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First isolation and identification of cold adaptive yeast
Curvibasidium rogersii from Usnea lichen and genome-based
studies of its biological properties
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1 School of Life Sciences and Biotechnology, Shanghai Jiao Tong University, Shanghai 200240, China
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Abstract: [Objective] To isolate and identify two endophytic nonconventional yeast strains from
Usnea lichen samples collected in Tibet, and investigate their biological characteristics and application
potential through genome mining, which was further experimentally validated. [Methods] We isolated
two cold-tolerant yeast strains from the Usnea samples under 15 °C culture condition. These two strains
were further identified by physiological tests, biochemical tests, 26S D1/D2 sequence analysis, and ITS
sequence analysis. Then we performed genome sequencing and analysis, and further tested lipid
production capability by Nile red dye staining. [Results] We identified two strains of cold-tolerant
yeast as Curvibasidium rogersii, which grow well at 10 °C, and the optimum temperature for growth
was determined to be 20 °C. The growth was poor or not observed at 25 °C and the above temperature.
Sequencing and analysis of the genome revealed that the genome is the most similar to that of
Leucosporidium creatinivorum, which has been reported as a microbial lipid producer. We found that
these two strains can accumulate lipid. Moreover, a putative xylose reductase protein encoded gene was
also identified in the genome, and we also confirmed growth of the two strains using xylose.
[Conclusion] We isolated two cold-adaptive C. rogersii strains which were identified for the first time
from Usnea lichen. Our results provide a basis for further exploration of microbial resources from Usnea

species and other lichens, as well as using novel xylose-utilizing yeast strains for single cell lipid production.

Keywords: cold-tolerant yeast; Curvibasidium rogersii; Usnea lichen from Tibet; genome mining; xylose
utilization; microbial lipid production
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Figure 1

rJBA-MBY-JT23 1

99|,C

urvibasidium rogersii NRRL Y-48849" (JX188232)

8 JBA-MBY-JT230
Leucosporidium fasciculatum CBS 8786 (KJ778628)

Meredithblackwellia eburnea MCA4105" (JX508797)

E #k JBA-MBY-JT230 1 JBA-MBY-JT231 £ F ITS #1 DI/D2 R FFIMEMRELEW
The phylogenetic tree of strains JBA-MBY-JT230 and JBA-MBY-JT231 based on ITS and D1/D2

sequence. The superscript T stands for type strain. The accession numbers of the sequences in GenBank were

shown in parentheses.
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FIVRE TR 1 B T AR S288c HLA, WA REAE
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&1 HEFk C. rogersii JBA-MBY-JT230 #1 JBA-MBY-JT231 By%& iR [E) 1k 3246 45
Table 1 Results of carbon source assimilation experiments for C. rogersii strains JBA-MBY-JT230 and
JBA-MBY-JT231

L. C. rogersii NRRL C. cygneicollum R. nothofagi C. pallidicorallinum
Characteristic JBA-MBY-JT230 JBA-MBY-JT231

Y-4884912!] CBS 455121 CBS 8166** CBS 9091

N-acetyl-D- w w N N N N
glucosamine

D-arabinose L L S + + +
L-arabinose + S + + + +
Cellobiose - - + + + +
Citrate + W - + + v
Galactose + S + + _ T
2-keto-D-gluconate — - \% N N N
D-glucosamine - W/— - - - _
Gluconolactone ~ + + + N N N
Glucose + + + + + +
Glycerol S S N \Y + +
Hexadecane - - N N N N
myo-inositol - - - - - \V
Inulin - + N - _ AV
DL-lactate - - - - + +
Lactose - - — — _ Y
D-mannitol + + + + + +
Melezitose w w N — - \V4
Melibiose w - - - — \V
Methanol - — N — _ _
Raffinose w w - - - +
D-ribose - - - \Y4 + V2
Rhamnose W/— W/— - - - —
Salicin + + + + _ +
L-sorbose + + + + + +
Succinate + + + + + +
Sucrose + + - — - _
Trehalose - - - \V4 _ _
D-xylose S S + + + +
+: strong assimilation; —: no assimilation; S: slow assimilation; L: delay assimilation; W: weak assimilation; V: various

assimilation; N: no data.
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(A)
S288c-1 [

(B)

2 C. rogersii JBA-MBY-JT230 (A)#1 JBA-MBY-JT231 (B)BY{KiB & &K
Figure 2 Growth of C. rogersii strains at low temperature. A: JBA-MBY-JT230; B: JBA-MBY-JT231, the

yeast strains were incubated for 72 h in YPD agar plates before being photographed. Y230 and Y231 indicate
replicates of JBA-MBY-JT230 and JBA-MBY-JT231, respectively.

HEFT LK, T C. rogersii JBA-MBY-JT230
TE 25 °C AWML AR K . C. rogersii Bz
Pk NRRL Y-48849 FJLIFE 20-25 °C A&, 7
30 °C AAEK, (B EH B4 R R R
PRTE 4-10 °C SR N R KEE Y,
WARSCRHE IR MRGE C. rogersii WA B AR
24 EMBIERASTRINERR
2.4.1 E#k C. rogersii JBA-MBY-JT231 £
EREASH

HAETME—WF5Y C. rogersii BIRIE J2& 32 [F 2
FAEE N (E P S S N DO N A F Ul O st/ L s
PEFN IV ) B WE I B il o A SO I b
EAT T 3 DR AL RN A A2 A . T TR AR
C. rogersii JBA-MBY-JT231 ) 26S D1/D2 JF 4|
FRE L B AR L4 22 S s R — 2, DR I T b
AT TR AT . g R BN, Xk
JEIRZH BK 21 279 898 bp (21 Mbp); GC
TR, YN 63.09%; IS 6 382 4
FEIH, B gm R N R XK EE 2 1 410 bp;
S IR S 9 000 428 bp, 24 7 B ANSE
RN 42.3% 18 1] NR Bd 2t gt 5L DK 17 1
TR, RIA 4927 MR ThREROERE, 240048

FERIBUY 77.2%; 045 1 455 ANIEDRPE R 2h
fie, K, HEk C rogersii IBA-MBY-JT231 HY
FE A HA AR SR AT o X DR R 2 S ik
115307, RIAFAE 15 D IERR 7 5 A LI Fi A
KEANT 40%-69%Z [0 LT 4 K. 4 T
RIENTF 43%-74%Z [E I TERT G . 5 ASAHRUME
T 40%—48%Z AW JL T BafilE . 8 MAHIPEA
T 45%-76%Z ] W fg Wil % 10 S AHALEA T
40%—58% Z A FE [, {H 2 iX LLPe 5 HA
KM, DL AR IR B T i — 25
B
2.4.2 KEEF| FAEEAATER A IEEE

Xof B DR 4] T e A Rt — 2 b, R T T
RE 10 P14 5 5L I A3623, g i 2 1 R I 41
T B B AW I8 i B AR AL EE Sl 53.58%. X H
5O AR AR B | T v i v A R RS A1 1
BE XYL JP A X 25 5 WKL 3, A3623 1R
1 5145 xR SE IR SR LY, 3 4B
WA MRS Gk b A 2 A sk — 8,
4 AN ERE AT PR S AR — 8, H e
M A3623 W BE & Bk JBA-MBY-JT230 Al
JBA-MBY-JT23 1 AHE A F 1) K S Bl A WA SR
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A3623

P. stipitis XYL1

K. marxianus XYL1
R. mucilaginosa XYL1
Consensus

..... MSPIRTITES 0L EHe TROSKPGEVGQSVEVETEE

....... STKINS P DVDTCSEQIYREIR

. .YLMTYLAJSTVT| SEMZ] €CRKIPNEVCAEQVYERIKL

AXYLMSQOI)SSVKIES 3L LEFE TROSAPGEVGKAVEVELK
p 1 g

D gguw a

A3623 LS..... DKPNTD! 124
P. stipitis XYL1 K. LFVPLEEKYPP 131
K. marxianus XYL1 KYLFVPLDEKY PP 138

PAXYLVEGDPHSN 138

R. mucilaginosa XYL1
Consensus

A3623 BOKDG. . ..
P. stipitis XYL1 YCGKG. . ..
K. marxianus XYL1 YTGKD

R. mucilaginosa XYL1
Consensus

A3623

PKENG. . . .

YEGKK. . . . PNVOYD

.....

P. stipitis XYLI HBYLQ® GRALNT . ESPLFENETT KHGKS LR 263
K. marxianus XYL1 HE{YHV D, EKALHTYLKTLFENDTI QKH S LK 276
R. mucilaginosa XYL1 HBRLLS SVGEAXYLPLLLEHPTVK 267

Consensus

A3623 GAL

P. stipitis XYL1 55Q

K. marxianus XYL1 STQ § ; ‘

R. mucilaginosa XYL1 [JGMH RVIPSRIESYFRVIS . LTDDAXYLEVAEMNKIGEEKP.

Consensus W g ip s r n i

A3623 QEKAATADVQEFG 314
P.stipitis XYL1 ~ ceenieneeian 324
K. marxianus XYL1  ceeienensnen 341
R. mucilaginosa XYL1 QEKDAKYQVKIQ 348

Consensus

3 E#k C. rogersii JBA-MBY-JT231 B A3623 EH 5 CMAETREEA KN LE

Figure 3 Protein sequence comparison of C. rogersii JBA-MBY-JT231 A3623 and known xylose reductase
protein. P. stipites XYL1 denotes xylose reductase from Pichia stipites (GenBank: XP 001385181),
K. marxianus XYL1 denotes xylose reductase from Kluyveromyces marxianus (GenBank: ADV91498),
R. mucilaginosa XYL1 denotes xylose reductase from Rhodotorula mucilaginosa (GenBank: ADF57216).
The red underlines indicate conserved sequences, the red triangles indicate substrate binding residues, and
the red boxes indicate active sites.

Stk C. rogersii IBA-MBY-JT231 ()& ¥ 51
SCONMRI PR, Hod A 2 479 ANE TSI
oL, o5 NR B e B A 1 SR 19 50.31%.

16 C. rogersii JBA-MBY-JT231 F) 55 PR 4 % 5]
WERR T Z A Wi G A L, a5 A
RU A Bl 7E 2 KSR AR LB R 50% DA |,
i, C. rogersii IMBGA LAY R EENG £ WE GG A
FRALBF(ACCL) A6346. JENITRA HHE 1 (FAST)

PREEHRTY T PSRRI AR FHRE 7, 7E
AN Ay WE — B R 1) - Al b 85 5%, (o RS B A1
AW ) 55 2 R I BRI PR S288¢ A iy X BT
PR, RIS B ARAS T AR AR AR K,
M B R S288¢ A K ARG (K 4)

2.4.3 Btk C. rogersii JBA-MBY-JT231 BY7F;
BRE N
WYL H AT BLE R, L. creatinivorum 2
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4 THE¥k C. rogersii JBA-MBY-JT230 #0 JBA-
MBY-JT231 B AR#HEF| A £ &E

Figure 4 Growth of C. rogersii strains on YPX
medium. Strains were cultured at 20 °C for 48 and 72 h
in YPX agar plates before being photographed. Y230
and Y231 are strains of JBA-MBY-JT230 and
JBA-MBY- JT231, respectively.

A0436 FIIENTRR S Wil 2 (FAS2) A0355 5 L.
creatinivorum 1) il 25 (AL PE S, g3 i
84.4%. 75.6%F1 86.1%. 1M H., HHEA IR,
L. creatinivorum DBVPG 4794 (GenBank:
EF643737.1) R M J2& B KR 2% 35 76 5 1L ok I i
WP B AR EIAY, IR ARAERE ARG, AE
20 °C A AR HLAT 5 70%0 A
I A 52 56 AR il 1 £ TR R T RE L HLA A
MARAITE ST, e A T HE— 2D R I REFR ST

XFHitk C. rogersii 4T T Je B eryeta, 45
w5 Fras. ATLAIEZE S BINRE C. rogersii
A0 LN 3 i T IR i 5O, R T AR
C. rogersii JBA-MBY-JT230 #l1 JBA-MBY-JT231
A LATEAR IR IR T A2 7 g o
3 Wik

A5 DA VU R K T s A it v ) B A5 3
TPtk C. rogersii BEEE, BOEENE IR B4
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Figure 5 Cell morphology and lipid accumulation
of C. rogersii JBA-MBY-JT230 (A) and C. rogersii
JBA-MBY-JT 231 (B), respectively, after staining
with Nile red.
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