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1.1

1.1.1  BEBRFIERRL: P97 7 B B Bk Saccharomyces
cerevisiae CEN.PK2-1D-Aubi4d(MATa ura3-52;
tpl-289; leu2-3, 112; his3Al; MAL2-8%; SUC2)™
AR E R . 12 R AR 2 A&pUbDetec164
AwigrEtaE™ . KIGATFHEscherichia coli IM109H
TR AR

112 BSREEHIREN. YNBREMFITRE: 174
g/LICE LWL AR, 20 g/L %, 5 o/Loii
o YNBIERIEFEL: YNBIFFRHEPUINS0 pg/mL

HEMR . 50 pg/mLEREMR . 50 pg/mLT AR |
50 pg/mLJK#EHE . YNB-Leu-UraX¥ 8 Z JE R 51
RUEEFRHL . YNBEERIBEFRIE IS0 pe/mLZH Z R Al
50 pg/mLE R, YPDRGFREL: 20 g/LAZ ki,
20 g/LEE MR, 10 g/LEERR . LBIGFRIE: 10 g/L
JREE MR, 5 o/L BEbkRy, 10 o/L EALEN, &5
W pHET.0, BRI FRILLBR: IR I P ASMINA
20 g/L Bk, KRIAFFEIMI10985 32 444 M
LBFHr [ PEECBA TS 74 220 mL LB 35 KL A FE 00
i, 200 r/min, 37 °CHiFE16-24 h, WRH B E)
CEN.P K2-1D-AubidJ&3Z A& il & 45 3% 55 . PREL
PATEVEAERN T20 mL YPDIE 3R, 200 r/min T
30 °CHi5712-16 h, BRI 2Bz 2. 12
RACK I SLBG 5 32 550 . DOPA b 3 Fp /b 41 fifg
F20 mL YNB-Leu-Ural535 3%, 200 r/minT
30 °CHEFE B AECT ], BLO 513020 mL YNBIR
HR G 2 B R A 35 5 56 135 5790 min,
1.1.3  FERFIFULEF . KA sz Al 4L
I 6 RN Ok B R & T AR TR PR
JE A1 iR & T Fermentas A w5 BRI E D
fit . EEEGFIDNAR GBS L T RiEFEEMA
FRAF] . DNAWFERET Bl TARA A
1.2 HIPRZ ZACKN Skt e K i i34k
MNCBI |- 5 6 PP 19 £ES228 CI HIP 1 5L
(GenBank Reference Sequence: NC_001139.9)/%
5, W5 ¥HIPI-F(EcoR 1 YMIHIPI-R(Sma | )
BRI PERERE R H E Y 3 HIP I . PCRY 1 ™
Wzt aifbfs, ARG NYIEEECOR T FlSma 1
VEAT MUY, FF 5 pUbDetec1 675 AR 3547 1o 7% i
%, 22 R PRI A IM 1 09882 25 H iR AT
Ak, W IEPCRIGUE A b+, % Lk
AT, F e R pUbDetec16-HIP 1 o Fl]
J X A B 2 SR ) FH T PR A A 1 2 A TR e
CEN.PK2-1D-Aubid/&Z 2 rh!™ | BGE B AR A
FEYNB-Leu-Uralfil{&FA4 |, 30 °CHi373-4d, #k
TR BT VA HEA T TR VR PCRIGIE T 1 AV RS 1L T .
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1.3 HiplpFEEZ R AL B K 5E 5 =2

i AR L2 R AN S B AR UbPred (http://
www.ubpred.org/) X Hip 1 pAY7Z A7 55 B4
M, 255 S RHip lpfUZE30 ., 4281500 6 2 BR o7
SEABEMEFRE., RAOMEHRIPRZS 1Y)
PlpUbDetecl6-HIP I R A TPCRY 1, K1
Y HBREE N UIREDpn 1 737 °CIHAKL h, 1k
KIGFFEIM109/RZ 28, PREUEA TR P& 2% A= T
¥, FREUEHR Y 548 Tk
1.4  EHAIZ R AKTFRE R

W45 Hip 1 piz R AL AL o5 578 SOk 14 TR 17 i
BECEN.PK2-1D-Aubid AP 2 A YNBH; 77 H
30 °C. 200 r/minid 5535 Z X0, 8000 r/min
SminZ0E L. HR/KUER2R AN, 5%
T A B VA Ik 2 4 0.25% 18 28 11 /K Sl ) Y YNB
HeaEEFRHF, 30 °C, 200 t/mind 3590 min, i
A EEEETHNE ODgo, F1H200 pLF96fL 422
BBRAR , 16 RS/ R 6=485/524 nm & F 4G
MR EE o 4% B (1) I AR R AR T
Hip 1 pfkiz 8 FH AT 5 B AR B (RC)

1. HIPIEEZETS|4)

Table 1. Primers used for the site directed mutagenesis
of HIP1

Primer name Primer sequence (5'—3")

CCGGAATTCATGCCTAGAAACCCAT

HIPI-F TGAAAAAGG
HIPIR TCCCCCGGGACACCAGAAATGTAA
AAATCTTGTT

i CCAGCCTTCGAGAATGAAAGAGAA
- TCTACTACATTTGTT

i AACAAATGTAGTAGATTCTCTTTCA
- TTCTCGAAGGCTGG

- GTTACCGAACTAACTTCCAGAACCG
- ATTCTGCATTTCCA

i TGGAAATGCAGAATCGGTTCTGGA
- AGTTAGTTCGGTAAC

i GCATTTCCATTAAGTAGCAGGGATT
- CACCTGGCATAAAC

i GTTTATGCCAGGTGAATCCCTGCTA
- CTTAATGGAAATGC

Underlined letters represent the restriction enzyme cutting sites.
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(A) Residue Score Ubiquitinated

30 0.94  Yes High confidence
42 0.93  Yes High confidence
52 0.94  Yes High confidence

®)

Hip1p I—
K30R IR —
K42R IR —
K52R IR —
K30,42R IR IR —
K30,52R IR IR —
K42,52R IEERIR I—
K30,42,52R IR IRIR I—

1. HiplpZ RWALLFUN K =R

Figure 1. Prediction of ubiquitination sites of Hiplp
and mutagenesis. A: prediction of high confidence
ubiquitination sites of Hip1p. B: types of seven Hiplp
mutants.

OR K42R K52R

¥ Hiplp. Hiplp“ ", Hiplp“*". Hiplp“*".
HiplpK30,42R HiplpKZO,SZR HiplpK42,52R$ﬂ

Hiplp"“ " & F|pUbDtect1 65 A .
2.2 HiplpZRZE IR E A

T S iEHip 1 p BRI i AL RS e, KR TR
MRAEE IR F W HUYPDIG SR AR G 5748 b, thzk2n]

2. HiplpRTHHEEIREM
Table 2. Genetic stability of Hiplp mutants

Strains Average genetic stability/%
pUbDtect16 100.0

Hiplp 100.0

Hip1p“™ 100.0

Hip1p“* 99.7

Hip1p“™ 100.0

Hip1p“*** 100.0

Hip1p“*™ 99.7

Hip1p ¥ 100.0

Hip1p**** 99.7

HI, FEYNB-Leu-Uralfl {55738 I, i mipk T
Y fa e M KT 899.7%, Ui X B 58 AR
PRIEYPDH R 5248 h, Higtfbfa et B AT,
2.3 HiplpEHEZEMALEE /RN HIZ EK
i) -2l

W Hip 1 p B Az 7 Ko FL 58 A8 TR R AE Y NB HE il 1%
IR IR EXECE R, I EH0.25%
it 25 (K ) 5 RS 1T 3290 minis T Iz R
ko X THiplpf 1, ¥ Hiplpry530. 42}
520z ZAUNL R IR 224 A &R )5, Hiplp
(137 Z ALK V-52 2 B B 1 TR (E2), ANz
F AL A G M R Hip1p* ™™ . Hip1p*™ &
Hip 1p**" 17 Z ALK I 5 658 3 430 T P 4.2% |
7.9%HM7.4% . 2092 FALAL 58 A8 1 58 A8 R
Hip1p“*** . Hiplp“*** &Hip1p“****"Z /LA
PEICHR A T RE22.2% . 18.1%F128.9%, —H
2 ZAALE A RAS AR Hip 1 p " 1932 ALK
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[ 2. #izE B HiplpREFRRLNEERTH
Figure 2. The change of relative fluorescence of Hiplp
mutants.
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2.4 HiplpiZ BN 5 RAETH ZFERF F IR

Hip1piZ ZALN7 15 AR HZ ALK A W
B . R T 2B Hip 1 piZ R AL KB X
TG P R A A R L AR s2 ), IRATDK % Ak
Hip 1pSUkE 1 B B AR 7E YNBIEAR BE R L CA AN N
BREREL) HH IS INZLHE 1 R 5 mmol/LAH & R b s h
Ki#248 h, KpillHip1piz AL S AR X A e A= K
KA FERA TGN . HE3AH, & FAHiplp
REA AR TR R AR 4 2R v — E RS T ik
Ko X FE AR HIplpEH, EERZREL
7 2578 I Hip 1 p 2R 11 REAT RUCHE T B 41 2B
XHHEFRRAFI . a3 BRIk Hip1p ™ Tt T et
%M ZRA A . X TR R 5%
AR 24T AR I AR BEAT R T B X
FREGFIH , (HSEHiplph = FAV 55 548 FF AR X 2 2
R A D SR TR

1.0 .
ElDCW [JHistidine 100
1 80
=) X
) >
= 160 £
0 2
A T
140
S 5 & 5 5 5 20
g Fga s
\Q & R 5
Q.8 IR K
SN NN
TIYSSEE
Strains

& 3. #izE B HiplpxASERFI AN
Figure 3. The influence of Hip1p mutants on histidine
utilization.
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TR i A% W A0 AR Y e R e SR S
iz 8 A A TR IY B A4S R
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Ubiquitination regulation of histidine transporter Hip1p on histidine
utilization in Saccharomyces cerevisiae

. . . . . *
Peng Zhang, Yahan Di, Jingwen Zhou, Guocheng Du, Jian Chen, Zhongping Shi
Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan University, Wuxi 214122,

Jiangsu Province, China

Abstract: [Objective] In order to demonstrate the ubiquitination regulation mechanism of histidine transporters.
[Methods] By both ubiquitination sites prediction and site-directed mutagenesis, 3 potential ubiquitination sites, K30,
K42 and K42 of Hiplp were mutated. These Hip1p mutants were cloned into the ubiquitination detection plasmid for
measuring its ubiquitination level change. Effects of these mutants on both cell growth and histidine utilization were
measured. [Results] By comparing the relative fluorescence of Hiplp and its mutants, ubiquitination sites mutation
reduced the ubiquitination levels of Hiplp. Furthermore, double mutation of ubiquitination sites showed a synergy
effect on reducing ubiquitination level. The ubiquitination sites mutants also influenced cell growth and enhance
histidine utilization when histidine was used as the sole nitrogen source. [Conclusion] The ubiquitination levels could
regulate the histidine metabolism and change the pattern for histidine metabolism, and provide clues for further

investigation of regulation mechanisms involved in the amino acids transporter proteins.

Keywords: amino acid, bimolecular fluorescence complementation, nitrogen metabolism, gene mutagenesis
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