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Purification of Single Chain Human Insulin Precursors Using
Various Fusion Proteins
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Abstract

For the production of B*-homoserine human insulin precursor, four types of
fusion peptides LacZ, MBP, GST, and His-tagged sequence were studied in this
work. Recombinant E. coli JM 103 and E. coli JM 109 containing fusion
peptides were cultivated at 37°C for lhr, and gene expression was occurred
when 0.5mM of isopropyl-D-thiogalactoside(IPTG) was added to the culture
broth, and followed by longer than 4hr fermentation respectively. DEAE-Sphacel
and gel filtration chromatography, amylose and glutathione-Sepharose 4B affinity
chromatography, and nickel-affinity chromatography system were employed as
purification of B¥*-homoserine human insulin precursor. Recovery vyields of
His-tagged, LacZ, GST, and MBP fused B¥-homoserine human insulin
precursor resulted in 47%, 20%, 202, and 18%, respectively.
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19704t FHHRE EAHo=z #ALEHY] AR {FAFS ZIHS IAHAYE9
polypeptideE T A oA tj&F AAE 5 A= 2L do] U oI FAF
stx 7lHES T3l vAE wax= Ad3E polypeptide’t human insulin®] o},
Human insulinS #A}30] 5734, 573 o] 540]9, 2171¢] olu|=4to 2 FAHH A
AVET 30709] olvlxAte 2 FAE B AlEol 2719 A&z o3 A2 1719
Aty o33 AFS AW polypeptidedl EZZo]tt?. Human insulin® A4k
sta] de] o]l 5= EZFHQ vAEL ANZES E coliclth AET E coli= A
E5tE<Q AF7r ol Hol gton old wi A=F 7|€S ol&5tH o|FTAH &
mlAe] A 2D AAS 93] g AE-F dH glololth. H 2ol = insulin A A&
B AlE 9 FARE AEF E colidl T4 =5t o] F Al&ES wmE A4kt
o]2 33ty wWHoz Yy B AASE 7€ TAHELE ANAES s AtE
ol A1 human insulin precursor’} 2& &AL Ix]= ZAA|ZFHQA FAHo] E.:_E]?\:lﬂ}
(Table 1)¥. o] &&olx A48 single chain human insulin precursor= = 4?‘}
gel matrix’doll 33 E 71X &= 5 AT peptide sequenceE XY G HF &
HZ =S FAEY 28 -FHAZ 3ad@ B9 ol £ AA €= 5
T Aoz RIFHATR?. B =EdME AZY E colizFEH d8 79 T
Z o] ZA%E single chain human insulin precursor® #2 AA #3 AF+E
a5t o).

As 2y

1. 5 9 2wty

E AFd AlgdE FF= pKBA % pMAL-BA, pGEX-BA 2 & fsir =
coli JMI103[supE thi-1 endAl hsdR4 sbcBl5 strA 4(lac-proAB) F'(traD36
proAB’ lacl’ lacZ a M15)1%} E. coli JM109[recAl supE44 endAl hsdR17 gyr96
relAl thi 4 (lac-proAB) F'(traD36 proAB" lacl’ lacZ ~ M 15)]7} plasmid¢} IPTG
E ol&3% FRINE {FHAY LHEA SFAMAEZ 42 AL HIUS. pET-BA T
S sl E= E coli JM109[recAl SupE44 endAl hadR17 gyr96 relAl
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thi(lac proAB) F'(traD36 proAB' lacl’ lacZ MI15)]7} plasmid®} IPTGE o] £3h
e R 2 2} 2] 2 A STFANERZ AR EH Ao, E. coli
BL21(DE3)pLysSI[F ompT hsdSg (rs ms ) gal dem (DE3) pLysSl°el &= &&
£ SFAEZ ALHUY. AR SwA2E LacZ-fused B*-homoserine insulin
precursor®] FAx}7} FE29 pKBA plasmid®t ©] F#A¢] subcloningA] pUCI19
plasmid”} ©o]& = A3, pTBA, pMAL-c, pGEX-KG, pET-28a plasmid”7} Z+z} o] &
=H Ao}

2. 8ix] = wj<k

STFA|XEQ E coli JM103 % pUC19, pIBA, pTBG, pTBAZ}Y =4¥ E coli
JM103, 18131 E. coli JM109+ ampicillin®©] S50ug/mt 22 ZH7+E LBul =] (pH7.0)°ll
A 37C, 150rpmeo =2 X & ujU¢=EAct. pKBA £ pMAL-BAZF &9€ E coli
JM109%  ampicillin®] 100gg/m¢ 718 LBHEI A (pH7.0)°l A 37T, 150rpme & =l
2 I HAG. pGEX-BAZF =€ E. coli JM109= /5 12l bacto-tryptone
16g, bacto-yeast extract 10g, NaCl 5g, glucose 20g2] FA & Ad 2xYT-GHl =]
(pH7.0)¢ll ampicillin®] 100xg/m¢ FH7}=e] 37C, 150rpmelA 28 v Y= At
pPET-BA7} =% E. coli BL21(DE3)pLysS+ %3 1¢£ 9 bacto-tryptone 16g,
bacto-yeast extract 10g, NaCl 5g2] =4S Ad 2xYTHIX|(pH7.0)°ll 154g/ml2]
kanamycin®] FE7}Eeo] 37C, 150pmeolA & gtk pKBA, pMAL-BA,
pGEX-BA ¥ pET-BAZI =3 92 {3 AL fFEA17]7] 9% 3
2 g2 "=k ZHzZhe] njX| o] F vjFH S overnight ¥ FF T} 2%(V/V)E
A AFF gL 142 vlEF 2 0.5mM IPTGE FUst oAl 4A17F o uj
At 3 &4 vjYg SAXAL 5eRF X wiguir] 3¢, wiFLx= 37C, pH7.0,
Z7] ngtEE 4000tk 34 g F HEFY EEAALFTEE EFEH 9
20% oldoe =2 FA=HAG.

3. €3ttul & 31o)

LacZ, MBP, GST % HTS-fused B¥-homoserine insulin precursor &% o
AAEA LS 149%, 12%, 13% 2 16% SDS-PAGEEZ A Alsle 3= A=, gel &
FA] =L 100voltE voltage constant® FAHJTT. A71F5H gele 0.1%
coomassie brilliant blue R-502.2 M3+ F 30% methanol, 10% acetic acid -& <4
o2 GAdle L dFd S &5

4 @93 e =A
gz e] x5+ EFEZEZ bovine serum albumin(BSA)E AFE3e] Lowry 2
Bradford ¥ ©. 2 optical densityS Z=A3}9 F+3a°.

5 gdtamae] el A

LacZ-fused B*-homoserine insulin Drecursor

E. coli JM 103 i< I3fif S A4 Eeste] ed FAES 8M] urea® &F4]
713 Al ARSI de A59SE 8M UreaZ i3tz A= buffer(20mM
Tris—Cl, pH8.0, ImM EDTA, 50mM NaCDZ nlzg] H3 Al & DEAE-Sephacel
columnel] #3lstch B3t F T L% buffer2 F83] AF3F 33 0.5M NaCl7zhA|
linear gradient WY OS2 0.6m¢/minE 6m4 FFHF=2Z FH3ATH Jola Uido]
TEE IS FHIo ultrafiltration 2 =35l ¥=9S 8M UreaZs I3t
20mM Tris-Cl(pH8.0) buffer® v]2] H3¥A|#H F Sephadex G-200 columnel] 3}
sl A3 buffer2 ¥ 0.1mle] FHFo =2 2mey EJ59 4.

MBP-fused B*-homoserine insulin Dprecursor

DAEEHE E coli JM109 v o] F A= lysis buffer®2 B@EHA|A =23 9347

= 620~



2 93 oS 2073 10,000pmel A YA E s A5HE B FFsa o7
of 5ul &% column buffer2 3JAstATt. olgA A FFAES column
buffer®2 H&A#A F  amylose resin columnd] ¥3}3t32 8u] &322l column
buffer® 2% 1mle) X002 FEA|7|HA AMH3F) 1 the o] amylose resin
columno 2 %€ MBP-fused B*-homoserine insulin precursorg® %417]7] st
ol 10mM$e] maltose?}t #7149 column bufferE 0.5ml/mineE FZAZ]HA 1.5m
2 FE3A .

GST-fused B*-~homoserine insulin precursor

kel o] A E lysis buffer® VEHAIZ TS =33 71 E o] &3] T3
Gt gt o] A e 10000rpm°i]"1 2080 AR} 22 BT
51-1-0}‘—’ vlg] 1x PBS®E & A & glutathione-Sepharose 4B columnol
g Matsle] GST-fused B*- homosenne insulin precursor® ZA$Al7]a, 10 gel
volume?] 1x PBS® A& %t % glutathione elution buffer& 0.5m2/min9_§_ =2
| %‘2’%‘917"3 =33

His tagged B*-homoserine insulin precursor

oX 12 X
oft nlo fu

kel o] FAE 1x binding buffer2 dEAIZ] g 29 7] E o] &std
AE FHstGr). o] TA A HE 8000rpmolA] 103 YA FEd T
A E 8M urea® 9 AL 8EF 3 15000rmpmelA 2083 8 AL A4 FE st
o F5Ae EEst pore size 0.2m% AHAZ AnstAct. dFdE S AL

50mM Ni?' ion©.2 %A% His - Bind affinity chromatography columne®l] -3}3}%1
o o]ojA 10 ¥ 6 gel volume2] 1x bmdmg buffer(6M Urea, pH7.9)¢} 1x
wash buffer(6M Urea, pH7.9)7} 0.64cm/min®] 422 column®l] Z}Z} #-38}3}o
gel matrixel] A=A e @wMASS AAAZG. His-tagged B¥-homoserine
insulin precursor= 1x elute buffer(GM Urea, pH7.9)& %35t #Estdon,
280nmoll A &3 @A peak Ydo] FAE BES A

43 9 nF

¥l =8¢ A= ©E polypeptide sequence’t ZE® B¥*-homoserine insulin
precursor®] %] AA AFE F3sAt. IPTG = o ¢dE &8 o9z
E2 R% inclusion body?] EEH 2 T3] A 3FAHS AX HIFHLE 8M
ureaZ £Z&5Ho Fawla HAF B o]&HIUG. wigY 1¢ F #4442 T
A=ZS pGEX-BA plasmidE 71X Q& E. coli JM 1097} 500mge 2 717 =4
=A% o9, pET-BA plasmidE 7Fx|31 &= E. coli BL21(DE3)pLysS7} 321mg,
pKBA plasmid= 7}A 3 Q3+ E. coli ]M103°] 180mg, 1232 pMAL-BA plasrmd
E 71X 3 Q= E coli JM 1097t 160mgo. 2 7F4 @A A FHAY. 8M ureaZ &
3 9L Zizte] % w©wMA 2IAEZ 9sA coupling geldl F5E
displacer2 A A H At 2 AFoA = NaCl, maltose, gluththione % imidazole©]
z}zyeo] g3k Ao] thel displacer2M o] & H A cH(Table 2). 14 ¥lFHe] ot
3o Ao =y =8 EA o)A immobilized metal ion chromatography(IMA
C)e] Y9 Ni¥' affinity chromatography2 ©]83}e 2&® His tagged fused
B*-homoserine human insulin precursor § g9 e] 343 £ 150mg/ £,
47% 2 71 =4 =" =0 o, DEAE-Sephacel chromatography©} gel filtration
chromatography & ©]8 3% LacZ-fused B*-homoserine human insulin precursor &
Stadw Aol IS FL&L R2mg, 32%°]l2A o™, ‘gluthathione-Sepharose 4B
affinity chromatography—-— o] 83 GST-fused B¥*-homoserine human insulin
precursor®] 2|43} -r-=r_r‘_ 32mg, 20%°]A 2™, amylose affinity chrornatography
£ o] 83 MBP-fused B*-homoserine human insulin precursor®] 3|+F#3 &
2 32mg, 18% 2.2 71 2A A=A H(Table 2).
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Table 1. Comparison of processes for human insulin production

Commercial Name HUMULIN NOVOLIN ISOLIN
Manufacturer El Lilly Co. Novo Industri This Work
Strain E. coli S. cerevisiae E. coli
. Separate Production Single Chain Insulin Single Chain Insulin
Fraduction of A & B Chain Precursor Precursor

Inclusion Body

Separation to Media

Inclusion Body

Frodhetiva Bom (Insoluble) (Soluble) (Trisotuble)
Productivity High Low High
Liberation of Insulin CNBr Cleavage Enzymatic Cleavage CNBr Cleavage

Chain (Low yield) (High yield) (Low yield)
Chemical i
Reconstitution © s Already R Chem.xcal.
Method Reconstitution Heconetinitian ec.onstlt-uuon
(Low vield) (High yield)
Table 2. Purification processes using various fusion BA peptides
Vector pKBA pMAL-BA pPGEX-BA pET-BA
Fusion Partner LacZ MBP GST HTS
Fusion Protein
25KD: 46KD: 29kD 9kD
Molecular Weight 2 al a @
. Inclusion Inclusion Inclusion Inclusion
Protein Form
Body Body Body Body
Glutathi -Seph His - Bind
Coupling Gel DEAE-Sephacel | Amylose S S S
4B Sepharose
Displacer NaCl Maltose Glutathione Imidazole
Medium LB LB 2xYT-G 2xXYT
Recovery of Fusion Protein
32 32 100 150
(mg/ € _cell broth)

Abbreviations : GST, glutathione-S-transferase ; MBP, maltose-binding protein ;

HTS, His-tagged sequence.
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