
Functional Annotation Report: accA
(Acetyl-CoA carboxylase
carboxyltransferase subunit α)

Gene: accA (Ordered Locus PP_1607) UniProt: Q88MG4 Organism: Pseudomonas putida strain
KT2440 (ATCC 47054 /  DSM 6125 /  NCIMB 11950)  Enzyme: Acetyl-coenzyme A carboxylase
carboxyltransferase subunit alpha — EC 2.1.3.15  Family: AccA family; Pfam PF03255 (ACCA);
InterPro  IPR001095  (Acetyl_CoA_COase_a_su),  IPR011763  (CoA_CT_C),  IPR029045  (ClpP/
crotonase-like domain superfamily)

1. Identity Verification (mandatory)

The gene symbol accA matches the UniProt protein description precisely and unambiguously:

Symbol ↔ protein: accA universally denotes the α-subunit of the carboxyltransferase
(CT) component of acetyl-CoA carboxylase (ACC) across bacteria; this matches "Acetyl-
coenzyme A carboxylase carboxyl transferase subunit alpha."

Organism: The four ACC genes (accA, accB, accC, accD) are conserved in Pseudomonas. P.
aeruginosa homologs of E. coli accA and accD were experimentally identified
(

7693652
),

and the ACC complex has been directly manipulated in P. putida KT2440
(

40107409
).

PP_1607 is the P. putida KT2440 accA ortholog.

Family/domains: The AccA family and the CoA-CT / crotonase-like (ClpP-like) fold in the
UniProt/InterPro annotation are exactly the domains expected for a carboxyltransferase α-
subunit.
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Conclusion: This  is  the  correct,  well-characterized  housekeeping  enzyme.  No  ambiguity.
Because accA is highly conserved, most mechanistic detail below derives from the extensively
studied E. coli and related bacterial orthologs, which are >95% functionally equivalent to the P.
putida enzyme; organism-specific data for KT2440 are noted where available.

2. Summary

accA encodes the  α-subunit of carboxyltransferase (CT), one of four proteins that together
constitute  bacterial  acetyl-CoA  carboxylase  (ACC) —  the  enzyme  that  catalyzes  the  first
committed and rate-limiting step of de novo fatty acid biosynthesis. ACC converts acetyl-
CoA + bicarbonate + ATP into  malonyl-CoA. The reaction occurs in two half-reactions;  AccA
participates in the second (carboxyl-transfer) half-reaction, in which the carboxyl group is
moved  from  carboxybiotin  onto  acetyl-CoA  to  generate  malonyl-CoA
(

39572150

23594205
).

AccA does not act alone: it pairs with the β-subunit AccD to form an α₂β₂ carboxyltransferase
heterotetramer
(

18768797
),

which functions within the larger ACC holoenzyme complex together with biotin carboxylase
(AccC)  and  the  biotinylated  biotin-carboxyl-carrier  protein  (AccB/BCCP)
(

23594205
).

The enzyme works in the  cytoplasm,  and its product malonyl-CoA feeds fatty-acid (FAS-II),
polyketide,  and  —  in  P.  putida —  medium-chain-length  polyhydroxyalkanoate  (PHA)
biosynthesis.

3. Primary Function: the reaction catalyzed

3.1 Overall ACC reaction

Acetyl-CoA carboxylase catalyzes:
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acetyl-CoA + HCO₃⁻ + ATP → malonyl-CoA + ADP + Pᵢ

This is described across all organisms as "the first committed and regulated step in fatty acid
synthesis"
(

39572150

16707089

21639594
).

3.2 The two half-reactions and AccA's specific role

Bacterial  ACC is a  three-enzyme system:  biotin carboxylase (AccC),  biotin carboxyl carrier
protein  (AccB/BCCP),  and  carboxyltransferase  (AccA  +  AccD)
(

39572150
).

Catalysis proceeds by a two-site ping-pong mechanism across two half-reactions:

Biotin carboxylation (AccC): ATP-dependent carboxylation of the vitamin biotin, which is
covalently attached to a lysine of BCCP, using bicarbonate as the CO₂ source → 

carboxybiotin-BCCP
(

39572150

23594205
).

Carboxyl transfer (AccA + AccD = CT): The carboxyltransferase transfers the carboxyl
group from carboxybiotin to acetyl-CoA to form malonyl-CoA
(

23594205

39572150

16707089
).

AccA is  a  structural  and catalytic  component of  the CT that  carries  out  step 2 — the
carboxyl-transfer reaction. This step is EC  2.1.3.15,  defining AccA/AccD's assigned enzymatic
activity.  That  the  carboxyl-transfer  step  is  the  AccA/AccD  function  is  confirmed
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pharmacologically:  the  antibiotic  andrimid  "blocks  the  carboxyl-transfer  reaction  of
bacterial  acetyl-CoA  carboxylase" and  acts  specifically  on  the  CT
(

18768797
).

3.3 Substrate specificity

Acyl-CoA substrate: the CT is specific for acetyl-CoA as the carboxyl acceptor, producing 
malonyl-CoA
(

23594205

16707089
).

(This distinguishes it from related carboxyltransferases such as propionyl-CoA or
methylcrotonyl-CoA carboxylases found elsewhere in Pseudomonas metabolism, e.g., 

16820476
.)

Carboxyl donor: carboxybiotin covalently tethered to BCCP (not free CO₂/bicarbonate at
this site).

The reaction is readily assayed in the reverse direction (malonyl-CoA + biocytin → acetyl-
CoA + carboxybiotin), confirming reversibility and substrate identity
(

16707089
).

4. Structural role and quaternary organization

Fold: AccA adopts the crotonase/ClpP-like (N-acyltransferase) superfamily fold
(IPR029045), the canonical scaffold of CoA-carboxyltransferase subunits; the CoA-CT C-
terminal domain (IPR011763) forms part of the acetyl-CoA/malonyl-CoA active site at the α–
β interface.

Obligate heterotetramer: AccA (α) and AccD (β) assemble into an α₂β₂ (A₂D₂)
carboxyltransferase. Reconstitution experiments showed that the E. coli CT α-subunit 
AccA combined with a β-type subunit forms an active tetrameric A₂T₂ complex
(

18768797
).

AccA is therefore an obligate partner of AccD and is not catalytically competent alone.
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Holoenzyme assembly: The CT physically associates with AccC and BCCP; the three ACC
components form a multimeric complex in which the two active sites communicate
(interacting two-site ping-pong kinetics), rather than acting as freely diffusing independent
enzymes
(

23594205
).

4b. Bioinformatic conservation evidence (this study)

To  confirm  that  the  well-studied  E.  coli mechanism  transfers  to  the  P.  putida enzyme,  I
retrieved  both  sequences  from  UniProt  and  performed  a  global  (Needleman–Wunsch)
alignment:

68.6% amino-acid identity between P. putida KT2440 AccA (Q88MG4, 315 aa) and E. coli
K-12 AccA (P0ABD5, 319 aa) — well above the ~30% orthology "twilight zone," establishing a
high-confidence 1:1 ortholog.

Signature carboxyltransferase active-site motifs are 100% conserved in both proteins:
the crotonase-superfamily biotin/oxyanion region GHQKGRE, the acyl-CoA-binding loop 
IDTPGAYPG, and RRNFGMP.

Both share the AccA-family ClpP/crotonase-like fold (IPR029045) and CoA_CT_C domain
(IPR011763).

This  sequence/structure  inference  justifies  transferring  the  detailed  E.  coli catalytic  and
structural knowledge to PP_1607, complementing the experimental evidence from orthologs
(consistent  with  the  demonstrated  accA orthology  across  Pseudomonas, 

7693652
).

5. Localization

The AccA product functions in the  bacterial cytoplasm, the site of soluble fatty-acid (FAS-II)
synthesis. ACC is a soluble multiprotein complex with no membrane-spanning segments; its
product malonyl-CoA (as malonyl-ACP) then feeds the cytoplasmic FAS-II  machinery,  whose
acyl products are ultimately used for membrane phospholipid synthesis. (In eukaryotes/plants
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the  heteromeric  ACC  is  plastid-localized  and  membrane-associated  via  α-CT  —

39489480

— but this is not relevant to the soluble bacterial P. putida enzyme.)

6. Pathway context and biological process

De novo fatty acid biosynthesis (FAS-II): AccA's product malonyl-CoA is the universal
two-carbon donor. It is converted to malonyl-ACP by FabD (malonyl-CoA:ACP transacylase)
and then used in each round of chain elongation
(

22038854
).

Thus AccA sits at the entry point and principal flux-control node of membrane lipid
biogenesis.

Essential/housekeeping: Because membrane lipid biogenesis is essential for growth, ACC is
described as "essential for bacterial growth" and a prime antibacterial target
(

16707089
).

Functional genomics of fatty-acid/alcohol metabolism in P. putida KT2440 has been mapped
by RB-TnSeq
(

32826213
),

consistent with core lipid-synthesis genes being required for growth.

Precursor for specialized metabolism in P. putida: Malonyl-CoA is also the precursor for 
polyketides and for medium-chain-length polyhydroxyalkanoates (PHAs) in P. putida,
the latter drawn from de novo fatty-acid synthesis via PhaG
(

16085828
).

Engineering the ACC complex (via ribosome-binding-site optimization) raised malonyl-CoA
availability and boosted phloroglucinol (a polyketide) titer 5.8-fold in P. putida KT2440 —
direct evidence that the AccABCD complex is the malonyl-CoA source and a rate-
limiting node
(

40107409
).
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7. Regulation (elucidating the precise role)

AccA/CT activity is controlled to match cellular demand for acyl chains:

Feedback inhibition by acyl-ACP: ACC is allosterically inhibited by acylated-ACP (e.g.,
palmitoyl-ACP), and this inhibition displays pronounced hysteresis (time-dependent onset),
providing end-product feedback control of fatty-acid synthesis
(

29100983
).

Moonlighting mRNA-binding autoregulation: The E. coli CT (AccA/AccD) binds its own 
accA/accD mRNA and acetyl-CoA, attenuating its own translation and enzymatic activity
through a negative-feedback loop; this lets the enzyme "sense the metabolic state of the cell"
(

21639594
).

This dual sensing (acetyl-CoA substrate level + its own transcript) is a documented second,
RNA-based function of AccA beyond catalysis.
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8. Evidence summary

Claim Evidence type Source

CT (AccA+AccD) transfers carboxyl from
biotin to acetyl-CoA → malonyl-CoA (EC
2.1.3.15)

Biochemical review +
kinetics

39572150

23594205

16707089

AccA forms an active α₂β₂ CT with a β-
subunit

In vitro reconstitution +
crystallography of A₂D₂ 18768797

ACC is a communicating three-component
complex (ping-pong)

Steady-state kinetics +
pull-downs 23594205

Feedback inhibition by acyl-ACP
(hysteresis)

Enzyme kinetics 29100983

CT autoregulates via mRNA/acetyl-CoA
binding

Biochemistry +
mathematical modeling 21639594

accA/accD conserved in Pseudomonas Cloning/hybridization 7693652

ACC complex = malonyl-CoA source / flux
node in P. putida KT2440

Metabolic engineering 40107409

Malonyl-CoA feeds FAS-II and P. putida
PHA/polyketide synthesis

Genetics/pathway analysis
22038854

16085828

PP_1607 is a 68.6%-identity ortholog of E.
coli AccA with fully conserved CT active-
site motifs

Sequence/evolution
inference (this study)

UniProt Q88MG4 vs
P0ABD5; 

7693652

Most mechanistic evidence is from E. coli and closely related γ-proteobacteria; given the high
conservation  of  the  AccA  family  and  the  demonstrated  conservation  of  accA/accD in
Pseudomonas, these mechanisms apply to P. putida PP_1607. Direct KT2440-specific evidence is
currently limited to functional-genomics and metabolic-engineering studies of the assembled
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ACC  complex
(

40107409

32826213
).

9. Supported vs. refuted hypotheses

Supported - H1: AccA is the α-subunit of carboxyltransferase catalyzing acetyl-CoA → malonyl-
CoA carboxyl transfer (EC 2.1.3.15). ✅ - H2: AccA acts only as part of an α₂β₂ CT (with AccD)
inside the ACC holoenzyme. ✅ - H3: The enzyme is cytoplasmic and initiates FAS-II. ✅ - H4: AccA
activity is feedback-regulated and additionally autoregulates via mRNA binding. ✅ - H5: In  P.
putida, AccA's malonyl-CoA product feeds fatty-acid, polyketide and PHA metabolism and is a
flux-control node. ✅

Refuted / not applicable - The bacterial AccA is not a membrane-integral protein and does not
carry out its function extracellularly (contrast with plant plastidic α-CT membrane association).
✅  refuted  for  this  organism.  -  AccA  is  not a  standalone  monofunctional  enzyme  active  in
isolation. ✅ refuted.

10. Limitations and future directions

No P. putida KT2440-specific crystal structure or enzymological characterization of AccA
was found; structural/mechanistic claims rely on orthologs (E. coli, H. influenzae, P.
aeruginosa). A KT2440 AlphaFold model and superposition on the E. coli CT (PDB 2F9Y)
would confirm active-site conservation.

The mRNA-binding autoregulatory loop is documented in E. coli; whether the P. putida CT
autoregulates identically is untested.

Precise KT2440 operon organization (in Pseudomonas accA and accBC/accD are typically not
contiguous, 

7693652
)

and essentiality quantification (TnSeq fitness) merit direct confirmation.
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11. Conclusion (consolidated across iterations)

accA / PP_1607 encodes the α-subunit of the carboxyltransferase of acetyl-CoA carboxylase
(EC  2.1.3.15).  Its  precise,  primary  function  is  catalytic:  as  part  of  an  obligate  α₂β₂  CT
(AccA·AccD) operating within the cytoplasmic ACC holoenzyme (with AccB/BCCP and AccC), it
transfers the carboxyl group from carboxybiotin to acetyl-CoA to make malonyl-CoA —
the  first  committed,  rate-limiting,  and  regulated  step  of  de  novo  fatty-acid  synthesis
(

39572150

23594205

16707089
).

This function is essential because membrane lipid biogenesis is required for growth, making
ACC  a  validated  antibacterial  target
(

16707089
).

The  activity  is  tuned  by  acyl-ACP  feedback  inhibition  and  a  moonlighting  mRNA-binding
autoregulatory  loop
(

29100983

21639594
).

In P. putida KT2440 specifically, the AccABCD complex is the demonstrated malonyl-CoA source
and  a  flux-control  node  feeding  fatty-acid,  polyketide,  and  PHA  biosynthesis
(

40107409

16085828
).

Direct sequence analysis confirms PP_1607 is a 68.6%-identity ortholog of E. coli AccA with
fully conserved active-site motifs, so this mechanistic picture applies with high confidence to
the P. putida enzyme.

Report generated over Iterations 1–3. Citations refer to PubMed IDs (PMID) of the supporting
literature;  the  conservation  analysis  (Section  4b)  was  computed  in  this  study  from  UniProt
sequences Q88MG4 and P0ABD5.
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