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Structure and Function of the CO-sensing Transcriptional
Activator CooA from Carboxydothermus hydrogenoformans

CooA is a transcriptional factor and regulates the expression of the genes responsible for the carbon
monoxide (CO) metabolism. CooA is a homodimer and each subunit consists of the N-terminal sensor
domain containing a heme and the C-terminal DNA binding domain. The heme is the active site for CO
sensing. In the presence of CO under reducing condition, CO binds to the heme forming Fe(II)-CO
(CO-bound state). The CO-bound CooA binds to the target DNA and promotes the expression of the
coo operons. The previous studies carried out by using only CooA from Rhodospirillum rubrum
(Rr-CooA) and revealed the unique properties of the heme coordination structure and a crystal structure
of inactive, Fe(II) state. However, the relationship between the coordination structure of the heme and
functions and the detailed mechanism of the CooA activation have not been elucidated, yet. To further
understand of these problems, it is required to elucidate the essential factor ofthe coordination structure
of the heme and determine of structures of the active form.

The purpose of this study is to elucidate the structure-function relationship of CooA. To accomplish
this goal, she carried out the search and characterization of a new CooA homologue and determined a
crystal structure of an exogenous ligand-bound form of CooA.

This thesis consists of four chapters. In Chapter 1, the general introduction is described, in which the
background and the review of the previous studies in the related field are provided. And the purpose and
the significance of this study are also described.

In Chapter 2, the spectroscopic and redox properties of a new CooA homologue from
Carboxydothermus hydrogenoformans (Ch-CooA) were studied. The amino acid sequence of Ch-CooA,
which was deduced from the DNA sequence, showed significantly identity (31%) and similarity (55%) to
that of Rr-CooA. And Cys and His, which are proximal ligands of the Fe(III) and Fe(II) hemes (Cys75
and His77 in Rr-CooA), were conserved in Ch-CooA at corresponding positions (Cys80 and His82 in
Ch-CooA). However, the distal ligand of the Fe(IIl) and Fe(I) hemes, Pro2 in Rr-CooA, was not
conserved in Ch-CooA. Spectroscopic and mutagenesis studies revealed that the heme in Ch-CooA is
six coordinate and low spin states in Fe(Ill), Fe(II), and Fe(II)}CO forms. His82 and the N-terminal
o-amino group were the axial ligands of the Fe(IIl) and Fe(II) hanes in Ch-CooA. The N-terminal
o-amino group was replaced by CO upon CO binding. Two neutral ligands, His82 and the N-terminal
o-amino group, are coordinated to the Fe(III) heme in Ch-CooA while two negatively charged ligands, a
thiolate from Cys75 and the nitrogen atom of the N-terminal Pro, are the axial ligands of the Fe(III) heme
in Rr-CooA. The difference in the coordination structure of the Fe(II) heme resulted in a large positive
shift of the redox potentials of Ch-CooA compared with Rr-CooA. Comparing the properties of
Ch-CooA and Rr-CooA demonstrates that the essential factors for CooA function will be: (i) the heme is
six-coordinate in the Fe(IIl), Fe(II), and Fe(I)-CO forms; (ii) the N-terminus is coordinated to the ferric
and ferrous hemes as an axial ligand, and (iii) CO replaces the N-terminus bound to the ferrous heme
upon CO binding.

The crystal structure of imidazole (Im}bound form of CooA from Carboxydothermus



hydrogenoformans (Im-bound Ch-CooA) was determined in Chapter 3. The structure of Im-bound
Ch-CooA showed a two-fold symmetry and each subunit was the bent form unlike Fe(II) Rr-CooA. This
crystal structure revealed that Im bound to the heme iron as a distal heme ligand in the same site as does
CO. The dissociated N-terminus was located about 16A away from the heme iron. The heme—bdund
Im had a hydrogen bonding interaction with the carbonyl oxygen of Met5. Overall topology of
Im-bound Ch-CooA was almost the same as that of Fe(II) Rr-CooA, but there several differences between
them. The relative orientation of the DNA-binding domain was different, as described above. And the
orientation of the heme plane was also different between Imbound Ch-CooA and Fe(II) Rr-CooA. The
heme plane of Im-bound Ch-CooA was rotated by 30° and 180° about the normal of the heme plane at the
heme center and about the meso a~y axis, respectively.

Regardless of the binding of Im to the heme and the changing of the heme coordination structure,
Im-bound Ch-CooA remained in the inactive form, in which the DNA recognition helices were buried
inside of CooA. This result suggests the release of the N-terminus caused by the Im binding is not
enough to induce the drastic conformation change of CooA for activation. The hydrogen bond between
the heme-bound Im and Met5 would restrict the complete conformational change for activation. Such
restriction is absent when CO is bound to the heme in Ch-CooA. Therefore, more drastic movement of
the N-terminal region and/or of the heme may be induced by CO binding. For the CooA activation, the
CO binding will trigger the significant movement of the heme, which will be essential for the transition to
the active form, in which the HTH motif is exposed to the protein surface.

Finally, the summary of this work and the future prospects are presented in Chapter 4.
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CooA [F—#(bRE (CO) ZABMMRT 7 /¥y - T 5. THETIZHOINFHH iR
BIHEIAF TH 5 .CooA D FHIZIEL CO £ Y —DiEH RN E UTHEET 2 NLDTELE L.
AL CO DBERT B LICLD CooA DEEFHIKF & U TOFEEIFHITN TN S, T
bbb, BEASEHT T CO BELAT BHE. CO DS CooA RDOANLIZHEE L. DR CooA
BEEENEMERF L LCOFEMSE2#15 T 5. T E T CooA IZBIT BHF%EIK. JeARGHIE R
rubrum 3D CooA (Rr-CooA) ZXRE LTITHI. Rr-CooA DN LDELIMEE, NE
PR GRAEDOREFEMER EDPBEIN TN S, LELEDS, NLOENIEE L CooA O
BERERIR & DEIfR. CO 12 & % CooA iEMALD D FHME R LIz DWW T, iEMHE (CO F547HY)
OHSEDRBHATHZ 2L HH b, THBREALPLLERIN TNV D, ZTTAIMZETIE. LS
D & > 2 RIR R FREOMIAD Z 8. CooA DHEEHAEMBIZHL PIZT AL 2HE L.
Pz CooA RED T OBREITV. ZTOMER S IS ZFMICRET 72728 UFIZ
WD KD RZEEIT> TN,

AELH UL, 4 BDP OSBRI N TV S8 1 BTE AMEOER2ZHETI L I,
BE T BIELBTOMZEREEZHH L. S S5XAMEOHNEBHBII OV THBARTWS, &
2EF T, HHl CooA RET T OWREITV. FEWVE—BLIRFBRIGME Carboxydothermus
hydrogenoformans FIZHHR CooA RED Y (Ch-CooA) DHFELET AL ERNVWHLE, &
512, Ch-CooA DRILAEMET L L L HIZ. TORUUREML Uz, HIES < 406k
S IHBAYEE (NMR), S HRIRING Yk EOSREAEFR L. BETFITHEN
FHRIC L D BEE AR BEF T 5 2 12 L b 8 51 7= Ch-CooA DM EMBIHETT 5720
X 51T Rr-CooA DIFFSHER & Ll - MET 35 Z 12 & D CooA W@ L TRES T 5
BEES M L. CooA OHEERIICLEDOHEEZIFS I LTV 5, 8 3E T, Ch-CooA
OFSRIEEOMIHZ BN L L, FESRILEHOBMET 21T > T\ 5, BiERKRISGOmRE
BTV X R4S RS IZ 8 L 7= Ch-CooA BfEROF Rt Z RVWH Uiz, 22 Tl
AEBENLFTH B A IV =)V (Im)DNAIZEEE LTz Ch-CooA DFEE L. B X UHERERAE
WHITLU T W3, 3512 BohzMEEd LIl CooA OFEMHIHEIC OWTOELRRZIT
2TWN5, BABETEH, AR TCHLNHRERIET 2L b, SROMED G

DNWTHIBRTUNB,
SO N AITHER D B ERFH MRS I —MOFM X L LTI THB b, BFEAIC
DNWTH A AKBEIZEL TR EHMI L, ChoDZehrs, BEAZBEREISE-HTH
PRSI L (%) OBRSIET PO LHE L,



