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Introduction h tral . taboli £ Rhodobact n ’ Transposon insertion sites in the genome of
Rhodobacter sphaeroides is a metabolically diverse p R. sphaermdes mutants that did not 8) AL
photosynthetic bacterium that is capable of utilizing a on acetate or lactate
V\,:Ihdel V?”et{ COTA Carfhon SUbSrfrar[]eS.' Re_c er&tlél, j[he Gluconeogenesi S Acetate mutants Name Agar Plate Gene Mutated GenBank Diagram
ethylmalonyl-CoA pathway, which is required during T02-101 Screening? ACCESSION
the growth on acetate to replenish the intermediates of Number
the trlcgrboxyllc _aC|d _cyc_le, was dlscover_ed In R. T09-187 | Lac (-}, Suce || Pyruvate carboxylase ABAT8245
sphaeroides. While this discovery was an Important (+), Ace (+) | (pycA) 684379 637843
step in understanding the central carbon metabolism of CO I_
- - o o - 2 - _ 685308 685319
this organism, much is still unknown. In this study we Lactate mutants T23-48 | Lac (), Succ | Pyruvate carboxylase ABA78245
: : PycA (+), Ace (+) | (pycA) 684379 687843
reexamined acetate metabolism and further explored T09-187, T23-48, CO D-Malate
the central carbon metabolism by indentify genes T34-134, MW28-52, COZ 2 T34-134 | Lac (-), Succ | Pyruvate carboxylase ABAT78245
required for lactate metabolism in R. sphaeroides. T17-143 (+), Ace (+) | (pycA) 684379 687843
MW?28-52 | Lac (-), Succ | Pyruvate carboxylase ABA78245 68525885267
LEGEND (c), Ace (c) | (pycA) 684379 687843
Blue figures are essential precursor metabolites to amino acids,
fatty acids, and sugars. These precursor metabolites are COZ T17-143 Lac (c), Succ | Pryvuate carboxylase ABA78245 < 68669286701
required for cell biosynthesis. They are continually removed (+), Ace (+) | (pycA)
from the central carbon metabolism and need to be oBasr o076es
replenished. o> MW18-211 | Ace (-), Succ | B-Methylmalyl-CoA/L- | ABA77918 B >
Oxaloacetate C4 (+), Lac (+) | malyl-CoA lyase (mcll)
mm) Predicted pathway necessary for lactate assimilation S / 354497 356262
T02-101 | Ace (-), Succ | UDP-glucose-6 ABA79827 R 2
mmm=) Ppredicted pathway necessary for acetate assimilation mcll —» | -Malate \ (+), Lac (+) | dehydogenase? >
2391168 2392472
_ Proplonyl— CoA \ MW15-30 | Ace (-), Succ | Crotonyl-CoA ABA80143 2”7”606
h d o fetAp CO _ (+), Lac (+) | carboxylase/reductase
Met 0]0 N} . 2 Citri C aCid C Cle Isocltrate (ccr) 2717534 2718826
| s P y MW18-229 | Ace (-), Succ | Crotonyl-CoA ABAB80143
Random Transposon Mutageneslis: onREBK (C), Lac (C) Carboxy|ase/reductase
The plasmid pRL27 ( Larsen et al.) containing transposon with a S inat (ccr) 2717534 2718826
kanamycin-resistance gene cassette (aph) was mobilized from the > UuccCinate T10-48 | Ace(c), Suce | Methylmalonyl-CoA ABAT8347 o YR—
donor E. coli to the recipient wild-type R. sphaeroides to obtain K t | t t (+) Laé 2 ey - >
random transposon mutants of R. sphaeroides. \ a-Anetogiutarate | 802132 804261
DONOR RECIPIENT TRANSCONJUGANT .y - - .
mcm > " _ (*) (-) indicates no growth, (c) indicates compromised growth
[@ o 1 ok [ @} E— [%ﬁ Q@} Acetate mutants SUCCInyI CoA 1  Growth was screened on the minimal media plates containing a single carbon substrate.
E. coli R. sphaeroides R, sphasroides MW15-30, MW18-229 All the mutants in the table showed growth on succinate (10 mM) unless otherwise noted.
S o oty iseried MW18-211 2 T02-101 mutant did not grow on acetate and has the mutation in the gene encoding (or at least
s EEneE fie iR e s, T T10-48 annotated as) UDP-glucose-6 dehydrogenase. This enzyme is not a part of the ethylmalonyl-CoA

) : : athway.
mating mixture was plated on the selective P Y

medium minimal succinate with kanamycin to MUTANT
enrich for transposed R. sphaeroides mutants.
Kanamycin selected against transconjugants and [ KW@}
non-conjugated recipient cells. R. sphaeroides

Photoheterotrophic growth of the wild-type (WT) and mutant R. sphaeroides in the liquid minimal media containing a single carbon source

Genetic screening of the mutants on min-succ-NH,*-kan, min- WT and lactate mutants (T17-143 and T23-48)
acetate-kan, min-lactate-kan, and a positive control “master plate”

of LB medium were performed to identify nitrogen fixation Succinate (10 miM) D/Ldactate (10 miM) Pyruvate (10 miM) Acetate (10 mM| L-malate (10 mM| D-malate (10 mM}
acetate, and lactate mutants. ' z . —=— —= ' — it ' — it - —a it ' —=-ut
13 ——T17-143 13 ——T17-143 13 ——T17-143 13 ——T17-143 13 ——T17-143 13 —eT17-143
Example of agar plate screening for carbon substrate mutants o ] [ R A4S s 12348 T2348 2348 T23-48
succinate s lactate S S __.,-»/ \ o s N S S 5
[z1 = 0.1 0.14 o 0.14 / 0.14 0.14 0.14
No growth on e l// - —_— . ...... T——/«/“ \
. 1] 10 20 30 40 50 1] 10 20 30 40 50 1] 10 20 30 40 50 1] 10 20 30 40 50 1] 10 20 30 40 50 o 10 20 30 40 50
mm'latate'kan Time (Hours) Time (Hours) Time (Hours) Time (Hours) Time (Hours) Time (Hours)
indicated a
aca WT and acetate mutants (T02-101 and T10-48)
_ _ Graphs show growth of
Succinate (10mM) D/L-Lactate (10mM| Pyruvate {10mM) Acetate (10mM|) Propionate+Carbonate (10mM e.a.) . .
: : . several mutants in various
= it . _ _ = it . = it . = it = it
4 e T02-101 4 A7 = ¢ = T02AC ——T02-101 4 ———a = T02101 ——T02-101 carbon substrates.
N DO o T e / e T e T "% Arrows indicate the substrates
ammonium | Se— 8 s 1 / 8 8 ] 8 l on which the growth of the
/ /‘ﬁ/_‘ mutants was affected.
Screening revealed several lactate and acetate mutants which 0 10 2 @ 4 50 0o 1 2 B 4 50 | o 0 @ N & %0 o 1 > % 4o 0
indicated transposon insertion into genes necessary for lactate and Lt e vl Time (h) Time (h)
acetate assimilation within the central carbon metabolism of R.
sphaeroides.. _
o Conclusion
Trangposon nsertion |dent|f|cat|_o n via plasmid DNA Plasmid DNA sequencin Lactate metabolism of R. sphaeroides:
Isolation and E. coli transformation Kan . J : . : : : . :
_ / Plasmid DNA was isolated through * tpnRL17-1 primer : Five mutants were isolated for negative growth on lactate. Of these five mutants, all contained mutations in the pyruvate carboxylase gene. The
_ aph neutraliztion. The isolated renatured  annealed to the experiments show compromised growth on lactate and therefore confirm the need for pyruvate carboxylase in lactate assimilation. N |
The genes of the R. sphaeroides genome that ) olasmids were then primed and oriR6K end of the . Slow growth on lactate, pyruvate, and D-malate despite the mutation in pyruvate carboxylase, may suggest that an additional enzyme is
were interrupted by transposon insertion could . - submitted for DNA sequencing. transponon replenishing the tricarboxylic acid cycle. It is possible that this enzyme is phosphoenolpyruvate (PEP) carboxylase which converts pyruvate to
be cloned and identified by DNA sequencing. Unknown gene o - -
R. sphaeroides 17-1 oxaloacetate. However, further experiments are needed to confirm the role of PEP carboxylase.
< e tpnRL13-2 primer
. :ﬁ annealed to Kan Acetate metabolism of R. sphaeroides:
$0oX $Cp\ . «p\ $00X A The genomic DNA was purified oriR6K resistance end of the . Experimentation likely confirms the involvement of methylmalonyl-CoA mutase (mcm) in the ethylmalonyl-CoA pathway as evidenced by
7 i P i 10 from R. sphaeroides revealing a 1?2 transposon impaired growth of mcm mutants (T10-48) on acetate and propionate+bicarbonate.

Ncol Digestion segment of known plasposon DNA . Slowed growth of T10-48 on acetate in liquid culture experiments may suggest that methylmalonyl-CoA mutase plays a role in acetate assimilation
flanked by two unknown segments  *Sequences were submitted to the Plant-Microbe genomics into the TCA cycle intermediate succinyl-CoA. However, the ability grow on acetate without mcm may indicate that acetate can alternatively be assimilated
of  R.  sphaeroides  2.4.1 Facility at OSU. After receiving results, BLAST Iidentified the into the TCA cycle along the ethylmalonyl-CoA pathway. Experimentation suggests that mcm mutants with functional p-methylmalyl-CoA/L-malyl-CoA
chromosoma_l DNA.  This was  genes disrupted by transposon insertion. lyase (mcll) and crotonyl-CoA carboxylase/reductase (ccr) can alternatively assimilate acetate into the TCA cycle intermediate L-malate.

— e digested with Ncol to obtain [Garbon substrates for growh . Furthermore, no growth of the mcm mutant T10-48 on propionate+bicarbonate in liquid culture experiments may suggest that propionyl-CoA is

fragments of linear DNA to begin | jquid growth experiment involved in the ethylmalonyl-CoA pathway after the alternative pathway described above. This likely indicates that R. sphaeroides has only one pathway of

——— the cloning protocol. A dilute carbon utilization from propionate and that it requires mcm to produce the TCA intermediate succinyl-CoA.
' ligation with T4 DNA ligase then Photoheterotrophic  arowth . No growth of the UDP-glucose-6-dehydrogenase mutant (T02-101) on acetate in liquid growth experiments suggests that the transposon mutation
ﬁ grl\clz,li\lét/c;secihtehr? tzl:gér-lr-nr:e% ‘:i'r:fO“IEr of wt and npwtantg as may have an effect at the transcriptional level on a neighboring gene, which may be involved in acetate assimilation. Moreover, the gene may not be UDP-
: : ' : & lucose-6-dehydrogenase or the problem of acetate assimiliation may be due to an additional insertion mutation in T02-101. All in all, the function of UDP-
- assessed  for  different % g ’
coli DHb5a-Apir to select for :

glucose-6-dehydrogenase in acetate assimilation is unknown and provides a means for future experimentation.
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Transformation Micro 581 & =% -

T17-143

Quantitative measurements

* Transformants were grown in LB-Kan liquid culture. Plasmids containing the Were taken —using a

transposon insert were effectively cloned as E. coli replicated. spectrometer at  varying
time intervals.




