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Classical Fusion Enzyme Channeling Complements Enzyme Assembly for Enhanced Cofactor Recycling

OH

NanopartiCIe-CIUSte red Inte rmed iary Chan nel i ng ? ."OH )O\Hn,OH @ 52500 @ -625 D Configurations: @-aD @-GDH @ -LDH <P - Blocking peptide Azoo_fold excess
°H gy 8.5 PR © °®2®  peptide/QD addition

OH o 1 - - D-Glucose Lactate <P - Blocking peptide > S 0 > @’ @-r o ®-° [ 23 _ o
Tom e oty 3 e 5, Channeling in the 3E Cascade = Daba Channeling e 8 S ) e f TXXR elwess " enhanced individual

o LysC A Aot acaed to this > > 3 Wl
= @ T D £ GDH and LDH on-QD
25 M QD R NADH . g o k.ot @ further 2- and
-termi OH

o
=
o

D
o
o
o

e
o
©

NH, O NH, O NH, O
4000
5nM QD 3000 el cat

Fumaric Acid i i H
Aspartic Acid Aspartyl Phosphate Aspartate Semialdehyde
O e 1) n
S . ) @RS | | 1.5%, respectively,
HO™

Aspartokinase lll (E. coli) @D 2-ketoglutarate 4-aminotransferase
(Acinetobacter baumannii)

@ Aspartate-f3-semialdehyde @ L-2,4-diaminobutyrate decarboxylase
dehydrogenase (E. coli) (Acinetobacter baumannii)

[<2]
(=]
o

Lactate [uM]

e
o
)

Glu
Aspartate ammonia-lyase (B. subtilis) Fusion Enzyme (Vibrio cholerae) @
$:G-KG
(o)
O

o

o pyruvate o 1L yream ERiE & o = above that seen just
D-Gluconoc-)'II:IS-Iactone | °’1§3 :rr: o _: - j J B 0’133 E:: i 8 by QD dISpIay tO a
0 | " ue " A maximum of ~10-fold

10000 20000 30000 'R E : GDH enhancement

NH, NH;
2 Enzyme Cascade: — @D Diaminobutyric Acid

3 Enzyme Cascade: — —-
Ddc
o,

[NADP*] (0M)

S
o
o

awAzug pasn wouy Bujjsuueys
3

e
)

4 Enzyme Cascade: — — @ —

5 Enzyme Cascade: — 00— HNT""NH, : : : : :
1,3-Diaminopropane 5000 10000 15000 20000 25000 30000

e Two channeling processes coexist and manifest independently e g So8h
e Dramatic increase in flux and yield of DAP (>80% conversion) L T A HO Indicates the enzyme _ % Indicates the enzyme _
. T . . m n ! : "’ b . 1 OH blocked from assembling blocked from assembling
e Achieved an initial rate 43x that of the freely dlffusmg and non- COm pal'l ng Channel ] ng Between ) OH OH 10 nMGDH: 2.5 nM LDH : 5 nM QD 10 nMGDH: 2.5 nM LDH : 20 nM QD
fused enzyme cascade yielding ~10x the amount of DAP. Positively charged residues D-Gluconic acid
the 5E and 4E Cascade J. Breger, E.R. Goldman, K. Susumu, E. Oh, C.M. Green, |.L. Medintz and G.A. Ellis; Nanoscale, 2023,15, 10159-10175

Initial rate of NADP™ formation (OM/sec)

e
o
=)

[NH4CI] (OM) i O, 358 o ASHE  } 0 hrs

OH OH O

[DAP] - no shaking
[DAP] - shaking
[DAB] - no shaking
[DAB] - shaking

I 4E cascade
mmmm 5E cascade

-
o
o

80 -

Comparing the
Different
Cascades

[«
o

60 -

% Conversion
o o (=] o o

Acknowledgements

+E AspBsDaba The authors acknowledge the Office of Naval Research (Award N0O001421WX01580), the US Naval Research Laboratory (NRL),

_ ' | I‘ ' and the NRL Nanoscience Institute for funding support. J.N.V., S.L.H., and W.P.K. acknowledge NRC Fellowships through NRL.
. 0 me =l | |.L.M. and G.A.E. acknowledge the National Institute of Food and Agriculture, U.S. Department of Agriculture, under Award #2020-

2E 3E 4E 5E 4E Free 4Eon50nM QD 5E Free 5E on 50 nM QD 0nMQD 5nMQD 20nMQ@D 50nM QD 0 5000 10000 15000 20000 25000

Multienzyme pathway QD concentration Time (sec) 67021-31254, and the Strategic Environmental Research and Development Program (SERDP), under Award # WP21-1073 New
S.L. Hooe, T. Tschirhart, S.A. Walper, J.C. Caruana, E.R. Goldman, K. Susumu, E. Oh, S.N. Dean, J.C. Breger, I.V. Schweigert, |.L. Medintz and G.A. Ellis 9 P 9 ( )

(under review) Start Project (W74RDV03497379). DISTRIBUTION STATEMENT A. Approved for public release. Distribution is unlimited.

(=2}
o

40 -

f-N
o
Concentration [JM]

Concentration [OM]

20 -

N
o
% Conversion fumarate to DAP

% Conversion of limiting reagent




	Slide Number 1

