Multienzyme Complexes: Catalytic Nanomachines

Beyond the catalytic face, enzymes have two additional faces: requlatory
and social.

The requlatory site binds a ligand that modifies the rate and specificity of
the enzymes.

The social face associates the enzyme with other components, such as a
membrane or a scaffold, or complexes with other enzymes.



The sociology of complexes

complex 1 complex 2
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Interactome connectivity of EcoCyc PPls and proposed bacterial AP-MS interactomes.

(A) E. coli EcoCyc 1,549 PPIs (B) D. vulgaris Shatsky 459 PPIs (Q) E. coli Hu revised 391 PPIs
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Cell extracts for the structural characterization and identification of
molecular species
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Image processing steps to reconstruct electron optical
densities from native cell extracts.
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M. smegmatis
Native purification
106 884 particles

7.5 A resolution
(FSC=0.5)

2.45 A pixel size
EMD-2238

M. tuberculosis
Recombinant
40 160 particles

3.3 A resolution
(FSC =0.1.43)

1.05 A pixel size
EMD-0011

S. cerevisiae
Native purification
~25 000 particles

5.9 A resolution
(FSC =0.143)

1.14 A pixel size
EMD-1623

C. thermophilum
Cell extract

3933 particles

4.7 A resolution
(FSC =0.143)

2.16 A pixel size
EMD-3757
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Structure of the yeast 60S ribosomal subunit
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The Nobel Prize in Chemistry 2009 was awarded jointly to Venkatraman Ramakrishnan, Thomas
A. Steitz and Ada E. Yonath "for studies of the structure and function of the ribosome."
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TABLE 9.2 The constituents of yeast RNA polymerase Il

Number of
components

Pol Il 12 Polymerase

TFIIA 2 Stabilizes TBP and TFIID binding. Blocks transcription inhibitors. Positive and negative gene
regulation

TFIIB 1 Binds TBP, Pol Il, and DNA. Helps determine start site

TFIIDTBP 1 Binds TATA element and bends DNA. Platform for assembly of TFIIB, TFIIA, and TAFs

TFIID TAFs 14 Binds INR and DPE promoters. Target of regulatory factors

Mediator 24 Binds cooperatively with Pol Il. Kinase and acetyltransferase activity. Stimulate basal and activated

transcription
TFIIF 3 Binds Pol Il and is involved in Pol Il recruitment to PIC and in open complex formation

TFIIE 2 Binds promoter near transcription start. May help open or stabilize the transcription bubble in the
open complex

TFIIH 10 Transcription and DNA repair. Kinase and two helicase activities. Essential for open complex
formation

SAGA TAFs 5 Unknown

SAGA Spts, Adas, Sgfs 9 Structural. Interact with TBP, TFIIA, and Gen5

SAGA Gen5 1 Histone acetyltransferase

SAGATral 1 Large activator protein. Part of the NuA4 HAT complex

SAGA Ubp8 1 Ubiquitin protease

Table 9.2 How Proteins Work (©2012 Garland Science)
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Figure 9.13 How Proteins Work (©2012 Garland Science)



coupling of enzymes
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Multienzyme Complexes: Catalytic Nanomachines
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Channeling

cofactors and extra substrates

Figure 9.14 How Proteins Work (©2012 Garland Science)
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enzyme complexes with tunnels

a,B, heterotetramer.
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Structure and mechanism of tryptophan
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competitive inhibitor

Figure 9.2b Molecular Biology of Assemblies and Machines (© Garland Science 2016)
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ammonia as intermediate

Asparagin synthase

Carbomoyl phosphate synthase

Glutamate synthase

Imidazol glycerol phosphate synthase

GPAT

(P)—0—CH, o H
AN

5-Phosphoribosyl
OH OH 1-pyrophosphate (PRPP)

Glutamine
glutamine-PRPP

amidotransferase Glutamate
PP,

(P)—0—CH, o NH,

H H/N, 5-Phospho-g-

B p-ribosylamine

OH OH

glutamine  glutamate

H,0 PP,
@ o ATP AMP @
HsN 0 ‘ , H3NWNH2
© ©
CO; O CO;, O
aspartate asparagine
AT ADP /—\(from Gln) o
o o -NH3 P; HO /
HO-\C// &Z HO\C// o U \C\/
\ cPs Q\ i cPs NH,
o- ) 0—>P o
phosphorylation \"~o- emmonia displaces
of bicarbonate ‘o the phosphate
Bicarbonate Carboxyphosphate Carbamic acid
ATP ADP e 0
0o 0.
O/ \ / f:p/o\c/
oF
CPS NH
NH2 phosphorylation :
Carbamic acid Carbamoyl phosphate
o
o o o o~ o o
¢’ C —|NH, C ol
CH, CH, CH CH,
CHy, + CH, > CH - CH,
cC=0 H—C — NH} H —C —NH§ HC NHj
C C. C C
4 N
(o] (8= (o] o~ (0] o~ (0] o~
«-KG Gin Glu Glu
Saunders College Publishing
N/\ N—Ribose-(F)
H
Q
AN
HN
HisH (::H" HisF H‘?‘OH I/\N-Rlbose-(:)
1 118
Gln + H,0 NH; + CemO »  H-C-OH +
H-C-OH CH,-0-® HN N,
~ H-C-OH - “
Glu i H,O0 ImGP AICAR
CH,-O

PRFAR



structure and mechanism of CPS
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Multienzyme Complexes
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oyruvate dehydrogenase complex

A huge molecular complex links three sequential reactions for energy production
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Pyruvate Dehydrogenase Deficiency
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peripheral subunit binding domain (PSBD).

Structure
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Active-site coupling

(@) simple expectation
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Mechanism on E3
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a-ketoglutarate dehydrogenase
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E3 domain (which regenerates E2 and therefore does not interact directly with the ketoacid) is
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glycine decarboxylase

TCA
cycle &

Succinyl-CoA

R Ha COO~
C b
NH*
2— Q /
07 \O =
0]
Xt
N CH5
H

Berg et al., Biochemistry, 9e, © 2019
W. H. Freeman and Company

Cco, THF
<I:H2-NH; NH,
coo” A CH,THF
Glycine
NADH + H" NAD®
B Internal aldimine External aldimine
H H
H— é coo’ Lys H— <|: coo LVS‘.@
H +\
fj/CH -0-PO? I/ﬁ/CH -0-PO?
+
AN
H
| Hs. ..sH
H—CC00 %
—_— /'E\ —_— /
\CH

O

CH,-0-PO? fj/CH -0-PO?
CHY NN

z\\

Iz

Glycine Decarboxylase

~ (GLDC)
(9(:l®|-|2
H N H-protein
H2N\(|: o -CO, H SCH + H-protein Pyridoxal
oSy o ' = 5 gt e
I +CO; = | OPO;2 - H-protein | phosphate
OH CH,
ANC)
H NH,
Glycine H-protein-S-aminomethyl

dihydrolipoyllysine




glycine decarboxylases

oxidized
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pyruvate carboxylase

(A) 0
Iiid [ADP 0
N )K
HCO;__ A%’ C—N NH PR I -

bicarbonate 2 el B * H

f P

@ NN AN

S H 0

BCCP domain
potential arm span of ~30 A

carboxylase domain

\

Glucose Cytosol  TNADH/NAD

Pyruvate
LDH ADH
NAD
Mitochondria
Lactate

lNADH/NAD Aini .
Urea ininosuccinic

Pyruvate NHs cycle acid

Citrullin/'

Acetyl-CoA k T
OAA

Glutamine
v \
NADH Aspa ate\Glutamate

h Acetoacetate
k: NADH
NAD

AA
3-OHbutyrate o

alate 4/

i C i
LRV ... » Respiratory
Lo |m m L J v [ Shain

NADH
FADH2

0 O -

| I) P s

¢ Xand—c
<) Yo

pyruvate (enolate)

l

0 _
(0]
% I
¢—CH,—C—C
/ AN

0
oxaloacetate

carboxyltransferase domain



BC, biotin carboxylase; BCCP, biotin carboxy carrier protein;
AD, allosteric domain; CT, carboxyltransferase domain
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fatty acid synthases
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Determination of fatty acyl chain length
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Fatty acid
degradation

There are four ACDs that differ in their
specificity for the length of the acyl group
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Substrate channeling in FAO complex
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polyketide synthases
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STARTER AND EXTENDER UNITS
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non-ribosomal peptide synthases

Nonribosomal peptide synthetases (NRPSs) are large multimodular biocatalysts that utilize
complex regiospecific and stereospecific reactions to assemble structurally and functionally
diverse peptides that have important medicinal applications.

During this ribosome-independent peptide synthesis, catalytic domains of NRPS select, activate
or modify the covalently tethered reaction intermediates to control the iterative chain

elongation process and product release.
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non-ribosomal peptide synthases
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