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Advances in gene editing and natural product synthesis of
Rhodotorula toruloides

GAO Qidou, DONG Yaqi, HUANG Ying, LIU Yijuan, YANG Xiaobing*

College of Enology, Northwest A&F University, Yangling 712100, Shaanxi, China

Abstract: Rhodotorula toruloides is a non-conventional red yeast that can synthesize various
carotenoids and lipids. It can utilize a variety of cost-effective raw materials, tolerate and
assimilate toxic inhibitors in lignocellulosic hydrolysate. At present, it is widely investigated for
the production of microbial lipids, terpenes, high-value enzymes, sugar alcohols and
polyketides. Given its broad industrial application prospects, researchers have carried out
multi-dimensional theoretical and technological exploration, including research on genomics,
transcriptomics, proteomics and genetic operation platform. Here we review the recent progress
in metabolic engineering and natural product synthesis of R. foruloides, and prospect the
challenges and possible solutions in the construction of R. foruloides cell factory.

Keywords: Rhodotorula toruloides; non-conventional yeast; genetic engineering; natural product

synthesis; metabolic engineering
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fb; (2) BEMREL/PEG N SFfbiitik; (3) M
TR HE AN SR ALATMT); (4) B FfLIE.
Hrp, ATMT J2 H §if B 21 & fi e B 450 F A ]
ML
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7 35 % 1 P 250 R [B) 21 4% e i AR %) [ W0
R,

TE B 21 461 B P B Ku70/80 4 I REME
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P 10.8%-16.7% %%, DL B BI04
P Bp 5L i R ER Bt 1Bl .
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sgRNA, 5 A Giiifiik T RNA RA B, 12K
BT, BEEGER RSB ICHAAT. B
AT, I BR AR SaCas9 iK% 60%LL I,
SpCas9 7E 50%-95%, I SpCas9 Xf £ 5k K @B
B IKF] 78%. Carl %45 37 CRISPR-Cas9 43
SRR T R 21 & f B TE TFO0880 fY k3L H i
Mk FL A 72 i (diacylglycerol acyltransferase, Dgal)
01 B3 i A AL [6] 52 Pk i 5% B2 [ (lecithin cholesterol
acyltransferase, Lrol), i jg il = a2 7+
T 23 f5F0 4.4 1%, WA &I Dgal Fl Lrol [A]
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Figure 1

Genetic engineering of Rhodotorula toruloides

(24431 From left to right: RNA interference

technique, CRISP-Cas9 technique, Cre/loxP and Flp/FRT site specific recombination technique. RISC: RNA
induced silencing complex; DSB: Double strand break; NHEJ: Non-homologous end joining; HR:
Homologous recombination; ATMT: Agrobacterium tumefaciens mediated transformation.
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PA: WSlR; DAG: —JtHim; TAG: =it
LIREL; TPP: St —WifiR; DMAPP: —HIJE
DAHP: 3-fi 58-D- Bl hiAf PEibE-7- iR

Figure 2 High value compounds produced by Rhodotorula toruloides. Key natural products are highlighted
with different color. GA-3-P: Glyceraldehyde 3-phosphate; DHAP: Dihydroxyacetone phosphate; G-3-P:

Glycerol-3-phosphate; LPA: Lysophosphatidic acid; PA:

Phosphatidic acid; DAG: Diacylglycerol; TAG:

Triacylglycerol; FFA: Free fatty acid; FOH: Fatty alcohol; OAA: Oxaloacetate; IPP: Isopentenyl diphosphate;

DMAPP: Dimethylallyl diphosphate; PEP: Phosphoeno
3-deoxy-D-arabinogeptulose 7-phosphate.

http://journals.im.ac.cn/cjben

Ipyruvic acid; E4P: Erythrin 4-phosphate; DAHP:
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2.1 HEREMTEYSNEK
AR —FP AT FAE AR, REREAE IR G4
ARRRHEEARRTO A ET AR  HP BEEGH A
P, AR e B A R L R IE
DI NIEDEEE 57 I o\ 8 e YR 37 -
(SN R e Sl W N = R S S B AR 7 A S
R B TR IR S5 T REE R B A B T
H70%A9 AR, FIET, SR TR LT A A L
o Y SR A TR AE A A A e A5 A S A TR
T . R EEAR R AR AT AR & I R 5
B TEA B Sk R T T RGEVEARTY, AR
O3 T A G ARG TR R s i b [ 21 A A T B
A I RE B FLATT HE T oY S
R SR R W v N
NADPH B o 75 B £L A H R NP11 H 5| A
T ZE ) FF B (Bacillus  subtilis) W% 1R %% £ Tk 1
(phosphotransacetylase, Pta), {# 2 ffd & | f5 =&
FP= R R 8.5% . 15.0%1 64.0%74, i1t
IR PRI ) S SR R 15 S B (malic enzyme, Me)ii
2 NADPH i), T2 s i[5 £ 1A 60 o REFE RS |
SRR T AR & BT 24%, 5% 10.8 /L7,
DAG #I| TAG WUt bt 2T i SR a B 5
o I RIINIECBERTE A R (acetyl-CoA
carboxylase, Accl)fl Dgal fifif5[R41 4 fa izt
IFO0880 HAEAE I\ 70 g/L i 455 FIAE 4351
PR 16.4 g/L F1 9.5 g/L BB IRVY, Kl , o F%
IR AAR-A9- KA RG] scd ] F dgal , ff 1R
LI fERE CECT 13085 I~ s Tt 13%, 4
A JREF Y KR L WL 7= T 39 g/L AR,
AN G 107 R 2 il A 1 E B2 B R 4y, 7
PR A A ey T A EE M H . Liv 507
PRIY T 15 21 4 70 1 B 19 P9 VR g 7 T 2 1 A g
(fatty acid desaturase, Fad)3& [H 1943+ F#1E, X
T 4 F Fad L5 50 . Fad kbl H)
RESE T HUE T T A, UEW] TR 2

&: 010-64807509

AR RR A 77 - 5 17 J1 . o, A9-Fad fig
% 5 I R FAE AR I R, WU RBA12/A15-Fad2)
RE A5 155 T TR 7 A6 A S T R T - I JRR TR o 45 501 1Y
J&, Fad4 J&—Fh = IIHElF(A9/A12/A15-Fad),
FERMRA . A B B 0 i b ke JE AR
Mo BT, Liu ZUE R 204 A iR sk
S A S R AN — F R R R y- P PR R ,
R R A H5AF] 3.5 ¢/L Fl 2.6 g/L. Wu 2578
Wk a8 R A12- 5 U R 25 10 RN i 3
Rifad2, Afi[R £1 4 f T BF ViR 19 & it 1% 42
F# 1.7 mg/L, HAWAENIR ™ ik 4.2 g/L, H
AR R (C16:0) . A AR (Cl6:1) . fifi i iR
(C18:0)., JHER(C18:1)HI o~V JBRIER FA) 5 & 43591 o
15.9%. 1.3%. 2.4%. 48.1%%13.9%. 4 Rtfud2
5A-NE iR A MBS R Refadl H:ZRIKET,
Rtfad] FIFEKMFIH, WAMER ol RE & R 21 4 0
BEEE R Refad] 33509 S8R N, il
C18 NI R 1Y & 1 o

BE iR —Fh IR IR AT A, ATk, &
fh . BEIFEAT N )2 o Liu U5 2 FE RS
FRILFIRNN tergitol SFF MG YER], FRAKAS
AP RETE, B il Tt T 43 /5, ZE2 LAY
B A% Fyadmik 3] 1.6 g/L. YTERIZL A i i £
H AN 2% 3K W VE AT B (Marinobacter aquaeolei)
A W5 ESH B A (fatty acyl-CoA, Far)J& [K i,
DAAS [l ik 5 FE 2 00 b A& 1 7= 2k 0.8-2.0 g/L fig
imE; LARERE MRlR, 7€ 7 L A9 K04 b 43
HEAMRLE B, T A= il 8 /L 1) C16-C18 Jig
J B0 SR, — A9 3 A 7 [ AT A A R
IFO0880 H i F ik M Jit LA A FIPT 14
fitf A 5 BURA S& 3 TR ATP-#7468 R 4 i il 2 X acl 1
Ml accel , V4 KR BRIt 5L 5% B Wi 2L X dgal M Irol
RSB = R Tl 1.8-4.4 f5. JUHMER lrol
4 & 2B R AE 250 mL A=W S 2% Hh 7
kF| 3.7 g/LPY,
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A=y ST LA A T EL A AR AR e
kPt fe, HAT m i e AR R A a4
HLAE W 5 i 5 B0 SR T L Rl B EL A
P, RAEG e R T A AR ALY B, wf
T AR S8 9 A 7 T2 B3 A b A R A8 B 1
A ARSI A Sh B o JECRE, X Rh
st Ly, AR R, A
Wy e A g A se A 1 e A
BT A 4 AR 107 PR Y A% 9 G i 2 AR g D7 R
Z Tig(fatty acid ethyl ester, FAEEs)AY =&, il #h
VRV ARV R AT LK = R m & 0.52 g/LIP,
[52] 21 4 760 e B:AE A R 22 s 8 s 4% B R I 1)
R AE e . HoA W™ FAEEs BT ).
TEEH 10%KFRIN W R Kb S 84 h, it
K 73%00 H v HIm R SL ik FAEEs! %
Zhang % V3 1o 0 356 A TR) A TR B4 5 i A il O
N, 7ERILLA AR H 8 T FAEEs 96 AL
FEAE X XU AR I I G R T S A-
P ik 30k O L 5 A% Tl (Ws/Dgal ) JE R R 28 e %
FEftAk, FAEEs iK% 9.97 g/L (% 1).

22 FEERUEMBIEK

KiNE bR R - REENEMERRRS
W, SN AT et A 2T R
CLA IR REREAE KAR G -T2 N R | LLBER)
LI v N REZFAE N RO, H,
CIRERRLL R L B-IA S R R AP E AL,
REAS PR AN RS P R 1 L RIS B0 R G S Bt
BT R PLERE Y. BAT, o R A
KSR B R R AR e SR S N R
AR o AR H, 3 Bl RS A A R O
REEAE PR ENRIERZ . flil, Bao
DO i ATMT e 9 A28 8 N R 58748
I Mk M Box-Behnken &[4k, #4102 A8 &
A1-15-BRQ LI RF LT K 7= 1 ik ) 21.3 mg/L,
B N R RSN 94.4%, il it KB,
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Hy=ROE A TR 1765, KB T 67%.
(B DR 1 P 2 [ 21 A 90 I B v IR A FR 2
IR (mevaleric acid, MVA)@ 42 2 8 TRkt
HIRZ R G YIGR 1), 7RI ZL 4 %
BErp o AMEY) . A0TE . EIESEAFDEER 16
WA A, BENSSTPL 1, 8-FEm i | A . B4
IRM AT R B A S AL S A, He
18-Fe i (7= fe i, i85 T 34.6 mg/L®,
Liu 25| A FMi(Solanum habrochaites) 5
AOFE A6 HL A R & T (neryl-diphosphate  synthase,
SINpps) 5 (Citrus sinensis) IR FIFT &GS
fitf(limonene synthase, CItLs)¥4ZEF7 151 & B &
1%, HiE 5 A2 G ER R (Enterococcus faecalis)
HI ST A LS RS I/ F BRI 1 -l il
A (hydroxy-methylglutaryl-coA, HMG-CoA)if
5l EfMvae 1 HMG-CoA & i EMvas L) & 3k
H 1 & H b\ & BRI (Methanosarcina mazei)i
FH 32 IR 4 i (mevalonate kinase, MmMKk)5#4k
PG G B AT AL R, 45 G 8 1 sl SR e
(SINpps::CIHLs)¥& R AL 0%, G a ™ m ik
# 393.5 mg/L. Yaegashi 25 [RI4T 4 ffit)rp
5] A3 25 H A i (bisabolene synthase, Bis)FIH
BRI — M5 i (amorphadiene synthase,
Ads)SEL T A% R 2 M RN 8 2R T A S
MR SR G L, KRR R A R &8
YA W) AR 25 B - WA ou- ) 136 — PR % Ak 2
TAb RS, B2 7E TR TR ™ 18 43 5l ik 2
261 mg/L (52503 M) K 680 mg/L (== Jim
A RNEAS ), 7 8 2R B S I 7E 5 mL
U PP DL W D B DK I8 08 36 mg/Lo 26
LI, Geiselman 252 T KA AT /K 4 4 OB
SERA R DL Se A, il sk a3 TRk
O 7R (Gibberella fujikuroi)] W 554247 4 it
(kaurene synthase, Ks)FIRIEF FWE(Gallus
gallus) L e A LB IR G I R ARk, 7 2 L
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x1 REILENERIZBEGSHRAFYRELCS

Table 1 Metabolic engineering strategies for the synthesis of natural products by Rhodotorula toruloides
Products Strains Engineering strategies ~ Carbon sources  Fermentation Titer References
Lipids
Lipids NP11 Mnp, Vp Glucose, 5-HMF  Shake-flask 45%"" [85]
Diacylglycerols/ NP11 |Dgal, Lrol, Arel; Glucose Shake-flask 30%/50%"  [68]
FFA Tgl5::Ldpl
Palmitoleic acid NPI11 ScOlel, RtA9fad Peptone, glucose Shake-flask 450.0 mg/L" [86]
OA NPI11 ScOlel, RtA9fad Peptone, glucose Shake-flask 23 gL’ [86]
Lipid CGMCC 2.1389 Vhb Glucose Fed-batch bioreactor  49.0 g/L [87]
Linoleic acid NBRC 8766 RtFadl, RtFad2 Glucose Shake-flask 1.7 g/L [78]
Fatty acid ethyl IFO0880 Ws/Dga, Ku70A Glucose Fed-batch cultivation 9.97 g/L [81]
esters
Fatty alcohol IFO0880 Acll, Accl; DgalA, Glucose Mini bioreactors 3.7¢g/L [54]
(Cl6, C18) LrolA
Terpenes
Carotenoid NP11 Carb, Carrp, Ggpps Glucose Fed-batch bioreactor 2.1 mg/g [38]
Carotenoid NPI11 LdplA, CalsA Glucose Shake-flask 3.2 mg/g [40]
/ Ks, Ggpp, promoter Glucose' Scale-up of cultivation 1.4 g/L
Ent-kaurene L [88]
engineering
Limonene NP11 Ls::Npps, Hmgr, EfMvae, Glucose Small system 393.5 mg/L [46]
EfMvas, MmMk
1,8-cineole IFO0880 Hyp3 Glucose, xylose' Fed-batch bioreactor  34.6 mg/L [89]
1,8-cineole IFO0880 Gpp, Hmgr, Mk, Pmk Glucose' Fed-batch bioreactor 1.4 g/L [90]
o-bisabolene IFO0880 Bis, Hmgr, Mk, Pmk Glucose' Fed-batch bioreactor 2.6 g/L [90]
Others
Triacetic acid IFO0880 GhPs Acll, Accl Glucose Fed-batch bioreactor 28 g/L [91]
lactone
Resveratrol NP11 AtC4h, At4cl::VISts, Glucose Shake-flask 1252 mg/L  [92]
AtAtr2, RtCyb5, RtAro4,
RtAro7
Naringenin / 4cl, Chs Galactose Shake-flask 0.038 mg/L  [93]

*: Roughly estimated according to the chart and appendix information. *: Proportion of content. ': Glucose derived from corn
stover hydrolysate. In the engineering strategy column, the listed genes or proteins indicate overexpression, the addition of |
before the enzymes indicates down-regulation, the addition of A after the enzymes indicates knockout, and :: represents
enzyme fusion. /: No data.

W RN R AT 1.4 g/L B FER24 . X
Hofth 2 p= DS A2 ) TR R, Wk

7 i (phenylalanine ammonia lyase, Pal), D-%ZdJ&
%2 A AL il (D-amino acid oxidase, Ddo) . Sk ffl [ %

(578 mg/L) . 5 H 5 (Aspergillus nidulans, F5E
)5, LA R A e HLA W AR ET8
2.3 Htr=4

bR T ER &R, B RERER RE S
BT 22 HA S TN R T, G 2R TN 2R i

&: 010-64807509

P il A PR S AL K e e, LA OB L B
MR . ALY AR AIRSS .

N 2 R A il H A AR 22 Tl R i A Y 1=
J7 IR, WA T IR N 22 R PR A Tl T A 52 43t
SR A ZEAL W AR P PRAE N A A T

: cjb@im.ac.cn
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BE B 2R TN A R i 2 Bl — FIOACI BE e , RE RS
L- AR N AR R NEERR , B LB = IR %L
R TR, ARG B — R A S 0 &
KRN AEY), AN WS
N I FAR S0 U255 3 N E =N 7 =N
Pal ELFEREREH FF FZE P B A Y, S,
Zhang 22 S IE TR ST (Arabidopsis thaliana)
A G B RE A EHEN Ardcl RN % (Vitis
labrusca) K IR EEA T VISts 51 AR 21 276 I
B, FIAHPIE Pal SEL T AIZEPTREMI G L. SR
G, BIAWHER 4 LM A4C4h, BRGEA
Atdcl:: ViSts Al {4 P450 iA 5 2 (cytochrome
P450 reductase 2, AtAtr2)Flid 2Rk N IR 40 4
% BS5 (cytochrome B5, RtCyb5) M AL IN I 75 B
MRigiels, MBI ik %] 125.2 mg/L, Lee
EOVE R 2T AR R 5L del TN IR i 45 Tiff
Chs, 8T HMEESINES 24 BR S E 22.(0.038 mg/L)
Xt & SRR (16.9 mg/L)WE R, %W E—4
UE BT 0 58 21 4 AR [ BE N XU B Pal il 57
VR4 R 2 R A AT REME . Lee SR
SARETE-FURE oBr 2B, TR R I
) M 2 i M — #R IR (tricarboxylic acid, TCA)f/g
W, R BT A A BE G B R ) B et 1 2
W RIS —BEAI G Ao BRWESE R R 21
AR RE = AL B IR B R A, NI E NS
PG T A TR 15 1 Y Pal gAY A Y A
PR A A M 1) S it TR S

D-24 R S AL B — PP s R, BEASEk
R C MaEIEA N 7-2 5L AR CEE B
LA TR B S P AA) . D-Z B IR ARk Tl
FHTIRTT 2 P PREERE 24y~ R FAG I D-22 2
BiR A= AL SR R EE B R (R 21 A A P B o
) D-Z AR A AL B S s T, iR
Rl D-Z8 BE IR S A 28 AR A 1 Y 2- 28 R
2, WP SRR E L A Al p-E 3t
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R AL Y v A R IR R A R — A E R,
T (R 21 2 F PR B N U D-Z 3 PR A AL B A7 AE R
o VR TR B o PR AT AR T

B0 25 B WE I . BT A B B 45— 2R A
TET AR . B iR 1 KRR,
JE N A AL A ORI R
W) A 7 5 OB T L Ak 2 2T Ry 2 4 RN AT £y
Ll 100108 g o1 A PR HLA A AR B A 7
1 Jagtap ZEU VR IR 41 & % 1 TFO0880 %%
AR L 7 BT R AR BE I, B A R vy ik 3
32%, 74 49 g/L D-BURI{fMEmE . teAh, B
21t W BR 1A BE S A1) T2 FUBR A 7 2 FUME I . 72
REBHRMT, FLAEREERRBEHA 40 g/L
EFLBEE T 8.4 o/L BELBHEE, HAbREE| T
21% (Bt 7350

)R 5 R B AL 5 1) — IR N R 2 2T
1 A= WA B ATl AR A AT 5 1-F- 5 A6 . Cao
LW AR N 3 (Gerbera hybrida)f 2-ni i i &
B[N GhPs 5IAHZLA SR RE P, 123K Acl
W= BNER BT 45%, #—P kb
Accl ffEH = R T 29% , LI 2 5 44t
*BHE BERE = L BRI R =k F 28 g/Ls

R A% WE A R B T 22 B0 A (8 B IR AR
wYr, AT Y RE WA YR SE Tl AR
P o TR A PR gk, A DAk S I T
M (%) AT AR AR o Al B2 AT TR (B, subtilis)
KO B 4- B BRIz I S £ R RS
(4’-phosphopantetheinyl transferase, Sfp)fEi%
15 IR 48 JK 55 55 18 (Streptomyces  lavendulae) W)
B K5l A (blue pigment synthetase A, Bps
A), WG Bps A fiEfL 2 > L-BF AT LA
BEW o I S IR R g | AR 21 Atk rh R
A B TR AR IR SE L T 2.9 /L 5 o Uk #5 1Y
A0l SR TR | SRR P A AR AR
ft TR
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3 RE5RKE

(5] 21 4960 J B HLAG 00 1) & e 2 BB PN R SR
A G RE, I B R U AR TR 4 4
FOKMR . PR | SR e L
HEr, B2 & fmes: i 2a < ienifs 8 . i
P A3 F R . R R RN A T s 55
HHCEAG— Ry ELEI R, KW, R E L
AT BETE AR 7 B R SR 7 W 5 T AT A AR K
P (3K 2),

B, REZMEA LD ETERL A4
WERE AR RI N ] , (AE A . BRIk, 2
DB FE AT 0 2 PR AT SR S iR A5 A DL 11 [
R G T i PR A T (B 20 4 g D R ] U B
HPCRL, HEkZ R0 B 3 5% s AR A
JRL . UL, T S v S DR g 6 R R A 2 g

x2 FRE®RSHRAEYEEILE

R0 I 5T A W o i T 1 21 4% At 1 £ W g 4
P MR R E S YA T G
Fok, BR T st /E TR A BRI T A 52
Bt S, ik T REATAE TR R PN RO S TR i
eyt am fysa A, AR ME L e RO A S T
fo; FIRE e AR T LA e 2,
1 AL BORAR A (] 22150 fgifdn, A IR 21
AR N IR N AR R A, A TR T
A A SEBRRAT AL ) S IR U BT o AR
TER IR 212 JR B 2R 7 2 P e R 2 4
T NG FRIR TR B R R AR OB . WS T R
SERMEXT T E B RER AR O R s,
NS PP AR AT 1) 2% 81 A R 55 AL AR TR T
B bR S e 22 5 1000 DAY, R BE A A IR 41 4
TRmERE ARG B W A A R AL
WSS R 28 R AL, R O B B o, 5

Table 2 Summary of production of natural products synthesized by different yeasts

Products Rhodotorula toruloides Yarrowia lipolytica Saccharomyces cerevislae
Lipids

Lipids 12.7 /LB 7.5 g/LIMA 1.78 g/L!']

Diacylglycerols 30%" 18] / /

FFA 500" 1681 / 129 mg/g DCW!!4

Palmitoleic acid 450.0 mg/L% 45.73%" 113 928 mg/L!!1®

OA 2.3 g/L*!8¢ 4.48 g/L.U7 /

Linoleic acid 1.7 g/LU® 0.9 g/LI8 /

Fatty acid ethyl esters 1.02 g/LBY 13.5 g/LU 35.05 mg/L!'?]

Fatty alcohol 2 g/LBY 1.19 g/LI21 252 mg/L!?
Terpene

Carotenoid 3.2 mg/gi*” 1.5 g/LU 142 mg/Lt'*4

Ent-kaurene® 1.4 g/LB¥ / /

Iimonene 393.5 mg/LM“% 58.4 mg/L!'*) 1 446.56 mg/L!'*

1,8-cineole® 1.4 g/LP% / /

a-bisabolene® 2.6 g/LP% 1 058.1 mg/L!'*" Ungquantified!'*™
Others

Triacetic acid lactone® 28 g/LPY 35.9 g/LI?) 10 g/LI3Y

Resveratrol 125.2 mg/L 819.1 g/LI3N 210 mg/L!"3%

Naringenin 0.038 mg/L 124.1 mg/L133 212.6 mg/L!"3

*: Roughly estimated according to the chart and appendix information. *: Proportion of content. *: Bioreactor fermentation, and

unlabeled products are shake-flask fermentation. /: No data.

&: 010-64807509

: cjb@im.ac.cn
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BRI S I TR AT A W R A
A AR B R ] [ 41 A FR B
AR AT 10 25 e P ML, 45 5 S DA TRl O
OB BRGSO DL A B A X
FAERME, RIS Y Ry R AR e
%”&ﬁiﬁwz,m&nﬂo

R, BEALIF AL AL A 52 3 28 Ak [ R
JE AR R BT AR 1 E 2SR %ﬁﬁ%ﬁ%%
E5 @ NIUE S €L N (1B B U B TR IA M i i s
UATE SyEasae ik SR NS W S i/ k]
BRI T A2 O SRR LIS AR S =
PEACTIIG . RORAR . R PR, EE
1o T2 R I AT BT RS Sy B 24 B8 i L5 P S
Wbk, B2, SRR AU TR R
I Bl A g 3 G ) e R O TR 21 4t
i £ BEPE TR AL i 4R BEOC SR S8 . RS
TEARA B R ,  [5 £1 4 A o B T R ) A A
BB FE I AT, DA T I FE 2 €, 4= 1 1 i
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