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Elucidation of multifunctional proline metabolizing enzymes found in yeast and
its application to improvement of cellular functions
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First, we examined the effect of proline on cellular longevity. The results
showed that the replicative lifespan was independent of proline content, but was significantly
shortened by deletion of the gene encoding the proline oxidase Putl, which oxidatively degrades
proline and transfers electrons and protons to the mitochondrial electron transport system,
indicating that Putl-mediated energy production may be involved in the regulation of the replicative

lifespan in yeast. We next analyzed the inhibitory mechanism of proline utilization. We found that
arginine suppressed proline utilization via endocytosis of the proline transporter Put4 in the
arginine transporter Canl-dependent manner. The results also suggest that Canl is a transceptor with
both transporter and receptor functions.
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1. Putl-dependent longevity regulation. (&) Proline content in WT, putlA, 1150T, and 1150T putlA.
After cultivation for 72 h, proline content was measured with an amino acid analyzer. Data are presented
as means + SD (n = 3) and statistical significance was determined by one-way ANOVA with Tukey’s test.
*p < 0.05, vs. WT; ""p < 0.05, vs. putlA; “*p < 0.05, vs. 1150T. (b) Chronological survival curves of WT,
putlA, I150T and I1150T putlA. Chronological lifespan was determined by counting the number of colony-
forming units. Data are presented as means = SD (n =5) and statistical significance was determined by two-
way ANOVA with Tukey’s test. ‘p < 0.05, vs. WT; #p < 0.05, vs. 1150T.

5
WT
putlA Putl
PUT1 PUT1
Put3 put3A PUT1 put3A
WT PUT1 wT
putlA put3A put3A
WT Put3 PUT1
Putl
ATP
Putl
put1A WT WT ATP
putlA WT  putlA
putl1A
Putl Putl
Putl
2
Putl Putl

’______________
/\
Q _|\
<
o O
o>
N
=g
<
@
1
§= - Y, _ &

g ATP productio

Longevity

2. Schematic model of longevity regulation by proline oxidation. In the absence of principal energy
sources, such as glucose and ethanol, yeast cells start to utilize proline as an energy source via the Putl-
catylatic reaction. This reaction results in the generation of electrons which are donated to ETC, which
generates ATP. Such a mechanism may contribute to longevity.
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3. Screening of inhibitory factor for proline utilization. The yeast strains were tested for growth by
spotting onto SD-N+Pro plates that added the indicated nitrogen compound. The X2180-1A wild-type
(WT) and the proline auxotrophic strain (prolA car2A) were used in the assay. Ammonium ion (NH4*,
0.5%) and amino acids (Ala, Arg, Asn, Asp, GIn, Glu, Gly, lle, Leu, Phe, Ser, Thr, Trp, Tyr and Val, each
0.01%) utilized by yeast as a sole nitrogen source were individually added to the medium. The medium
containing ammonium ion and all amino acids above is denoted as ‘All’.
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4. Canl-depedent activation of the PKA signaling by arginine. (A) PKA-dependent phosphorylation
levels of proteins. The prolAcar2A or prolAcar2AcanlA cells harboring pRS416-Papni-YEGFP-Tevcr
(+Vector) or pRS416-Papr1-can1®*4C-yEGFP-Teycr (+G434C) were grown in SD-N+Pro medium and
treated with 0.01% arginine. After incubation for 5 min, 10 min, and 25 min, phosphorylated proteins in
cells were observed by Western blotting with anti-phosphorylated PKA consensus (a-RRxS/T). Anti-
GAPDH (a-GAPDH) antibodies were used as aloading control. Uncropped Western blot images are shown
in Fig. S8. (B) Trehalase activity. The prolAcar2A or prolAcar2AcanlA cells harboring pRS416-Paphz-
YEGFP-Tcycr (+Vector) or pRS416-Papni-can1®C-yEGFP-Tcycr (+G434C) were grown in SD-N+Pro
liquid medium and treated with 0.01% arginine. Trehal ase activity were determined at indicated time points.
The relative activity was shown with time 0 as 1.0. (C) Intracellular cAMP determination. The prolAcar2A
or prolAcar2AcaniA cells harboring pRS416-Papni-YEGFP-Tcvcr (+Vector) or pRSA16-Papri-can]®434¢-
YEGFP-Tcyc1 (+G434C) cells were grown in SD-N+Pro medium and treated with 0.01% arginine. After
incubation for 5 min, 10 min and 25 min, CAMPin cellswas measured. Therelative quantification of CAMP
was shown with time 0 as 1.0.
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5. The arginine transporter Canl functionally acts as transceptor and induces a signal for the inhibition
of proline utilization.
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