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Quantitative proteomics reveal the potential biological
functions of the deubiquitinating enzyme Ubp14 in
Saccharomyces cerevisiae
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Abstract: Ubiquitination is one of the reversible protein post-translational modifications, in which
ubiquitin molecules bind to the target protein in a cascade reaction of ubiquitin activating enzymes,
ubiquitin conjugating enzymes, and ubiquitin ligases. The deubiquitinating enzymes (DUBs) remove
ubiquitin residues from the substrates, which play key roles in the formation of mature ubiquitin, the
removal and trimming of ubiquitin chains, as well as the recycling of free ubiquitin chains. Ubpl4, a
member of the ubiquitin specific proteases family in Saccharomyces cerevisiae, is mainly responsible
for the recycling of intracellular free ubiquitin chains. To investigate its global biological function, a
ubpl14A mutant was constructed by homologous recombination technique. The growth rate of ubpl4A
mutant was lower than that of the wild-type (WT) strain. Using stable isotope labeling by amino acids in
cell culture (SILAC) combined with deep coverage proteomics analysis, the differentially expressed
proteins of ubpI4A mutant relative to the wild-type strain were systematically analyzed. A total of 3 685
proteins were identified in this study, and 109 differentially expressed proteins were filtered out by
statistical analysis. Gene ontology analysis found that differentially expressed proteins caused by Ubp14
loss were mainly involved in amino acid metabolism, REDOX, heat shock stress and etc, which shed
light on the broad biological function of this DUB. This study provides highly reliable proteomic data
for further exploring the biological functions of the deubiquitination enzyme Ubpl4, and further
understanding the relationship between the free ubiquitin homeostasis and biological process regulation.

Keywords: deubiquitinating enzyme; Ubpl4; stable isotope labeling by amino acids in cell culture
(SILAC); ubiquitin
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1z &1k (ubiquitination) J& FL 4% 4= ¥ h—
Tt 3 £ AE 09 &R B B S B, AT AR
s 5 PR R AR A A ES, 25
BAGE A . DNABE . N BIESETE
W Z R AW B, 8 shRe e r A fE = 5%
S, Ry C uhiH AR IL I
W E AR RR I B, N S 0 A 2 R
F T AW R P4 TR g Ak S k4 B AL R, TE EL
E2 . E3 ALK S T AL pr B i 2 IR P H
IR RS FIE 2 Rz mbeti, £2R
fL B (deubiquitin enzyme, DUB) £ 7E fifi iX
— b R A AR, U7 A G A R B ALK T
Z R BRI G, TR NIRRT
A EE AR XY DUB HIRE R # AT RS T3
H SR G0N . L0 IR S50 1 &
AT R O 2 S B R . AT
FRW], JAMM &R EABEGE A Psmdl4
N 2 RN B BRI AT TERYIR T A AR, T USP K
51 Usp14 A 8 R A /N 20 i 98 Y P e TR
J7HE A

DUB T %77 Jy ~F Dt 2 IR 2 11 g 71 4 Jes £
PR RZE . AR Sl Al AR AL, P s iR
HEAMX N 4 K 2REFEEAME
(ubiquitin-specific protease, USP), 72 K RIEK
Uig K
UCH) . b & )i 9% 4 1 B8 (otubain protease,
ouT) . & A
(Machado-Joseph disease protease, MID); [fi)&
T4 )8 2 M EEZE Y DUB 2y MPN(+)/JAMM 2 [
B (JAMM). 2544 &, Hii 4 RS A E e
IR & 1 55 A AL TG PR 25 i s, T
JAMM B HEALTEVERY ) TAMM/MPN' 4544
UB AR KZA 100 F DUB, TilgERE A
21 fip DUB™, Hordr, USP f&i2 4k - 058 ik
Z H A& —28 DUB, EFfEAMRHRAH

(ubiquitin C-terminal hydrolase,

Machado-Joseph disease
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60 A, THTEREEE A 16 Fi B UBP Rk,
ubpl4 %X (ORF YBROS58c) i Ttk
2 2 Syetafh b, e A i RS R
usp5 (isot), T TTYIHI 40 -h K 280 B Iz R
H, DIEIREME R R D) B e 1 — N2
TEMF LA e, Usps [FIAERERS IR A . VIl
RAHT 7 RBIEUER I R R BT, Usps 1)
EN R 2 T Rz 2 C AR g iR Ak s B B
G76 MR EFEAL, Rz R4E C uikh Tl ks
J& Usp5 IRBIEY iy s Usps il Ak
B R Y2 B 1R KA R R BRGA  y  OR 1 2
BRPRE, TIH Usps 251 HON #UB0k: 1) R
RIS 9B, DNA BUEKI 2L, Usps
P ZEE] DNA B0 S VI 2 Rz Kk, 2k
240 A 1o ] Y B 4 A AR R a8 i DNANT, Usps
S T-FRU 45 58 3 P 8 Cav3.2 B AH H.AE FH & 1 310
WA MR R, 7R MR W Usps
R, WBH 1L UspS 5 Cav3.2 454 REMS & it
2B, Usps aT LARRE S e il 431 40 i
FEFPESET AR 1 (PD-L1), i fifyss 40 i f0 52
gl ZE AR Usps sl it B G1/S-45 5k
JEME1-D1 (cyclin D1) [ K48 4 i fdi 1
FsE , NI Usp5 BB 5 cyclin D1 H T 1,
V54 MR 0 G1/S AR A, S 22 400 o Jie o B
20 AR 3 B RAE TE TR L0, BEAh, Usps Al LU
o H DUB M 2 € 8 % = -1
(HIF2a), i 1k 2L 0% 96 40 A 0 3 5 A B BY
Usps fE AR Z M E LAY ¥l i, B
AR 2R E RE T .

Mt ep, 2277 ZALEE Ubpl4 G stif Bl I- bl
EiE g FbE A iz B TR YR
W, HEk S S8Rz RaEm 2R,
iz R o RS EEZmA etz £
EOAMRLS, JEmxt i o ma=dgm, F
FUEWIRRRS AR, BB, Ubpld w4
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PV B B 2 KBk, Ubpld (AZEHHY Usps)
Bl S SRR P F rf K29 T K48 6 A 3 B 1 i
T 2530 4%, i K63 4y R AL 2 £522,
Ubpl4 SRS5IREAMIAGEZH, T30t
B2 2 B RFER DL R VI B SR 2 Rz
REEN 2. Ubpl4 1 Ubp6 7E1E AN Z RiE
PR A 7 T R VE FARLRL, 3 A Rk e T 4% sk
ubpl0 FHEBR BN A0 M3 FE Bl 2 Kk
Ubpl4 REGEHE 240 A v iz 2255 A % Ak DA T 184
TS B9z KRR, AR 40X 5 R, I L
BEL A 52 26 2 11 19 25 11 B A R A s A%, 52 1) 240 i
A 20
Az RACE AR FE R, M

SERCNRMERT ) T DUB MR KR, H
Xof 7 A3 28 AR A0 46 S R . ROk, AR
FEF AR AR M@ T ubp14A
Fikk, 45E3T SILAC W& EE N4 ¥+
AR, EREARAAKF-53047 T Ubpld KT E
KA EAPY, AR5 R4EF DUB Bk
Z )5 5 | AR b i 25 11 TR B, T X LT R
M5 LY BT T 00 o ARBFoT L%
EF 109 MESER, HPEE 71 A L&
M. 38 T IHE M. @il GO 7+#r, Ubpl4d Al
e 5 T ARG K. ZEmAH. A
MR, 20 BN A B N A AR R AN S
AU ORI IE e TR 0 B3 R ik B K 32 48
5 GO 3 ig Bl p 4 R — 5. B AHTF 5% i 1k
BEN ubp I4AEFREF 109 NEALEZ Ubpld
P (0 85 11 DL R LV A W AR 2 D RE T A o AR
A HIRARG 22 RALE Ubpld A9
e, PR B2 REE MRS 5 Yt
TR R4 1 ) R PR 5 $ L B30I = 4 AR K
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1.1 #8

1.1.1 R FAEE

A 2 A SR A D AR L3R 1.
EHEFIE RN
YPD}iF#3E (100 mL): 2 gFEHM, 1 gz
BBy, 2 g #iZahE, 1.5 g Bl (AR SR m
A), 100 mL $Z%7/K . SC base (100 mL): 0.67 g
T bR BRI Al G BiRER), 2 ¢ W%, 0.8 ¢
BB (BAE;FERNA), 90 mL X(Z&/K ., SC
R385 (100 mL): 90 mL SC base, 10 mL
SC-10 x aa (B4 W3 2).

BHAF IR . 90 mL SC base, 10 mL
SC-10xaa-K/R, 300 pL K6 (1 g/100 mL), 200 pL
R10 (1 g/100 mL); #hrki57%E: 90 mL SC base,
10 mL SC-10xaa-K/R, 300 pL KO (1 g/100 mL),
200 uL RO (1 g/100 mL).

SD-ura }5 323 (100 mL): 0.17 g BEREAE A
HRl (RS HiBRE), 0.5 g Wilakk, 2 g #id
B, 0.8 g Bitfiekl (FAREFRIENA), 10 mL SD-
10xaa mix-U (B4 UWL3& 3), 90 mL XZE/K . 5
L85 E (G418) TE YPD k5 353k b (1 fff I vk Jir 2
50 pg/mL, WT il ubpl4ATHFRLE 220 t/min.
30 CHRFHEFR o
1.1.3  FERFTANEE

dNTPs l§ [ TaKaRa; m{& % X W H
AMERSCO /A ; 2xTag PCR Master Mix 4 H
BIOMIGA A l; DNA JFEIGR ] & 3 RAR
HEACRHE A BR AT s Ac-Trypsin 25 [ 1 5256
= A il

PCR A% . #E B A5 72 40 e K AL IR
BIO-RAD Al WWiERAGIL, W1 HAMA A ;
AR SRR, B—1E BLERER . HLIkAE,
AN —ALERT; 4t TT, SHIMADZU
BIOTECH 2~ Fl; Fiil . #m Rl . BRI E.O
ML, BEIK. BRI VKAS, Thermo AW,

1.1.2
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&1 KWK AR FIE R
Table 1  Strains and plasmids used in this study

Strains & plasmids Description

Types Background Sources

WT (JMP024)

in plasmid
ubp14A ubp14 is knocked out
pFA6a-kanM X4 KanMX4

Endogenous ubiquitin genes are knocked out, ubiquitin expression Strain

SUB592  [23]

Strain  JMP024 This study

Plasmid [32]

=2 SC-10xE5EEBKEAY
Table 2 SC-10xaa mix

Amino acids The final 10xaa mix
concentration (mg/L) (g/L)
Adenine sulfate 20 0.2
Uracil 20 0.2
L-arginine-HCl 20 0.2
L-tyrosine 30 0.3
L-leucine 30 0.3
L-isoleucine 30 0.3
L-phenylalanine 50 0.5
L-glutamic acid 100 1.0
L-aspartic acid 100 1.0
L-valine 150 1.5
L-threonine 200 2.0
L-serine 400 4.0
L-histidine-HCl 20 0.2
L-lysine-HCI 30 0.3

#z3 SD-10xEEERREY (FIRIELE)
Table 3 SD-10xaa mix-U

Amino acids The final concentration  10xaa mix
(mg/L) (g/L)
L-arginine-HC1 20 0.2
L-histidine-HC1 20 0.2
L-lysine-HCI 30 0.3

1.2 XWHE
1.2.1 EBREMREIIE

IR E AL R BEd e . 76 SGD Hids 2 8 21 i
WEEE R ubp 14 FEH F R A, Bt ) U5 5
& 18514 ubp14-F Fl ubp14-R . JH pFA6a-kanM X4
R AR ST PCR, 34 FF [A) U5 5 20 1 8¢
PR BE RN RPN kan™, PCR 5|41
T 4. UG 1.2%BUE HHEE IS UK R B ), F

: 010-64807509

fratifh .

PR A7 5 T A+ T T o 90 TG TR R 11 UK
ZAYM (freezing competent cell, FCC) ¥k
(20 mL): 10 mL 10%#JC DMSO, 10 mL 10%
B TC B H I o MOF-Ai R WT BikkE (JMP024)
PATEREREMF] 5 mL YPD 5355, 220 r/min.
30CHEIRBE SR . 1216 h 5l %E ODgoo, LA
IR ODgp=0.3 #4355 50 mL 2xYPD 557 3,
M ODgoo N 1.5 IF, 3 000xg B0 5 min Wi .
| mL JCRK RSN, BEE —IR, HB 2T L
B, 4 °C. 3 000xg B.0 5 min FE i, A
200 uL i FCC ¥ ik 2 4T Ve . B398 20 pL
3% 1.5 mL S04 15 B B RE S A A0

SRR A FCHl FCC kiR R
(360 mL): 36 uL A 1 mol/L FYEEAEREE, 260 mL
1) 50%) PEG3350, 50 pL AUfdRs DNA DL K%
14 pL 1) DNA 7). ¥ 82 S 40EAE 37 "CK
WA 30-60s, 3 000xg &0 2 min, 7 i
WA IR R SRR ST, 42 'C/KIA 1 h,
3 000xg Z.030s, 7+ Fif. 1 mL YPD HE&4H
Mo, 330 CHE 2h. 3000xg B.L> | min, F
B, BRI AR

o B R AR B B IE . BRERBTMERE SR BAE K
() B TEFE EAT PCR B0 0iF . PCR B IEAR Z 2 10 uL
2 x Tag mix, 0.2 pL primer-F., 0.2 pL primer-R .
R, R INE B T KRNE = 20 uL. PCR
MFERS I IE 4, PCR F2HIZ 1.2% BiigHH
o RN € O

B<: cjb@im.ac.cn
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x4 ENRWERASY
Table 4 Primers used in this study

Name  Primer sequences (5'—3")

Size (bp)

ubpl4-F AGGTAAATTCATCCAAAAAGAGAGCCCGAAGTCTTTCTCACATTCAGAAGACATGGAGGCCCA 69

ubpl14-R TATATATATATATGTGTGTGTGTGTGTGTGTGTGTGTGTAAACGTTCTTCAGTATAGCGACCAGCATTC 69

GAATAC
Al GCTTGTTGCTGTGACTGGAGTCGGAATCGCAGAC
B1 GAGTCGGAATCGCAGAC
Cl1 ACATACCCACCACTAAGG
D1 GAAGAACCTCAGTGGCAA

34
17
18
18

1.2.2 HKHZ%LH

MAPAR E RO VPR TR, RN E] 5 mL /Y
SC B33, 30 'C. 220 r/min B335 7%,
2 RV TR ODg00=0.26 %425 50 mL SC #5555
W, ARG 2 hillXE ODgoo, MAE LB E] 2R 24 e
ANEREE 3N EYRER .
123 SILAC #Z#&

I YPD “FH#iififk WT. ubpl4ATH ¥k,
30 CHALEFRAASE R, BB 2
BATERE N FERER S 4 mL YPD }5 9% 2L pik A
W, 30 CHEK 220 v/min B 57 s 46 2 Kl E
ODgyo, MHHUH 500 pL, 1 mL K%k 2 ¥K,
3 000xg #5.0> 5 min, 3 B3, A1 mL KHE &
FAA; W35 ODgoo THEFEHE TR R AR, D
IR ODge=0.001 ¥ WT B k45 20 mL 45
SCHiFodth, ¥ ubp I4ATEHRFL 423 20 mL H R
SC Bigr3erh, Bl 2 MEYIFEE . 1E ODgy N
1.5 BHCAETE R, 3 000 r/min 2.0 5 min; 45
FH 1 mL KEEPGIR, 17 000xg B0, 7 L
I 1 mL 0.1% NaN; & FE K, Bb iz
ODyoo, HRIEIME B ODegoo (ELHUKT N[ WT FEhm
Fubp I4AEFR4 15 ODIRE, MM EYEE
BrHiEh R1, R2, 17 000xg. 4 CE.L
5 min, HNZLARSE M IS TR AR R AR 45 i B

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

FEER, W€ 1 min, K FEFE 1 min, HE
157K, 17000xg, 4 CE.L> 1 min, B EFHHEB
BHE S 5xSDS FREZE IR G -

124 FUHmsl&

Bid & 10% SDS-PAGE R B BER: ,
R1. R2 FESREHIKT B, FZ% B2 i el
Yo hb 3 E A B M A . AR AR
ZROM AL BN AT 4 XA Ze gt D B, Hirp
R1 43K 28 N4HF, R2 40k 36 N4, R
YIRS 1 mm® KT EP S
o SRR BP EH A 300 pL i
W, e RS EE AT, B0 1 min,
2w b, A LIRS IRE R E G N T
. B B, mA 300 pL 2 JF
(acetonitrile, ACN), JtHF 4500 R S0k 4T
QR )l R oY o TR A S R LR T o
BT ESR R T EACT R T ARG 7
W, ARG WG B ek e, vk B, e
B IS AN VK F R 40 min, HE
WERARFEIZ R s 37 CHMCE, BfE 12 he

W45 d5, 17 000xg B5.00 1 min, 5
WO, BB SR BP Brh. mg i
AR 40 pL (5%H B2 (formic acid, FA),
50% ACN), 17 000xg E.L> 1 min, #HE 4 min,
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We i FIE, R BIXTN EP v, HE RN
BE4-51K. A ACNHEIFIK, [FFEH RS 2%
BB OE T, RS SRR, BiE b
FEARRR, I)E, WHEOEE TIREE DT
Hi DAARA IR BORE it
1.2.5 BN S

P ARG VA AR AL, 17 000xg B0
15 min, Jo3g A6 (5 P8 = Hs WA 3,33 (Nano
Acquity, Waters) Zr S0, FAEARFH 3 uL,
ARG 10 pL/min. YR F ORI/ B4
TN R (nanoelectrospray ionization, NSI)
BEA G o B R B AL (LTQ Orbitrap  Velos,
Thermo Fisher Scientific) il FshHH A: 98%
MK 2%ONEH0.1% PR ; s B: 100%
LIE+0.1% PR . Vel Z&AF: 0-5 min, FizhiH B
1 3% K 2 6%; 5-50 min, HizhH] B i 6%k
WA % 40%; 50-60 min, JisiH B H 40%H K E
50%. EHHIFEN 0.3 pl/min, FFETEE 300
1 600 m/z, 73 #3030 000, H 3hH 640
(automatic gain control, AGC) K 1><106; B R
B 1 Xy B P R R X
acquisition, DDA); ¥ £ — 2% ik 3= i HE4 1 20
I E S 7 R (N A USSR Al R 8
2405 X R BE A S T i 2
collision-induced dissociation, HCD), AGC #
1x10°, Fe KB F U HHE Y 100 ms. A 3hHERR
FHE 1 & FRRPEN N &+ S HERR
FYIFIE] S 30 s, S Ta] AN AGr 00 A [ B 2 00 e 8
STy T
1.2.6 HIESH

i F§ MaxQuant (version 1.5.3.0) #4487
3 3 1Y UG E B A B e Bl AT 2 SR
i 1 o 43 BIXT P L) FU A (ubp 14A/WT) K1) 5345
$IX (8], 7E Excel H'Jf] NORM.DIST pR%CEE .
A I . R1, R2 19 SD ¥4 0.13, LU

(data-dependent

(high energy

: 010-64807509

3 4% SDAE N REFRHE, 76 R1. R2 Hr[a] i 4
| HEH B EFE . FIA David fE4
W3l (https://david.ncifcrf.gov/tools.jsp) 43l %
R ZESE AT GO 4, BEHC P<0.05
PRI 43 2 S 3 I A T R o
1.2.7 =R

PRI WT 5 ubp AR AR TE R, 23 I Hz il
#| 5 mL YPD #5573, 30 'C. 220 r/min %K
Rrgend g, %52 KEU1 mL WT 5 ubp I 4ATH K
3 000xg &.0> 1 min, FHICRIZKPE 3 K, FH 1 mL
JTCHEKER, W& oD Fe#BEE 1 OD/mL,
Pofs BE A R AR A4, B2 pL B AR i R S A
BT ET 300C., 37CR g%, — R
Je, FARULER

2 BERXR504

2.1 B8 ubpl4 SRR HKWESIIE
ubpl4 FERN FREREIEN A 2 S ek
e, @ R E A T R AR R o R
kan I ubp14. L) pFA6a-kanMX4 J5 ki Ry A A
DNA, FIf1514 ubpl4-F Fl ubpl4-R ¥ 14453
T RIS ELMN kan B L WT BB
Toiky ¥ AR B, LA pFA6a-kanaMX4
TR AR AT A kan B (] 1A). HF
PGB0 B AL B W LR 2 i b, BEIGHS 4
FTTRERE TS, FIHE 4 RREXE5149 A1, Bl Xt
A BGHATIRAE, C1. D1 AR Bk
PCR $63F, ¥ 3 H I ubpl4 b FUESTFH
kan 3453 B (K 1B), MIEERZTIEH ubpl4
RS . K WT M ubp I4ATE AR A 725 1
M, Ubpld {UE WT WFkPRisGm s, 5
ORI 7x10°, T Ek R Rk B G F
Ubpld MEAMGS (F 10), %% FENE AR
JZTRUER ubp 14 WKL .

B<: cjb@im.ac.cn
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2.2 EEEIEERS ubpld BEKRLE BHEIE SN 43 OD, T ubpl4ATEAE 1 F

X WT Fl ubpI4AGMREAT AR HIZRI S8 3.6 OD, MEBETFTEARTHT 0.7 OD
2, KRB EIRSY Ubpld 2w as gl (K 2A), 78K (6-8 h) il E X AN
R B . 3 B SR IR (ODe00=0.26)  FRMIREHEET ], ubpl4ATEREREHEETE]H 2.6 h,
1 WT Fl ubp I4ARARHEFNE] SC Fi gk, M WT BRI R 1.8 h, ubp I4AFIAE IS}
B 2 b 5E G ODgoo, M ZE B[R] 24 h, AR T 0.8 h, HELTHBMAKER (&
BRI E 3 NMEYFEL . ERECER  2B). &9 Ubpld 254K, HEmA G
ubp AR AEREE WT TEERS WZEM2, WT  f & (R85 B e — BT

A B C
. 2000 >
£ 6.0E+06
8
o=
1 000 2
1 000 =2
750 2 3.0E+06
750 <
<
500 500 ND
0.0E+06
WT ubpl4A

1 ubpl4ARMIE SIIIE

Figure 1 Construction of ubpI4A mutant. (A) PCR results of kan. Lane 1: PCR results of WT strain; lane 2:
PCR results of pPFA6A-KANMX4 plasmid. (B) Knockout verification of ubpl4A mutant. Lane 1: kan gene
upstream fragment validation; lane 2: kan gene downstream fragment validation. (C) Quantitative
information of Ubp14 in WT strain and ubp/4A mutant. ND: not detected.

—
S
T

—o—=WT —*—ubpl4A

o
n

A 45 ¢ B _ ) Hk
4.0 = 0
[
3.5 o 8 2.5
3.0 o =
s gs 20T
S 20 %D & L5k
1.5 =
&%
9]
o
X
[

1012 14 16 18 20 22 24 26 0.0
t(h)

[e)

NSy 8
AN 4
N
0 =

WT ubpl4A

2 ubpl4AERRE KR
Figure 2 Growth retardation of the ubpl4A mutant. (A) Growth curves of WT and ubpl4A mutant. (B)
Doubling time of WT and ubp14A mutant.
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23 EEEHRBEZFEFIE ubplANEKE
RRIEEH

T AR S R A B B, R
PR B REL (B 3A), JBE AR TNk
(Bl 3B), HBTiERARC&es, 45 R kbRl
BRI 99% BHEARIER), f74 SILAC &t
FLAR ISR . FIFSET SILAC ARicdi AR M
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| Ration=1:1A=(600)|

Repeat 2 (R2)
WT(L) kDa
| Ration=1:1A=(600)|

3 1% SD N RAERUE, PRKSER PR -RIE
X ] H#a A —8 2= 5 & 0A 109 4, s
714 EEER, 384N FREN (Kl 40).
24 EFEH GO R

T RS Ubpl4 W TE R R4 B% 5 40+ 2
fE, Araxfix 71 A~ EE A DK 38 AT EE
Hi#1T GO ¥, WdsnrFoigeantr. 25
OB RO A E s34 (Bl 5A. 5B). 4h
R FPEMNESEAFESHARRED A
B AR LR R A e B A e R
XCSEHE LA A 1 . RS E T T . AR
it 5 M AN AR AR IR M, R EDE N AR T S
Aok, Hr, BREM B REAW
2 X RS g 1) 4T 5 AR wbp 14 (Y [R]E
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;U TR EREAEES SRR FL .
Rt #E . AR A WA LA B R AR R i it
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TR L KA S PR RN AR AR SR TE PR, X e

Gel
bands

FTCL RTCL

Lysis Lysis

Total cell lysate

SDS-PAGE gel separation SDS-PAGE gel separation 70
(28) (36)

b .

Trypsin digestion
LC-MS/MS LC-MS/MS

Data analysis

3 SILAC # bl &Rtz
Figure 3
process. (B) Separation of protein samples.
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SILAC sample preparation process. (A) SILAC labeled mass spectrometry sample preparation
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FEENMAE NADPH E 5. WF5EaRM, BRE
WerEH Met3 . Metl4, Metl6 7E£RE 5 R4k
W IF R B A B R RO BRI
HEPE I Ubp14 2 552 M ixX —id %, [H7E @Bk
R IER S T Met3, Metl4, Metl6 [T
T FH B 22 ] 4 (i R A2 Bz AR Y, HE
U240 b0 PN 3 5 v R B RNZ R A T A ARk
A BRI 52 1 B 2 R 5 A %A DG 28 1 1Y
Fads, MR 5] A ARG i 2 08,
2.5 ubpl4AEAXT 5w BUK

GO M &L, 1Eubpl4ATEIR AT 54> L
1 (Hsp26. Hsp78. Ssad, Hsp31. Hsp42)
$E TRATE AR, R E A 7E 40
PURTERT IR BIE . Horb, Hsp26 H AR 4
DRI & E AR IEH T 45 aERY; Hsp78

R, X8 R AR S R O R R T S A 1
FIE R A ERWL Ak, WIkESE e R
919 AR T8 B 11 G0 KR4 34 E A
M% (8 6A). X ubpl4ATFHFEIEAT IR E UL
BIGUE GO /T4 H, 7€ 30 CHI1 37 C &M
T, JFH SD $; 35 KA SC-ura 5 F5 K20 WIkE 32 T
WT Ml ubp I4ABEARIFE IS HAE KA, 25005k
B, PIRPERRRAE 30 CAERKERAE, ERERE
FE5t, 37 CLbHEE ubpl4AWRATAE B .1
ARME SR (& 6B), ubpl4 ilres 2Rk
X 1o Yk B

x5 FRIBLESER
Table 5 Identification by mass spectrometry
Items R1 R2

Protein groups 3205 3 806
TERE R AR IR SL T P 0k, X FRBARIAT  Peptides 22 346 54 462
SPE RN BR L G R R AR T S E R E Average sequence 18.4 33.6
N N N . coverage (%)
§3§E%[40]; Hsp70 ﬂUfﬁﬂ‘%ﬁ?ﬁ%ﬁ@ﬁ El MS/MS 737 087 816 279
JEREARST S BRBGHEAN, Hsp3l fEEILEAE  psm 146 248 332 449
PRGN, SZMERRBEMBEIRITE, & MS/MS identified (%) 19.8 40.7
YT L2 0 EYE Eﬁ%{[“]; Hsp42 T DA 4 Quantified proteins 2757 3570
Mo L BT A R IR B A g Avereee auantified CV OO 132 7
B ~~
A 21000(R] o E§ 357
£ 800% 2
S 600t 3 25
2200 ean: —0.009 &b LA -
$t 0 °
= %0 S0 0 10 20 9 0.
log, (ubp14A/WT) . s, A
»1500rR2 -3.5 -2.5 -L.5 ) S 1.5 25 35
5) L ]
§1 000l e R1 log, (ubp14A/WT)
E m . |
£ 500r SD60.13 e
Q o — L
R1 (2 757) R2 (3 570) 5 Ban 900 :
Ay

-20 -1.0

0 1.0 2.0

-35¢L

log, (ubp14A/WT)

B4 wbpldNEHRHPEREBSH

Figure 4 Analysis of differentially expression proteins in ubpl4A strains. (A) Venn diagram for quantitative
proteins in two experiments. (B) Gaussian fitting curve of ratio value frequency distribution. (C) Common
quantitative protein Log, ratio (ubp4A/WT) distribution, red spots represent up-regulated proteins and green

spots represent down-regulated proteins.
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Figure 5 GO analysis of differentially expressed proteins. (A) Up-regulated proteins. (B) Down-regulated
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Figure 6
members. (B) Strain spot plate experiment.
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ubpl4A mutant is sensitive to high temperature. (A) Changes of heat shock protein family
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