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Hydroxynitrile lyase (Hnl)

R1 HCN R1 OH
\ N 7
C=0 C*
/ RN
R2 R2 CN

S-selective: Hevea brasiliensis

R-selective: Prunus spp.
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(S)-Hnl of Hevea brasiliensis and
(R)-Hnl of Prunus amygdalus

Hb_Hnl

e Type Il Hnl

e intracellular protein

e 29.2 kDa

e homodimer

e o/ hydrolase fold protein
e catalytic triad

e (S)-selektive

Pam_Hnl
Type | Hnl
secretory protein
61 kDa ( 57.9 kDa)
Homology to oxidases
FAD
N-glycosylated
isoenzymes
(R)-selektive
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3-D structure of Hb_HNL
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Intracellular Hnl Expression
in Escherichia coli

Translational Coupling

sD Ncol
G AATAAGGAGAATAAACOATGGCATTC
Met.......... AsnLysGluGlul * |MetAlaPhe Hnl ORF

mini-cistron

oHNL-200
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FIG. 2. Native polyacrylamide gel electrophoresis of crude soluble
fractions of cell lysates of Hnl expressing transformants. Proteins
were electrophoresed in 7.5% gels and stained with Coomassie blue
(a) or transferred to membranes for immunostaining using polyvclonal
anti-Hnl antiserum (b, c). Lanes 1a, b: S. cerevisiae W303D/pMA91;
lanes 2a, b: S. cerevisiae W303D(pHNL-300) (transformant Soluble
ScW303D-HNLZ): lanes 3a, b: P. pastoris G5115 transformed with
pHIL-DZ; lanes 4a, b: P. pastoris G5115 transformed with pHNL-
400 (PpD1-17); lanes 5a, b: E. coli XL1-Blue (pSE420); lanes 6a, b:
E. coli XL1-Blue (pHNL-200); lane lc: soluble fraction of refolded
inclusion bodies of E. coli XL1-Blue/pHNL-200. Hnl-specific bands
in (a) are indicated by arrows.
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Intracellular Hnl Expression in
Saccharomyces cerevisiae and Pichia pastoris

ATTATTCG&CGAGGCCETGGCATTC

EcoRl etAlaPhe Hnl ORF

AAAGATCCCCCGGGCTGCAGGAATTCCATGGCATTC
etAlaPhe

Ba\mHI/BgII

Hnl ORF

pHILD?2

OMA91

PHNL-400 pHNL-300
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' Secretory Hnl Expression in

Saccharomyces cerevisiae and Pichia pastoris

MFol-leader

Xbal

GGGGTATCTCTCGAGAAAAGAGAG CATTC
GIyVaISerLeuGIuLysArgGlu 1aPhe

Hnl ORF

N

P.pasto;/ls AOX1 Promoter

/

S.cerevisiae PGK Promoter

pHNL-401

OHNL-309

pHILD?2

OMA91

\ector
basis




MOL.911 Molecular Biotechnology | ﬁTU
Grazm

. Secretion-targeted Hb Hnl accumulates in the
cell periphery

intracellular secretory

—> Direction of a naturally intracellularly expressed protein into the
secretory pathway leads to accumolation in the cell membrane
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Hb-Hnl expression in filamentous fungi

— Py Hnl ORF Tope ——
— P Hnl ORF T ——

PUCEHNL  pAOXHNL
— P& Hnl ORF

PGLASSIHNL

—[Pgia SS gia2a Hnl ORF Tupc
p***HNL-pyrG
— . ol ORF e
SS gla24

gpd: A.niger glyceraldehydephosphate dehydrogenase

gla: A.awamori glucoamylase
uce: unknown constitutively expressed gene, P.chrysogenum

aox: P.chrysogenum alcohol oxidase
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Intracellular Hnl Expression in
Penicillium chrysogenum under control of P,

Termination Problem

AOX: Penicillium chrysogenum Alcohol Oxidase
pAOXHNL

Hnl ORF

PAOXHNL-Ta

Hnl ORF

PAOXHNL-TaT
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Southern analysis of
Penicillium chrysogenum P,,, transformants
1234567 891011 1 2 3 4 5 6 7 8 910 11
F: | —— =
- &
- ot LR
5 "‘E': e rasll pAOXHNL-TaT
l .-
A
B
% . .
. Multiple ectopic

~ s sy iNtegration

SR ! ! PAOXHNL-Ta
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Northern blot analysis of
Penicillium chrysogenum P,,, transformants

PAOXHNL-TaT

1 2 3 4567809101112131415 1 2 3 4567 8 910111213 14 15

Hnl probe

"' . v.'..o..' Actin probe
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Western blot analysis of
Penicillium chrysogenum P,,, transformants
—> Protease Problems
Total cellular proteins - SDS PAGE Western blot with Hnl Antibody
1 2 3 4 5 6 7 8 910
1 2 3 4 5 6 7 8 9
; , — !
- - w97 kD
o - PAOXHNL-TaT - oD
— B " E W= 45 kD
o ".'-“':" 66 kD w31 D
45 kD
- o ‘ g . 21KD
~ A B " wer 14KD
§ v 97 kD
- pAOXHNL-Ta 3 e
b o 45KkD
:_ w— ¥ 31kD
R = 21kD
e T e

!'. .
~

Degradation!
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Expression analysis of
Penicillium chrysogenum P, transformants

Hnl Expression

AOX Promoter Activity Test pAOXHNL-TaT negative control

uidA: Reporter gene,
B-glucuronidase

AOX::uidA fusion - . |
2% lactose pH 8 : | :
— i o | 7
Blue colour = f:leavage of X-Glucose M wee  NIAS
by B-glucuronidase X ! _
vi. 2 3 4 5 6 7 8 9 10 #-/
" ¥ ¥ E] F ]
’{’ i; '7 ". ﬂaa H purified HNL
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Gene replacement in Pichia pastoris at AOX1

Ndel (79781
ColE1

Notl

5 AOX1
B FcoRI(957)
Q. 3A0XITT

AOX1 promoter

e HIS4 selection marker Hlor
e AOXI1 transcription
termination signal AmpR
e 3’ AOX1 region
e AmpR
e F1ori Noti  \ © His4
e ColE1 replicon 3 AOXT
Sphl (4493/)/
5‘Proxi NGeneom TT HIS4 3‘A0X1 Muts

X e
— T
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Pichia pastoris Hb_Hnl expression strain 1-17
Fed-batch fermentation

—A— Cell density
—— Hnl-activity | -
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Pichia pastoris Hb _Hnl expression strain 1-17
Fed-batch fermentation

Fermentation time (hours after induction)

0 15 27 29 49 63 79 87 97 ST 111 119 135 145 151 159 169 194 ST

Soluble proteins in cell extracts
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19 Heterologous Hnl Expression
(shake flask experiments)

cytosol purified enzyme total per
Construct Host (U/mg) (U/mg) culture
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Production of Hb_Hnl
with Pichia pastoris Expression System
( Fed-Batch Fermentation)

Cell wet weight 400g /1|
Cell dry weight 100g /|
Total protein 56g /|
Hnl protein 23g /1

Hnl units 1.4x10° /|



(S)-Hnl of Hevea brasiliensis and
(R)-Hnl of Prunus amygdalus

Hb_Hnl

e Type Il Hnl

e intracellular protein

e 29.2 kDa

e homodimer

e o/ hydrolase fold protein
e catalytic triad

e (S)-selektive

Pam_Hnl
Type | Hnl
secretory protein
61 kDa ( 57.9 kDa)
Homology to oxidases
FAD
N-glycosylated
isoenzymes
(R)-selektive
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Pam_Hnl5: Secretory Expression of
Prunus amygdalus (R)- Hnl in Pichia pastoris

Endo H 1y Endo F
e Host: Pichia pastoris GS115 d nu o

e Alpha factor signal sequence 97 kDa

66 kDa

eMut®and Mut*

Transformants - 39 kDa
-

e Functional secretory
expression

27 kDa

f

21 kDa

 highly glycosylated

4

14 kDa
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High-level Expression Clone D1-17 - ??7?

Super expression strain D1-17 Hnl wt

—> great success with expression
Standard expression clone

Engineered Hnl Proteins
- do it the same way !

High expression levels were

Not Reproducible !!
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High-level Expression Clone D1-17 - ??7?
ATTATTGGAACGAGGCCATGGCATTC Hnl ORF
KreidilaPhe "

pHNL-400

Intracellular Hnl Expression
in
Pichia pastoris

Not the Problem !

Hasslacher et al., Prot.Expr.Purif., 1997
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Molecular Analysis of Expression Strain

Southern blotting

3.130 kb

0420 Lk
i 550 kh

4.355Lh

1.322kh
2.0231h

0.564 kh 01564 kb

HNL probe AOX1 Probe

Strange Fragments

— More than one Copy Integrated 2> How ??
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Molecular Analysis of Expression Strain
~ 400 bp Deletion

/

Hnl Hnl
A 383 bp A 29 bp

Tandem Integration — head to head (divergent)

' p
AOX1 AOX1

3 copies of Hnl,
— 1 standard Integration in AOX1 Locus
— 2 truncated, in a head to head oriented AOX1 Promoter Fragments
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Expression analysis

Expression

phhAOX561(-HbHNLwt)

e I 2

phhAOX915(-HbHNLwt)

vA¢ vAg
— IHE

PAOXGRAZlang(-HbHNLwt)

I 2 se2es
PAOXGRAZshort(-HbHNLwt)

el &

pPAOXGRAZtotal(-HbHNLwt) = single copy
meeeessss——- 00 et

D 1 . 17 < Ad>< AdM»AdM Ad>
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A

-880
GICCATICIC
CAGGTARAGAG

-200
TCCTICTICIC
AGCGAGRAGRG
HSF
-720
ITCCTICIAT
AAGGRAGATA

-640
TTTCCGARTG
ARAGGCTTAC

ACRCATAAGT
TIGTGTATICA

CTCAACACCC
GAGTTIGTGGG

TAGGCTACTA
ATCCGATGAT

CARCAAGCTC
GITGITCGAG

-960
AGATCTAACA
TCTAGATIGT

GCCRARCGCA
CGGTTTGCGT

ACTTTTGCCA
TGARRACGGT

ACRCCRTGAC
TGTGGTACTG

TCCARAGACG
AGGTTTICTIGC

ACRGGRGGGG
TGTCCTCCCC

TCGARRARCC
AGCTTTITIGG

TTTATTAGCC
ARARTRATCGG

CGCATIACAC CCCRACARTCR

GCGTAATGIG

GGCTIGTAGT

Rapl

- Specific complex ??
— Concerted action of activators ??
— Repression-active site deleted ??

Specific genomic setup

-88
ARAGGTTGAR TGAARACCTIT TTIGCCATCCG ACATCCACAG
TTITCCAACTT ACTTTGGARA ARCGGIAGGC TCTAGCICGIC

Hapl

-801
ATACACTAGC AGCAGACCGT TGCARACGCA GGACCTCCAC
TATGTGATCG TCGICTGGCA ACGTTIGCGI CCIGGAGCTG

HSF

=721
AGCCCAGTTA TTIGGGCTTIGA TTIGGAGCICG CICATICCAR
TCGGCTCART AACCCGAACT AACCTCGAGT GAGTARGGTT

Hap2/3/4/5 (2x) abah

-641
TGICTATICCT GGCCCCCCIG GCGAGGTTCA TGITIGITIA
ACAGATAGGR CCGGGGGGRC CGCTCCAAGT ACARACRRAT

STRE

=561
CTCCAGATGA GGGCTTICTIG AGTGIGGGGT CAARARTAGTIT
GAGGTCTACT CCCGAAAGAC TCACACCCCA GITTATCAAA

Adrl

Hartner et al., Nucleic Acids Research, 2008, Vol. 36,

w
A =2
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“hh”- Expression vector

ColE1 ori G‘— I
CYC1 transcription termination Bglll (2)
EcRV (7578) / Hindl1 (74)
Bgll (7445) / 117 hhag4llong
Zeocin . BgH(676)
EM7 promoter N /137 hhaoxl short
(13 (11
Z PAOX1-“hh " Hindlll (1413)
TEF1 promoter  EccRI (1484)
ECRV (6610) Ndel (1527)
phhAOX 561-HbHNL wt HOHNL wt
W
8568 b
3’ AOX1 P Notl (2269)
Xmni (6164) Xmnl (2280)
Ehd (5801) . 3 AOX transcription termini
Ehd (5687) . HindIl (2615)
Ehd (5666) Hind111 (2627)
Xmnl (5160) “ N EcRV (2785)
\ Kpnl (3225)
His4 | Bgll (3622)
Xmrl (3728)
\
Ehd (3766)

\

Kpnl (3837)
sall (4211)
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Expression of Hb_Hnl mutants in Pichia pastoris

Super expression strain D1-17

Standard expression clone

Novel expression clones Modified

hh-AOX1-based promoter
System

Intracellular Expression
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Screening for High-level Expression

Screening systems based on principle of translational coupling

Well known in Prokayotes Does it work in Eukaryotes ??7?

P rox: Hb HNL Sh ble 3’-AOX1

ZeocinR E

@ | i
5'Cap  ATG /\ stop | 3" PolyA
/ ,Stop Start

...NNNUGA
‘ Bicistronic system
Hb Hnl 1 mRNA, 2 Proteins Q

Veeresh Juturu, PhD Thesis

Sh _Ble
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Correlating Hnl expression to zeocin resistance

AT e Veeresh Juturu,
TR = ' o et PhD Thesis

Increasing
Zeocin
Concentration

BMMS 4.9x10% /

BMMS 4.9x10% BMMS 4.9x104 BMMS 4.9x10%,
50 pg/ml 100 pg/ml 150 pg/ml
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Hnl expression
Screen for High Resistance —— Check for Expression Level

1 2 3 4 5 6 7 8
A 50 mg/L Zeocin
B
C & 150 mg/L Zeocin
D
E ,. Controls
F

- + ++

Single copy D1-17

Row A - Clones from BMMS 50 pg/ml Zeo

Row C = Clones from BMMS 150 pg/ml Zeo

Lane 1D-1F - GFP expressing strain (- control)

Lane 4D-4F - P. pastoris HNL single copy strain (+ control)
Lane 8D-8F = P. pastoris HNL multi copy strain (+ control)



