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Abstract: Biochemical experimental teaching is an indispensable key link in the process of professional training in the
college of life sciences. To develop comprehensive and designing experiments courses can improve the quality of biochemical
experiment teaching. Fusion protein expression and purification technology is an important research means to research protein
structure and function. In the field of protein science, getting high purity and bioactive proteins often is the basis of protein
structure and function studies. Affinity chromatography is one of effective methods of protein separation and purification.
Which fusion protein purification technology acts as the core, our teaching platform has opened an innovative, comprehensive
experimental teaching course called "Purification of His-tagged proteins using Ni2+ Sepharose affinity chromatography ". This
paper expounds the implementation of the teaching goal, the key and difficult, experimental principle, experimental procedures
and results, etc. Practice shows that the experimental teaching course can subtly make an organic integration of
multi-disciplinary knowledge points, just like biochemistry, molecular biology, gene engineering technology and so on. Using
this strategy, we can not only consolidate and strengthen the basic knowledge of biochemistry theory students have studied, but
also can improve their comprehensive abilities to experimental designs and cultivate their innovative spirits meanwhile. The
innovative experiment course, with moderate difficulty, can be widely applied in the other colleges those have biochemistry
major.
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1. i

A R A AR U S S TR, A
A ZE S BG AN A A A RV R ) B BN FE A S, [F]
IS 5 R A I AR B B AR IR A o 2 URFE BR L 2 AR R AR )
AR TS, RN SRR A AR EROR
21t R AR R A, X T AR IX R — T LSS
RNEMPIEFRR RN S, 2V RERREKERGOEHE
W BIFTRE IR E . B4, Ha BRI KA
7SI G PR ) R P8 T T 028t ¥ 5 T B R R AR o
W AR, £ — 2R EIHS T RH R R AN
ARG TR o 2 WS UE T S50 N A 2 AR I B RS2 3
T BB, BHAS 1A AT s e g R AN A SRR B T
K. P F & RIEEFZHEERE, JUHZ LK
FWEE, U AL R IR R LA DT, BE A
BRI E B AT — S kKRB [1]. Bk, &L
SEE VR B, R SR AT SR TR I S, BN &%
APE BT QIR SEI N A, AR SRR TR
HIEERL 2.

BWRHCR R I SR, FREBUIT IR E K
KT R R, B IR RN, SRARH
RT7 R PORE AR, B S &mEHENE. 25
iR LR R RN E, A TIRE
ARMERRHLEIHTRE ST, EAL DR AE 4 SCRF SIS URZUM £
XPABVETF B A& LA PE L Bort AN PR RR S S50 24
FOUH o X TR IR AE LR AR S QIR o, P SR
B 5 NAEFREAE T BERE

PLEE B i 454 5 Dhse v &Rl , A 1 /K-F B
IR, CEMNIARED KR FETT . [FNbEE
BER TRESEHAR B &, AR 25t N T TR R ()
1, Forp BT R A I 2 it SR T AR ) B LT
B, X SeEE fR 22 s E i, BRI 7T 8 E B = 44
o S T e vy LA GF O HES R 25K [3]. W R B,
HOMEA R A HBAAEYEEN E N EA . S
J& B 7 oE M E M Hi R Cimmobilized metalion affinity
chromatography, IMAC) &I 4k {8 44 vl iz F T & F 4l
FOIRISEANZMTHIAR, &0 B ali b a1 i — PR A A R
Tk (4], ZRARDRNNE (His-Tag) RN KBS
A, B RS RR S AT LS Cu®, Ni Y, Co >
BZn " SRS TR ABAER, IR EMZIEE
H B & AR EH AR E A2l ok, aifb e lkm [5].

T RRIE R SRR I NASR SEES He
FETLREME B EMAIT I SEIe 2ok, DIRt& & E R
R RIB AN AR IZ AT, BATTFE T
“Yz H [ 7€ 42 J8 B 1 55 FZ M BOR 4l Ak His-tag il & 8 4
VM R LR A VE SIS BUF RS . X IR 5 LR 6 J7 T

MR (D)EA BRI AL SRR K57 QB K&
R INE SRIE; Q)REEAIRDG @aEAR
B-BUIERE R AR T4l (5)2ii s B R RIA R .
BB S I W L 2 A AR A A
LT EHEAENE. AMERE. R TREZ R
RIS 5SROI EOR . SEEERHT, JTBU SR A 1T
KIS HCAIRRE, BB 2R M AR, AT
AT E RZER IR E R, 1R EAREIHRE

2. LR

2.1. ERUERESRIENRARARLZ RAKRIRER
22

I#] 7 4 4 JR B T SR AN T H R (IMAC) #2 i Porath 4%
I —MSERE R, EEH T B At R 1,
FOR BRI T e R E S S BB T (WCo2+,
Ni2+, Cu2+ MZn2+) 5HHFE R ASRKE (AR
BERR. FIMER. MEARSE) SR A R & E
BT 4B [6]. W EEE TR S B AMAR. Bl A
EJEF LARCAZ B2 &, A O 4 H T 2 F A
BCAL A, ARV K 2 T B 12 I AL AL [7].
MEARMEASERRIE S B T8 & KRS+
R T R s, ARV E] S &R E T RRE S
Yo HTEAFRIXSEERPME, HE, MEMT
A RAE, EN5 e BECEERSEA RN A E, A
M ATEBEREME R Hoo 2 A ST 7 B Al [8].

IMACE AR R HA S HIE AR, K.
Vel SR 5 P AR SR Rl 2 A — B B i
it SRR RN 22 K 1) 2 B iAo FL A TG A 7 R L R B K
YR SRAFIR AN SRS AR R, BT AR REE) T, &
Eh, AEAEARME LA E IR I AR T AT 4l .

W AE B D R B 2H A R H B R, @ K R AR
2 IR B A ERAE H N E R A A B E &
H gt . H 7B H B R & 4r %5 B B A His-tag,
Arg-tag,, FLAG- tag, HAT-tag#l thioredoxin% [9]. H:H1 LA
IH R % e 40 A 1) il bR 25 (His-Tag) 76 I A% £ [ Rk
PN B N2 [10], W2 TR T — Ml B iR% .

Z RHAFRIREE, Wl &His-tag, s&H5-15 M
FRBRFE L /N IK, BRI 45a7E H I HE E R Com el N,
TEBURFIR R 2854 o« b 20 IR A WK eI R 5 R A R ] 5
(4 8 B T BRI 5, 25 e &8 e T1EH
BRI R LR [11]. thalh 2 AR & B W1
IMAC & Es & TR AE SR AN 0T B 2 S R A
AR R E S A T R M 22 R R p L B B K AV OK
Vel TR, MLl M E A SR EARN S [12].
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H Al 4ifbry 2 RAQRR S E AR R EER
Ni?*-IDA. Ni*-TED. Ni*-NTAMICo*"-CMA % [8], H:
FHLAN-NTA HIR SN2

22. IPTGHESEH

E.colifFLBHRI T (JO) FZ. YRA=AS5HEEE
(1D 7 Ages 2R N . B R L SE 72 1
PEAMNER —MEWFIIO. — D EBIFIIP R — AN 5
P, DEE S — L& EA, FE 50758, ik
Yy O ZHEBTATRARE [13]. F£RZIFHIPLE
WA — Ao R MEREEER (CAP) 45a L
mo HPFHI. OF SIMCAPE: & AL s[RI ililact g\ 1
VR IX, =N £ 2 R ok DT B ol ) — S X 7, sl
SER NI IMEARTE AR BAT FUBEAAEIT , lac R 1 (D)

AT PR . Ui, UPFIEPUR S 7 SR T RIL )
LacfHi& 8 H 5O A4 &, FHASRNARGHESPFAI4E &,
e RS A AR, lacRd T (o) B
FS ARMRAT Go) KFRP, HIERTEFHIFAERL
PEAE . ABEBEANAING, Zb—PAMET ML, BN
FINE JEEE N MESA D TEGHBER, fEA
W RAAL, FEHIEEE 5O FIMR R A B R (E2)
BT BRI T B 2, BRI B T T e B E
ZTH.

lacZ lacY lacA

CAP site operator
e — |

promoter

Bl LR T .

basal leve
+ + d of transcription
promoter
no transcription
+ —
activated level
_ + of transcription

B2 FUREE D B8 v A%

SRS AL (IPTG) A& —Fh 52 FURE 5 21
W, WIS — R 5 ) B R A% RAE TR T, DRI ANl
AR T 0 A E Bt ARSI S 2 R [14].

A 52 56 Fir F v53-detps1-c6his # /& (&3) 44 Lac
operator, [l B FHIPTGA A ERTE S 8 3 E 8w A
Hishr%E B FMEE H RIS, T8 Hidetps]-hisfli & 2 H [15].
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(6591) Acll

(6251) Mlul

(6069) Bstell
(6048) Apal
(6044) PspOMI

(5749) Hpal

(s616) PluTI
(s614) Sfol
(S613) Narl*
(5612) Kasl

(5331) Xbal

~— Vo d4SY

(4861) BssSI

(4382) Nrul
(4346) BspDI - Clal

(4165) Smal
(4163) TspMI - Xmal

(3554) DrdI
(3483) Agel
(3434) Bsu361
(3395) Eco01091
(3350) Awrll

v53-dctps1-c6his
6746 bp

i R 1 A RAB Al AR WA S SR P K

Ncol (69)
BspEl (190)

BSIWI (361)
Pvul (396)
Psil (423)

AIWNI (716)
BsaBl (746)

BsaAl (1019)

BamHI (1271)
Ascl (1290)
Sbfl (1300)
Sall (1302)
Notl (1315)
AfITT (1328)
BsrGl (1355)
Ndel (1463)

J0jes9do 2°\

BolIl (2109)
Aarl (2114)
Alel (2149)

BStBI (2277)

Mfel (2627)

PaeR7I - PspXI - THI - Xhol (3271)
Pacl (3346)

B3 v53-dctps1-c6his i 4 i .

3. BRI SR
3.1. HEHM

T AR RR A2 2, Al 2R R U M E AL 2R B R AR
PSR A S K S5 R, IR R IBHIshR SRS B E
LSRR . BUEH KA (1) %#38 IPTG #R4MESE
HEARIEFEAR T KL TR (2) EEEMZENT
TRAAL Hiskr 25 5 A B JEAS SR B AR AR 5 k. B 1% s
WA 2], WEREARRA T MR G A B g, R4
M TSI ARSI RE

3.2. SERMEL. RAENE
3.2.1. SEBedR
v53-hisZE #Hf kL. v53-detps1-c6his ZE 21 i ki

3.2.2. EREH

LB 7%, RIAVERBW (100mg/mD) . IPTG fi#
77 (50mg/ml) . B BR 2% P #h £ % W . 100ug/ml
Lysozyme. Sug/ml DNaself110mg / mL ¥ B B H 4=
TAY TR CRig) BrABRAR: Hishr% & H 410

WA ECW0894S (M ) « 5xSDS-PAGE loading
buffer. 25 B #7555 G (2 R0 I €438 B RE 7 10%
SDS-PAGEMIMOPS running bufferiy [ 4= i 4 ¥k
AIRATH .

3.2.3. LIRS

Z.0HL. GE LAS5002 HHRE G AN . FEWAS . AR
VKA TEFEIR A ACFRRIR . WERIR A THIRE: 77
F —URME TS TE S 2% . —E0.45umid JE 2% . S0ml. 15ml
— MR EOE .

33. HFEZHSEREK

ZOH LI B A A S R, HEih20
AN, pSREEAT, RERIRSLKIRME & A
o St T 4 A% ) 2 ORI R B . TR SR
FR A, BV W, ADNAEN R R T
H5&E, SO ERARS . EREENAS 5 A%
IS, FUTR A A A SRR R P R BT 7, RS
B RET50%, S S5 AUEOR A AR Y S T OF
SIS 28 AT VER B TR 8, RS R SR
50%.
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F1 FRAE S 28k,

BRAA E iy

Rl S A A BOR S0 SR B A 21 1 SRR et
IPTG -5 B2 #UL A A2 K AT T T 3k
RIGAT 2 B O A5 2 R B R %
Rl E 1 B BTSRRI 2 A ik

2L R E AR IE A

B - =2 N N

34. ZHPRK

34.1. IPTGHEREHREBEXGITE FHRIE

1) FEROEAL B A N A (HisE iR E A B 5
BD MRIZSPAR RO AV, AR HIIAERM
sml LB} 7#%E, 37°C, 225rpm, dRH7%.

2) FOREEFE Mg i RO IR I B M PR 1 S0m Kana' LBRY
FRFE, 37T CHEIREE IR 12-16h)5, %M F|1L Kana LB
TR EE R R 7R B 1 (AgoODTE M0.6-0.8, LA
BRI N T AR BRI E RO D o ORISR IR G, TR
ImEREE ST T EP &b, 12000 rpm &L
30s, JIAl*loading buffer, 100°CEFE 10min, 1E
NEEFESL, % H )5 4:SDS-PAGESLH:

3) IPTGIE 9 KW P INANIPTG, i IPTG &K E
lug/ml (ImM), 16°Cid B 5 7%20h.

4) R K IR 3 S W, 20°C, 5000g &5 0
20min, 72 FiEW, SRIARIEEY (RERAR
DUEATE-80CIRAE)

3.4.2. H&4H R
IR TRAEVK AR
1) R YO : HA40mIZ % (20mM Tris-HCI(PH7.9),
500mM NaCl, 100ug/ml Lysozyme, Sug/ml DNasel,
B ABIHIFD BUSERILE R MR EEE

SIRRAS, HT AR
2) B EE A2 220W, J13s, E3sHIMIEE4IiE, 2
25min.

3) 2RI K B S 4R, 4°C, 12000rpm, &0
40min. FH0.45um JEMSE K JE G i R4S 2 0 35 i
T 2 S0mUF & o R HREUT 1 H A E20ul, AT
1*loading buffer &, 1ENBAMES2, HARE BB
HF-80C 4.

3.4.3. Ni-Agarose Resin3E Rl Fiib 38

1) i ¥ AREmIEUR 4146 20-30mg Hishr 28 (A5, B
TEER T B0, IAZETIK, 4°C, 1000 g,
B05min, 3 FiE. BEEIZDEI-SIK, L1058
R 25 B KT B

2) AT e % 56 BRI SEDRIIN N SR RRTILVA 1 ~F- 1 o v

(20mM Tris-HCI(PH7.9), 500mM NaCl)50%[1) 5] 3,

HEHR, REHS), Bk HiiE, &H.

3.44. BIEEQ4L
BB E VK FIRAE.

1) 4 2 BT HR BT 1 A A B Y R R I N T AL 2 ) 50%
Ni-Agarose Resin®J#¢ LA A20mM Imidazole, V&>,
TENEFHR A L F4°CHF & Z12h. SR J5 4°C, 1000 g,
20 5 min, /NOER _EIEEREIRLZ5SmIVE T .

2) FRYUEH S Z NS, R 2. B
20ul, JIA\1*loading buffer?& £, {ENEHFES3,

3) LIt il

Wash Buffer
Wash1 Wash2 Wash3
Tris-HCl

Elution buffer
Elution 1 Elution 2

(PH7.9) 20mM  20mM  20mM 20mM 20mM

NaCl 500mM 100mM 100mM 100mM  500mM
Imidazole 30mM 50mM 100mM 200mM 300mM

4) Yefi 24 & H:FfiWash 1, Wash 2, Wash 331565 4:4%
R BeAE T AR 22

5) Vet B B8 A i -3 A AR B Elution 1, 2f5 A4
R Elution 2376 i 25 1, 73 A OB PR v, 25X Hi 20l
B 1*loading buffer?& ¥, {ENRIES4. S5. BN
N VEBRUG 5 E B £910-30min, PLRRMR 7870 ¥E i B
58 [ - Imidazole 13K & [F FF AR B & Ak T84

3.4.5. RREGBRER BikER N 4k & A R FRIE
10% SDS-PAGE, % L ke ta s traith &5 [ 1
KL .

3.5. LRFEREM

B BHT P S 58 PRFE AN H R R AL 7 1 T ik 4iAk
HIEE, &9 K370 TV 55 A S SR B A 7
% WAERE IR PG SPARRIZR . T RS,
PRI P R 22 AR AE SRR TT AR BN AH SR AR EREE A P 1, JF
BRI SLG SR P N PR A T 1

ThAh, BERBTEAE VR TT 4a BT I S S 56 7T 75 6l
MRS R AL o T AR B B LR IA BUAAE K I T 1 v i 2
RIEKIZRAEATE, HAEARSZIOIA T AS[E] i k77 55
AR, Bk, 8T AAESE RN EET, BOTE TR AT
BRIPTGI FRIEFAF, FEXT SR KA HEAT AL -

FE4R T AR SCIR I, PRI 2 AR E R (DB &K
BRI EA R AR M R, BRI (2) &
F PRI R o 2 AR P S IR S, UK 3R AR, B
Bz e 2k, (3) gifkaEaditd, EER
JEEeETTIE, REWMADE O 2 LGSRk,
(4) AT, REEFEEFNEE: (5) DRl
PP/ SN BNE U= el 7SS e tio] o 1T P 2B R 0
EF5E

3.6. ERERE S

7P FRIE MRS 5 detps1-his KNS 70KD
KA. MIIGEER (B4 fr, SLAREHFESHEEA
HWR, AIPTGIE S G, S27EZI70KDAL H B HH . 2571 .
TE 283 1 A B TOK MR 0t ot v AL B I S4 - S5 341 B RH 2 1 H 1Y)



20 bR, BETHE: e R A RRIE AR A S SE s 2 (R

ol o SKIREIRRY], LW ILIPTGIE 3 AR A2l fb

S2 S1 S3

| lf‘lll

19 21 26 5 7 = i detps 1 -hisfl A5 82 o

S5

TR

M S4

El4 SDS-PAGEf N5 5 J A0 B 1 IR 1A

4. g
4.1, FEEZAIH SR HE T H R X

AU B AR LA S TR R A
Je T4 EELFHRAEBOR o S BORTE A fn B 0 4
Wl iz R, (B DAE AR SIS HeE T, A AR
HI T SEIG SR G PRI . SO0 XE LR K SEIR AR I G A5 B IA]
AMETFRE . N 1 8 dn B FRE O T B AR AL
FRIGHCFREL, WOCHER R I, e eSS
EWETCRIARAE, AR LI RFR LR 1 2 RAE AR A 5
WBAHIT R . BRI P8 B BN @Rk 1 2 R i B
LSRR, &SI R BT, S R & A AR,
{EEIIAIA, A 7. ¥5SDS-PAGE [z 7% B 7 i 4t
kg Gk, LA R M EImE.

WA RRFER S, AU T AR R A gl
ISR HA, RN A2 A XHZBARA TR 5
b, FEBLSEIR IR, IR 1A A R T ARV X
LG B 1T A A5 A A e AT A ot (A 2 TR S i AT S8
RRFERISES], WOR AR MRS, R B2 R 2% .
REN S ST AL TTHT T FL S A 5L

4.2. LR EHH AT

S FOMAETT VR AT USRI E 1 VR SE D
%, el REIE, ISR E SRR, S
LB R SAX AR TT (s 5 K B RSk

AR AR AR R S AR SN 2RI L Hisflh
EH AL SR AR LDk B e e (A

M R oy 5 A SR, — R R T WA AR SR A Sk
KRS, WIERAETER.

5. &

SCEGIER, Bl A S A AU SR I AR H G A A i A
Pt M SCIIRAR, W] ATE B0k A B SR IR B RE I 5 S8
BTN, B AT R ROE N T

B
AR A2 ) S TR 97 2 T A B S

RHET 6 B & 58 TG A G 1 SL 36 0 IR A 5%
FORHAE % 7 3R B3 Bl o

22 3 Rk

(11 FEAL. Wl fE APk 2 v B R8s 5 22 AR B L 4 [T,
YA S, 2014 (05): 1.

[2] &R, AL EFE T BIE LR G EE R
& 1, wEAOlERE, 2013 (9): 2.

[3] #RBUM. AR SEESER (1], 2S5
FE3EE, 1989 (06): 6.

41 S=EN #., wER, L. BEhEBESEMERN
BN RS (1], R&FE T, 2015 (11): 4.
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