Foundational advances in RNA
engineering applied to control
of bilosynthesis

Christina D. Smolke
Division of Chemistry and Chemical Engineering

California Institute of Technology

February 11, 2008
MEWG: Interagency Conference on Metabolic Engineering




The role of feedback control in biosynthesis
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Applications of engineered biological systems
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Applications of engineered biological systems
Metabolic engineering
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Native BIA pathway
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Late Synthetic BIA pathway
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Production of 6-O-Methyl-norlaudanosoline
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Production of 3’-Hydroxy-N-methylcoclaurine

HO

HO

HO

(R,S)-Norlaudanosoline

HO ¢) O
O NH 60MT O NH CNMT O N—
HO HO |
HO l
HO

(R,S)-6-O-Methy!-

(R,S)-3’-Hydroxy-N-

norlaudanosoline methylcoclaurine

] Intens. Jy5.

1 1053

] 1780 m/z=178
i 3
2 2851 HO ~

1 4 HO

E U '1'2l3ll' '1'4?.1| T 'l' LI S '2|5A3l0' T |" 1 m/2=123

. 50 100 150 200 250 300

1 HO

6-O-Methyl-norlaudanosoline (MS 302)

ot ] Intens.
ol ]

E 1920
0.8 4_
0.6 H 2-

285.0 —

o.At i _ Illzf"ll ‘1:113‘1 :Ilﬁil(l) LI | _ | ll I‘I | m/Z—123
0.2 5|0 l(l)() 1&0 Z(I)O ZE!JO 300
. 3’-Hydroxy-N-methylcoclaurine (MS 316)




Production of (R S)-Reticuline
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Optimization of (R,S)-Reticuline production
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Optimization of (R,S)-Reticuline production
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Optimization of (R,S)-Reticuline production
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Enzyme level dependence:
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Optimization of (R S)-Reticuline production
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BIA synthesis beyond reticuline — berberine branch
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BIA synthesis beyond reticuline — berberine branch

(S)-Reticuline

 BBE HO:‘iE& SMT :(E&CYPH-QAO

(S)-Tetrahydro-

(S)-Scoulerine
columbamine

7 . (@]
10 Scoulerine 1779~
2 HO N
m/z=328 OH
14 O2/790 311.0
162.9 ‘U 9g6.0 311.
TSR Wl oA IBUS Ny TN S
- 150 200 250 300 350
Do ,
€| Tetrahydrocolumbamine o
> 177.9 -
(@)
O o N
S m/z=342 HO
< (0]
> AN
=
n 14 ‘ ~
% 162.9 191.9 o 294.0 310.0 327.0
= T S Y WO W W 2
E 150 200 250 300 350
6 .
X10%| Tetrahydroberberine °
2 175.9 <
o N
m/z=340
9%
1_
O/
148.9
292.0 308.0 323.0
LI B T T T T T T T T T T 'MAI sh 'M' "I
150 200 250 300 350
A T A A _‘_,_,,_,._,_.--"_'-\'—-._._v_,_
T T T T

= Time (mins)

O
O_
O O_

(S)-Tetrahydro-
berberine

PsBBE

TISMT

TICYP719A



BIA synthesis beyond reticuline — morphine branch
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BIA synthesis beyond reticuline — morphine branch
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Tools for optimizing BIA production
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Tools for optimizing BIA production
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General control system
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General biological control system
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A ribozyme switch platform for up-regulating expression
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A ribozyme switch platform for down-regulating expression
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Integrating RNA devices as noninvasive sensors of
metabolite concentration
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Integrating RNA devices as noninvasive sensors of
metabolite concentration
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Scalabillity challenge: libraries of nucleic acid sensors

Random pool

aptamer “!

O  Target
/ Repeat % ® of interest
g % Jlncubate

Enriched B
= bind wide range of ligands  aptamer pool - § 4Pa”"'°”
Amplify %% § W
= high specificity and affinity W
Bound pool
Q@ - g™

= generated through in vitro Unbound pool
selection process aptamer
selection scheme



Specificities of BIA-binding aptamers

Specificity Profile
200
169%
150 A
c
o 100% 100%
)
S100 4 —i
NI o T1%
2 NI NN
50 - e NN
NI 24% BOas
.......... 16%
0 e L
() Q () Q () ()
£ c c = k= c
) © = ) © =
5 ¢ 8 £
FC5 FC45
HO
\T/R‘a\\\
/,,-f;-’f’\l
%
"r,,__ \\/I\N’
H D\\"‘pll - ‘\«f”f;j’
codeine thebaine morphine

FC5 FC45
GGA
A U
U U .
G
Cn G cU~A
C.G U
GIU A
A U
8 GC cC.cG AR
U.G G U 'UG
A "
C.G
G U 0
GG A CU. IG G
A.U G g°
C.G che 'C
A.U C3,
G:C
G:C
G 3’

51

K, (FC5L) = 4.55+0.14 uM Kd (FC45L) = 2.59 + 0.09 pM

High-throughput SPR-based
characterization strategy enables
rapid screening for mini-aptamer
sequences and structural analysis

Win MN, Klein JS, Smolke CD. 2006. Nuc Acids Res. 34: 5670-82.



Integrating synthetic metabolic networks and RNA-
based control systems

Metabolic pathway engineering requires a host of tools for
optimizing flux and product accumulation

User-programmed feedback control systems are useful for
dynamically controlling flux through pathways

Developing new genetically encoded tools for receiving,
processing, and transmitting molecular information

Response properties can be programmed to fit the
performance specifications of a given application

These technologies will advance the engineering of more
robust cellular systems
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