::lz:: 7 sa:eened in duplicate :::a;c; :::b;!z;\i::g
(4,503 total) Vector: pBAD 50 mM Tris-HCI using DSF Determine apparent T,,, 2

- Selection: AAGg,y < -5 N-terminal His6-tag pH7.5 (melting temperature) Combine beneficial
kJ/mol Cultivation: l Instrument: as midpoint of unfolding mutations stepwise

« 1 mL TB medium / well (volume ~1 mL)
« 5% (v/v) overnight preculture
« Induction: arabinose

+ 38 h, 24 °C, 250 rpm

« MD simulations (YASARA) transition

and manual filtering

BioRad CFX96 Touch (M2 — ... > M9)

Real-Time PCR system
(FRET mode)

Desalting / buffer exchange
into 50 mM Tris-HCI pH 7.5

Calculate AT, relative Final optimized mutant:

177 mutations selected to wild type (WT) M9* (AT,,, = +45 °C)
« 4 x 96-deepwell plates
S - S
DSF ASSAY (ThermoFluor) — Experimental details
SAMPLE MIX PER WELL (total volume: 20 uL) PLATE SETUP THERMOCYCLER PROGRAM PRINCIPLE OUTPUT
i Component Final conc. 96-well Pc:a‘:la-ts:élel.)g" BioRad Step Condition Folded protein Unfolded protein 100 - :
—> ! P 4
- Purified enzyme ~0.2 mg/mL 12 3 A 4 8.8 5 Y NN ! nitisl frotd SCfordmin L ﬂi & C\f"\ § /
(mutant) (= 2—4 pg) » 00000000000 2 Temperature ramp 25 °C —» 95 °C \g;/\) <
L elolelelelelelele]ele) ¢ «— - C 8 {
SYPRO™ Orange dye 1x Heolelelelelelelelelele) Ramp rate 1.0 °C/min Cooling - & 8 S0 = estes o e v
(5,000x stock in DMSO) (1 pL) N elolelelelelelelelele) (continuous acquisition) e © @ o7, S /A
L olololelelelolelele]e) @00@ SYPRO Orange '0909 § / i
50 mM Tris-HCI q.5.10 20 L. i elelelololelolelele, 3 | Fwescancs read || (EAET Moce ’ = " Gl
H7.5 HOOOOOOOOOOO (excitation ~485 nm / Low ~ Bound 7 i- T (apparent)
pH 7. = =2 ) emission ~530 nm) fluorescence High fivorescence & — !
Notes: Q Mutant (duplicate) + Finat hold 95 °C for 1 min 20 40 60 80 100
- SYPRO Orange working solution: dilute 5,000x stock 1:5,000 in : Binding of SYPRO Orange to exposed hydrophobic Temperature (°C)
@ WT control (duplicate) surfaces upon unfolding resuits in increased

buffer to obtain 1x dye solution.
- Protein concentration range typically 0.05-0.5 mg/mL for DSF.

Instrument: BioRad CFX96 Touch

Real-Time PCR system (FRET mode) fluorescence.

(O Buffer + dye (no protein)

SCREENING RESULTS (from paper)

« 177 mutants screened in duplicate

COMBINATORIAL ASSEMBLY

Stepwise combination of 10 mutations
2 o s o r 2 4 Iy ko = 7 X
ﬁ‘ S man, - > So— S A
o, o, V" G, o < o B £ o
WT M2 M3 M4 ]

Additive increase in T,

FINAL OUTCOME

M9* (without S197E)

- 26 gave no reliable signal (expression / low yield) [ 56 stabilizing (AT,, > +1 °C) Apparent T,,, = 88 °C
+ 151 mutants evaluated [1 52 neutral (-1 < AT, < +1 °C) (AT, = +45 °Cvs WT)

¥ B 43 destabilizing (AT,, < =1 °C) - Activity restored close to WT

(kear and Ky, naop+ ~ WT)

- Half-life at 37 °C:
WT~2h | M9* ~ 11 days

25 mutants with AT, = +3 °C — activity counter-screen — 10 beneficial + active

Theoretical: +56.5 °C Observed (M9): +51.5 °C

Buffers used throughout: 50 mM Tris-HCl, pH 7.5 | All DSF measurements in duplicate | Total protein per well: ~2—4 pg in 20 pL



HT-DSF / ThermoFluor Assay Protocol - EC 1.1.1.105 (all-trans-retinol dehydrogenase)

CellLysis Buffer

Ka@apiopog Mutants mpiv to HTS-DSF 50 MM Tris-HC (pH 7.9
EC 1.1.1.105 (all-trans-retinol dehydrogenase) 5% éwg 10% glycerol

1mM €wg10 mM MgCL2
+0.25 mg/mL Avoodlpng

ﬁ R T R s R
St !-Iarve§t 9 Cell Lysis e Clarification
Centrifugation
Centrifuge
e 4,000-6,000 = : - -
g ©° Re?us?enfj pellet in e Speed: 15,000-20,000 g
e 10 min lysis/binding buffer & Tiia Gl
% 45 e Temperature: 4°C
e Collect supernatant

e P e J J

\ 4

G ™
@) Ni-NTA Affinity Purification
* IMAC e Removal of Imidazole: PD-10 desalting (gravity flow)
e Wash Buffer:
50 mM Tris-HCl pH 7.5 e Telwkn kaBapdtnta (gel filtration):
5 mM imidazole 50 mM Tris-HCl pH 7.5
e Elusion Buffer:
50 mM Tris-HCl pH 7.5 e SDS-PAGE yia éAeyxo kaBapotntag kat peyéboug
300 mM imidazole
- P




HT-DSF / ThermoFluor Assay Protocol - EC 1.1.1.105 (all-trans-retinol dehydrogenase)

THERMOCYCLER PROGRAM ACTIVITY COUNTER-SCREEN
sl i EC:1.1.1.105:

all-trans all-trans * Xpnowormtotei NAD+/NADH (co-factor)
Instrument: 1. Raw fluorescence curves : : . ' . ,
BiRad eE 06 T60ch retinol EC 1.1.1.105 retinal o MS[JBpClVlKr]Q CI)UOT]C RDH isoform (u'r[opg[
Real-Time PCR System 100% + NAD* va Tmapovuolalel aggregation xwplg nAmo
(FRET mode) .- BT koo detereeny
[ O s ANM\NAeTUS A pE retinoids Ttou £xouv LPNAR
o= @ Buffer (no protein) , ,
=) B +NADH + H*  gualoBnola oto dwgkat otnv oéeidwon
o
% 50% 4———4—4_J_] ® Mutant1
@ 1 Mutant 2
2
S B Mutant N
Step Tem?fcra;ture Time Rate 5
Buffer DSF Enzyme Concentration
@ nitial hold 25 2 min = |~ Tm (apparent) :
0 ' L i 50 mM Tris-HCLl pH 9 0.1-0.5 mg/mL
. . 20 40 60 80 100 150 mM NaCl lowg: 0.2 mg/mL
a Temperatureramp 25 — 95  Continuous ~1.0 °C/min Temperature (°C) 5% glyCGI'Ol.
[0)
Fluorescence read 0.005 /0 D DM D YPR ran
(FRET mode) - = = Commercial stock:
Ex 485 nm / Em 530 nm
2. Determine T, (apparent) 5000x
. : Assay: 1x (Tpl
O Final hold 95 Fmin - T,, = temperature at 50% unfolding (midpoint) Cofactor y (1u
0.1-0.5mM
Totalvolume : Ta plates kaAumtovtal ye
& Lid temperature: 95 °C 20 pL foil yla mpootacia anoé ¢wg
€D Total run time: ~70-80 min 3. Calculate ATr, Kat o&eidwon

AT, = Ta(mutant) - T, (WT)
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