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Table S1: Strains, plasmids and oligonucleotides used in this study. 
Strain/plasmid Relevant characteristics Source/

reference
C. necator 
HF574

∆hoxG, ∆hoxC, ∆hoxB, ∆hoxC¸ MBH–, RH–, SH– [1]

C. necator 
HF574 (pGE567)

RHStrep overproduction [1]

C. necator 
HF574 (pJS98)

RHE13Q (HoxBStrepHoxCE13Q) overproduction This work

pCH1124 Amp, ColE1 ori, PSH-hoxBstop-Strep-tag II-hoxC [1]

pEDY309 TcR , RK2 ori, Mob+ [2]

pJS98 CnRH E13Q, mutagenesis via Gibson assembly, 2.2 kb 
PCR product amplified with primers SFP96 and 
2_#60_fw using pCH1124 as template, 3.3 kb PCR 
product amplified with primers #SFP95 and 
4_#59_rev using pCH1124 as template, SpeI/HindIII-
cut pEDY309

This work

Primers Sequence (5´-3´)
SFP96 CAGGCATCGTGGTGTCAC *
2_#60_fw GGTTCACCTCGAGGTCGCCCTGAACGCGGTTGAACGGC *
SFP95 GCCATACCAAACGACGAGC *
4_#59_rev GCCGTTCAACCGCGTTCAGGGCGACCTCGAGGTGAACC *

* Oligonucleotides were purchased from Sigma-Aldrich.
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HoxC (53 kDa)

HoxB (32 kDa)

Figure S1: SDS-PAGE analysis of the RHE13Q variant purified via Strep-Tactin affinity chromatography. Three different 

amounts of purified protein were loaded to the gel: E1 (2 μg), E2 (4 μg), and E3 (6 μg). The prominent band at approximately 

53 kDa corresponds to the large subunit HoxC, while the smaller band at around 32 kDa represents the small subunit HoxB. 

Additional lanes include the supernatant of the cell lysate (S1), the flow-through (FT1), and the wash fraction (W). The 

Precision Plus Protein™ Dual Color Standard (BIO-RAD; range 250–15 kDa) served as molecular weight reference.
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Figure S2: Solution-phase resonance Raman spectra (80 K, excitation at 568 nm) of RHE13Q (top, blue) and native RH 

(bottom, red). Spectra are normalized with respect to the intensity of the CO stretch band at 1954/1946 cm−1. The data of 

native RH are reproduced from ref.[3] © 2024 The Authors. Published by Elsevier Inc. 
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Figure S3: Effect of the reduction protocol on the RHE13Q variant. IR absorbance spectra of RHE13Q, recorded at 298 K after 

(a) treatment with H2 alone and (b) with H2 in the presence of sodium dithionite (NaDT). Panel (a) illustrates reoxidation 

events at the [NiFe] active site, where a significant portion of the reduced Nia-C state reverts to the Nia-S intermediate. The 

corresponding IR difference spectra (bottom) highlight the rapid conversion of the reduced Nia-C species back to the Nia-S 

state within minutes. In contrast, IR data of the H2/NaDT-treated sample (b) show that RHE13Q retains a reduced [NiFe] active 

site, which can be clearly visualized in the IR difference spectra (bottom). The νCO and νCN bands are labeled with their 

corresponding wavenumbers. * in a reflects traces of an unknown species. Nia-SR´/´´ subforms in b were enriched upon 

prolonged exposure of RHE13Q to H2 and NaDT (see also Fig. 3).
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Table S2: Active site redox states observed for native RH and the RHE13Q variant at 
different temperatures.

RH 
variant

Temp.
(K)

Redox 
State

νCO 
(cm–1)

νCN

(cm–1)
νCN

(cm–1)
Ref.

native 298 Nir-B 1963 2097 2089 [4,5]

E13Q 298 Nir-B 1969 2096 n.d. This work
native 298 Nia-S 1943 2080 2071 [2,6,7]

E13Q 298 Nia-S 1952 2084 2075 This work
native 90 Nia-S 1946 2082 2073 [7]

E13Q 90 Nia-S 1948 2082 2071 This work
E13Q 90 Nia-SQ 1956 2086 2076 This work
native 298 Nia-SR 1948 2057 2047 [4,7]

native 298 Nia-SR´ 1935 n.d. n.d. [8]

E13Q 298 Nia-SR 1956 2061 2045 This work
E13Q 298 Nia-SR´ 1934 n.d. n.d. This work
E13Q 298 Nia-SR´´ 1920 n.d. n.d. This work
native 298 Nia-C 1961 2082 2071 [4,7]

E13Q 298 Nia-C 1969 2085 2074 This work
E13Q 90 Nia-C 1967 2085 2072 This work
E13Q 90 Nia-CQ 1972 2088 2074 This work
native 90 Nia-L1 1911 2056 2037 [7]

E13Q 90 Nia-L1 1915 2057 2035 This work
E13Q 90 Nia-L1Q 1921 2061 2041 This work
native 90 Nia-L2 1914 2060 2044 [7]

E13Q 90 Nia-L2Q 1917 n.d. n.d. This work
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Figure S4. EPR spectra of reduced RHE13Q and native RH and the corresponding power saturation data. EPR spectra recorded 

at 90 K (a) and 10 K (b). At temperatures below 10 K, the EPR spectrum of reduced native RH usually shows the characteristic 

broadening and partial splitting of the Nia-C signal and a distinct impact on the spin relaxation, which arises from the coupling 

with a nearby paramagnetic center, most likely the proximal [4Fe-4S] cluster.[9,10] Notably, EPR data of H2-reduced RHE13Q did 

not show these features, while it was observed for H2/NaDT-reduced RHE13Q. This suggests that the proximal [4Fe-4S]1+ 

cluster remains mainly oxidized in H2-reduced RHE13Q. The power saturation curves for H2-reduced native RH (c), H2-reduced 

and H2/NaDT-reduced RHE13Q (d) recorded at 20 K agree with data in b. For H2-reduced native RH (P1/2 = 0.375 mW) and 

H2/NaDT-reduced RHE13Q (P1/2 = 2.355 mW) a b-value < 1 was calculated indicating a dipolar coupling with a paramagnet in 

the vicinity, likely the proximal [4Fe-4S]1+ cluster, while this coupling was absent (b > 1) for the H2-reduced RHE13Q because 

the cluster is likely in its 2+ oxidation state and thus diamagnetic (P1/2 = 0.213 mW).[11,12]
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Table S3. Fit parameters related to the light-driven Nia-CQ/Nia-C to Nia-L1Q/Nia-L1 conversion 
of RHE13Q at 90 K.

Transition k (s–1) T (s) A R2

Nia-L1Q formation (4.08 ± 0.08) · 10–3 244.9 ± 5.3 (-1.18 ± 0.01) · 10–2 0.99

Nia-L1 formation (4.68 ± 0.08) · 10–3 213.7 ± 3.9 (-1.21 ± 0.01) · 10–2 0.99

Nia-CQ depletion (4.20 ± 0.07) · 10–3 238.3 ± 4.4   (1.20± 0.01) · 10–2 0.99

Nia-C depletion (4.99 ± 0.06) · 10–3 200.3 ± 2.5 (1.24 ± 0.01) · 10–2 0.99
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Figure S5: IR difference spectra of reduced native RH and RHE13Q at 90 K in D2O, revealing important elements of the first 

and outer coordination sphere of the corresponding [NiFe] sites. “After light-minus-dark” (black traces) and “after thermal 

transformation-minus-dark” (orange trace) difference spectra of native RH (bottom) and RHE13Q (top) prepared in D2/D2O. 

The spectra in the range between 1800 and 1450 cm–1 show potential contributions from individual amino acid residues. The 

spectral regions characteristic for the main bands of arginine (CN3H5
+, νs and νas, blue arrow), glutamine (νC=O, grey arrow) 

and deprotonated aspartate/glutamate (νas COO–, red arrow), are highlighted. Amide I and amide II absorptions, which occur 

between 1600-1700 cm–1 and 1510-1580 cm–1, respectively, may also contribute to the observed absorptions. We assign the 

broad band around 1700−1730 cm−1 (marked with *) to an artifact due to slight temperature fluctuations over time.
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Figure S6. Low-temperature (90 K) IR absorbance spectra in the 2150−1850 cm−1 regime of H2/NaDT-reduced RHE13Q and 

native RH after illumination (after light) and after thermal transformation in the dark (after thermal transformation). The 

corresponding Gaussian fitting of the CO/CN bands are shown as dotted lines and include also traces of Nia-C/CQ, Nia-S/SQ 

species. While the ‘after light’ IR spectrum of native RH shows the enrichment of Nia-L1 (νCO at 1911 cm−1), the corresponding 

IR spectrum of RHE13Q exhibits absorptions of the Nia-L1 (νCO at 1915 cm−1, minor species) and Nia-L1Q (νCO at 1921 cm−1, major 

species). After thermal transformation, the RH spectrum displays exclusively signals corresponding to Nia-L2 (νCO at 1914 

cm⁻1), whereas the RHE13Q IR spectrum shows only a minor contribution from Nia-L2 (approximately 20-30%, νCO at 1917 

cm⁻1), with the majority of the signal after relaxation still continuing to originate from Nia-L1Q (approximately 70-80%, νCO at 

1920 cm⁻1). 
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