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Supplementary Results and Discussion

Polar effects caused by transposon insertions. Polar effects of the cbbM and cbbL gene
deletions were tested for the downstream genes cbbO-m/cbbQ-m and cbbO-1/cbbQ-1,
respectively (Supplementary Figure 3). In the cbbM mutant cbbQ-m and cbbO-m transcription
was disturbed. In AcbbL only cbbQ-1 transcripts were significantly downregulated. However,
we consider the actual polar effects on downstream genes not of significant importance for
understanding the regulatory machinery behind RubisCO expression on our metagenomic
fragment for the following reasons: If indeed cbbQ-m/cbbO-m downregulation was
detrimental to RubisCO activity then one would expect (i) a loss of activity in the cbbM
mutant relative to the undeleted fragment, and (ii) no or little change in RubisCO activity
when these genes were deleted. However, neither is the case. RubisCO activity rises 5-fold
when cbbM is knocked out and deletion of cbbQ-m and cbbO-m results in a considerable
RubisCO activity loss (Figure 2A). Since deletions in the cbbQ-m/cbbO-m analogues cbbQ-1
and cbbO-1 do not result in any change of activity, CbbQ-m/CbbO-m appear to be
sufficiently present to activate the RubisCO enzyme. The same principle applies for the cbbQ-

1 gene, downregulated likely as a consequence of the insertion in the cbbL gene.



Supplementary Figures

Supplementary Figure 1

M SDS WB

Unraveling RubisCO Regulation

lysR2  CbbL  CbbM
-
S s

—
W -~
M SDS WB M SDS WB M SDS WB

Over expression of RubisCO and RubisCO associated genes. The purified eluates of the
over expressed RubisCO transcriptional regulators LysR1 and LysR2 and the RubisCO form |
(CbbL) and form Il (CbbM) are visualized on SDS-polyacrylamide gels (SDS) and with
Western Blot (WB). The prestained protein ladder, 10-180 kDa (Thermo Fisher Scientific,

Waltham, MA, USA) was used as a marker (M).
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12321 GGCGTCATGA CTTGCAATAC ACTCGATTCA

AACAGTTTGA CGAACCTTTT GATCAAGATG TTCATTCACG TCTTGCGGGA
cbb0O-1

12401

cbbO-1

IR18
12481

cbb0O-1

12561

cbbO-1

12641

cbb0O-1

12721

12801

12881

AAACTTAACC
cbbO-1

ATGATTTTCA

ACCTAACTTG

GCTTATTCTT

TAAGATGAAA GCACAACCGT TTATTGAAGC CGTCAAGCAG
hypothetical protein

CCATTATCAT TGAAAATGAT GTGGCATTAA CAACAGGAAG
hypothetical protein

CCTTTTACAT CTTCTGACGA GATTAAAGCG TTTTTAATAC

hypothetical protein
12961 AAAGAGTATT ACCAGTTTAA TCCGGTCAGC CGTCAATATT TTGATCGCAG TTT
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Structural features predicted for the DNA of the metagenome derived RubisCO gene cluster. Exact positions of predicted promoter boxes are
indicated by black dashes over each associated base and a heading with -10 box or -35 box. Putative LysR binding sites (bs) are highlighted in
green. Inverted repeats (IR) are numbered consecutively from IR1 to IR18. Each IR is highlighted in grey and red, whereby the grey part shows the
repeat and its reverse complement, putatively forming the stem, and the bases in between, in red, represents the putative loop forming area. Only IR
with at least 8 bp in the potential stem region and loops with a maximum of 100 nt were considered.
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Supplementary Figure 3
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Fold changes of cbbO-m, chbQ-m, chbQ-1 and cbbO-1 transcription. Fold changes (244"
of A) cbbO-m (red) and cbbQ-m (orange) transcripts expressed from the transposon clone
AcbbM (2211) and of B) cbbQ-1 (blue) and cbbO-1 (pink) transcripts expressed from the
transposon clone AcbbL (2411). The data shown is normalized to three different reference
genes, the cat gene, which is encoded on the fosmid vector and reflects its copy number, the
16S rRNA and rpoD housekeeping genes. RubisCO transcription is relative to the clone
71C2Il, containing the intact RubisCO gene cluster (cbbO-mQ-mM lysR2lysR1 cbbLSQ-10-
1). Bars and error bars denote mean values and +/- standard errors. Black dots denote that
values are significantly different (p-value <0.05).
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Supplementary Table 1. Insertion positions of tested double transposon clones with

13 kb inserts.

inserted genes

clone

designation position [aa]

insertion

total orf
length

specific RubisCO
activity

[aa] [nmol 3-PGiA*min'1*mg'
]
/ 71C2II / / 49 + 6
AcbbM 2211 167 459 265 + 48
22111A3 208 130 + 22
AcbbM AcbbO-m 22111G1 34 757 178 + 24
AcbbM AcbbQ-m 22112H4 135 266 81+7
AcbbM AlysR2 22113A3 28 314 126 + 39
AcbbM AlysR1 22112B2 79 308 163 + 29
22111C5 15 05+7
AcbbM AcbbL 2211284 377 arz 15+11
AcbbM AcbbQ-1 22112C9 159 272 205 + 48
22112A10 75 235 + 32
AcbbM AcbbO-1 22114H6 503 i 234 + 10
AcbbL 2411 38 472 18+7
24112H3 482 17+5
AcbbL AcbbO-m 24112G7 212 757 13+5
24111H11 82 14+5
AcbbL AcbbQ-m 24111F9 147 266 17+5
AcbbL AcbbM 24112F3 301 459 4+5
AcbbL + AncrcbbM-lysR2 ~ 24111G2 103" 214° 8+3
AcbbL AlysR? 24111H7 46 314 48+ 8
24112F11 263 16+7
AcbbL AlysR1 24111H1 234 308 17+7
AcbbL + AncrcbbS-chbQ-1  24112G1 222" 245° 9+2
24116H6 10 2+2
AcbbL AcbbQ-1 A5G poe 272 51
24116G12 367 17+3
AcbbL AcbbO-1 24115G9 416 777 19+4
24115D3 618 13+1

Yinsertion positions in non-coding regions given in nucleotides
2 total length of non-coding region given in nucleotides
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