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Abstract—We obtained the total protein antibodies of Saccharemyces cerevisice KCTC 1720 and Escherichia
coli K-12 from the rabbit and the guinea pig to determine the host-derived proteins which may be remained
in biotechnological products. The protein concentration of rabbit antibodies was 4.05 mg/m/ in the case of
yeast, 7.14 mg/m/ in the case of E. colf and that of guinea pig antibodies was 1.90 mg/m/ in the case of
yeast, 7.17 mg/ml in the case of E. coli, respectively. To determine remained host-derived proteins in biotechno-
logical products which produced by the hosts, S. cerevisiae or E. coli, we used a sandwich enzyme linked
immunosorbent assay method in 96 well microplate. When the method applied to determine the remained
host-derived proteins in commercial biotechnological products, it detected less than 3.5 ng/vial in human growth
hormone, less than 1ng/vial in hepatitis B vaccine and interferon-¥ and 2~23 ng/vial in interferon-. The
method can be used to determine the remained host-derived protein in biotechnological products.

Keywords ] sandwich ELISA, determination of host-derived proteins, Escherichia coli K-12, Saccharomyces cere-
visiae.

T 2AEHA e 23 AYasre] F&3 wA nant soluble CD4’s 59 f-83t AAA=| A ZHE2
o2 Feelld f2g ABAAELE o} Ao NadFrt A% AP=z glvkMathieu, 1993; Chiu,
7H1:Q--5']_eq A7} s A5 givk 1991).

FEV|E, AL R dAFEIE, vAE AZ-FsFeerEe =32 &7 E colig *
o] &71% 59 AELEIe WS 253t P o1} #HZojl= yeastr} Chinese Hamster Ovary Cell

o2 A7) Aele AYATE A%F 59 AL 7}
=37 3tk 19793 GenentechAlr} #|A2] ol
FAFG7EE o) &3t E. colicl A A4 & AR
Ba7ked WAl interferon-q, AFHAAE 22 interferon-
Y, &84, colony stimulating factor, tissue plasminogen
activator, superoxide dismutase 5-o] 7'dxe] JobE
o2 AME T 91T epidermal growth factor, recombi-
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S Agste] AABAEAD o] #E] ZEE
2 ¢JcKChiu, 1991). ZWdlAs A &=F=2 E coli,
yeast, eukaryotic cell & A-4-3lo] A %% interferon,
Baztd WAl ApRARAE =R, 284, colony stimula-
ting factor o] A=l QJeH(gh=A &4 33, 1993).

AET e E-e fAAmT e 3l ke dg
£ 9l o] e glov, 52 AMgs #F AE 52
o] QB s} gich kg EIE S5
Al Al iAol FARA] o]ExilAdZA LA Bt
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of A E Veld  glg Bl ol grtE we)
HozH Hel - AA7|s Nd) g wsin s
2. ey sPate] 8 3-EtH(Briggs¢} Panfill, 1991).
Woll A AbEsl=]e] AME-HZ Qe AEFTHGE
2ol vlo, ¥ 2 #34 S ¥y 44
di= I AEFeE, A4 3 raddads
Z1Z&35}7] $181] enzyme linked immunosorbent assay
(ELISAYE F2 r}&-sba glch Zefv} 2 AE-Tdte]
ekEulc} direct ELISA, indirect ELISA, sandwich
ELISA =+ dot blot method 5 tvlekgh Aaka]g A}
312 glolA EAAR | oHS F2 9k m3 7
AETEgegEvlt AAs e FF SFFu
Ao B EX7F A2 @efs ZFYdy FA7|Fe] g
K3} °] 7|FES wlEsted 283 AEFE 2793
Y Ao HAs] dasio

B2 B odFed A sandwich ELISAE o] &3}e]
HEE FUE Aguye e AEFEe
GF] FAAZ A hed r|oishuat slinh

Ay

Total protein F=

Yeast 23 B total proteing FZ3}7| 93}d Saccha-
romyces cerevisive KCTC 1720 straine 30T ol A}
oksled 2 50 ml9] YPDWIA](1% yeast extract, 1%+
Bactopeptone, 2% glucose)ellx] 244]7F =ZIEknlekal &=
FAE(1,100X g, 1508t ¢4 JAEFL gk o]
74 AAEL disruption buffer(50 mM Tris-HCl, 10
mM EDTA, pH80)2 A& F 10m/e} £ buffere]
desla o] Fetde] 1/4H32) glass bead & ol 2
A7k o]k vortex mixereld FEHsledr) o)FA L&
49& A FARE(1,100Xg, 158)3te] I HFL A
7% % total proteingl 445-<4-& #H At} Total proteins
BCA protein assay reagent(Pierce)® Aakgl & 452
3te] A2k g 7bA] —70T o] Bgksleick

Escherichia coli 2 4% total proteing S£5387] 98}y
E. coli K-12 straing- 50 m/2] LB¥IX|(5 g yeast extract,
10 g Bactotryptone, 10 g NaCD«l 4] 37C & 18~244]7}F
A Alegufokal & AEE](1,100X g, 158)8te] 74
AAES At o] #A FHES disruption buffer®
AAg F T buffer 10ml/el] sl o] Fedadl e
ice bathellA] sonicationd}e] AZE R4 slac) o] &
B& o}A] AIRE(1,100X g, 158)3}¢] total proteingl
&g Hsch Total proteind BCA protein assay
reagent® A F S¥ste] AR o 7px] —70T o
233l ckJohnstone™ Thorpe, 1987).
Total protein &Mle] 2| o Hx)|

E7)¢} guinea pigoll yeast®} E. coli total proteing
Ztz} FAbste] yeaste} E. coli total protein A2 &

400 yg/mi7} A, guinea pigell A}k total protein
F== 100 ug/mi7} E %% 10mM phosphate buffer
(pH 7.0)% s}Astct. ] AH total protein 500 <}
Freund’s complete adjuvant(GIBCO) 500 /2 Luer fit
E AHEsE] & @A) T B A= g5,
guinea pigd] A= HAsle| 3~47d HE fFe] F
Abstel tH(Catty, 1988). t4A] 22 <k2] il Freund's
incomplete adjuvant(GIBCO)ef] & d=A|zl 5 E7]9
735ollE 254, guinea pig?} B¢l 15Y 7HFo2
3~43)l AA FApslgch 2E HES B T E7)9
guinea pigell A AHalAct APE AL 4T oA st
23 WA E & AARE(,100Xg, 308)3ke] ¥AS
Fstodct o)7]ell 100% L3} ammonium sulfate 8-°4-&
AAE A7bsle] 45% F 3} ammonium sulfate £-o8-2-
YHE F 25C ol A 3087 FAE) AeFqict o] S
AAEE(1,100X g, 308)3}e] A4S wlelz AAE|
27] €43 Fek9 phosphate buffer(pH 7.002 ¥
Zdct SJ3 v e 2 40% EF ammonium sulfate
SHE qHEo] 25C oA 3087 AAE] AolF F o)
|95 YA A,100Xg, 3083t ArEde. W
AAEe #7] €43 F2] phosphate buffer(pH 7.0)
1 oS £ bufferdl A sEEE Eol &4
Atk FA= 292 o8] binding buffer(10 mM Tris-

pH75)E B3 A7 =2 Protein A column(Pierce)

10m/ 49 elution buffer(0.1M glycine, pH 2.8)=
42 A7t} Spectrophotometer® £2] 8o 280 nmel| A
peakE Z+= H8-& wol Centricon(cut off 10,000, Ami-
con)$ o435t F&a F Asle] AMEE j7kx] —70
T ¥HsigchDeutscher, 1990; Harlow$} Lane,
1988).

#2 2 AHAZ yeaste} E coli total protein L)
purityZ- <rolrR 7] 9]sle] sodium dodecylsulfate(SDS)
& T3 10% polyacrylamide gelolx 317)ed %8}
R pandE FeldtHch
Total protein A9 titer X

whall A 5 59k 2R (0.01 M carbonate buffer, pH 9.6)
L 2 total protein X5 500 ng/m/ZE 3] 3te] 96 well
microplateel] 50 W4 BFstm ARLo) A 12X]7F oA}
A} T2 well: £F5=2 3~53 A3 ¥
TBSA(0.01 M Tris-HC], 0.88% NaCl, 1% bovine serum
albumin, pH 75)8 60 ¥ geo] Ab2o)A 22121 Fak
blocking3gith. thA] o) wellg FFFE 3~53] A FF
¥ E7]9} guinea pigEHE UL total protein A
Zzy AgEr w2 TTBSAW.01M Tris-HCI, 0.88%
NaCl, 1% bovine serum albumin, 0.05% Tween 20, pH
75)ell A B F 50 W FFsled 37C oA 24]7F
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whg-x| 2t} o)wl control®x TTBSARF 50 ¥ F3ivh
7 well-s TTBS(0.01M Tris-HCI, 0.88% NaCl, 0.05%
Tween 20, pH 7.5)2 3~53] A H§ F 27| A-ele
QAT RE Qe fuEfo] HEA| oA} ZEE
E7|84(Boehringer Mannheim)& 1:10002% TT-
BSAZ 3|M&}1, guinea pigd ZAHlE FL2IH
de gkuZyo] HZA|ctelAlrt A%HE 8 guinea pig
3} (Boehringer Mannheim)& 1 : 50,0002 % TTBSAZ
3 Ajsted 50 W FP& F 37C oA 2417k A FTh
wl2o] 23 & 7} wellg TTBSE. A& 3}, o-Phenyle-
nediamine dihydrochloride(OPD)£-9] 50 W& def %
A X ek 1087 HAAR F IN 34b& 100 @4 gl
4k AR 7)1 492 nmel| A FHES SAFAS
Sandwich ELISA HH{ZS 0|23t total protein2] &2
Guinea pig=%E %< total protein FAE &3
Zgdo 3 yeaste] Aol 1:100, E. coli®] 73-5-<l&
1:5,0002.% #Ase] 96 well microplated] 50 u#]
B3 124]7F o)Ak A&elA FRAIFTh FAY wellE
22tz 3~53 AAY F TBSAE 60 uy Hof A2
o] 4] 2417} blockingdt et t}A] o] wellS SF52 3~
53 42§ & total proteind TTBSAR 10 ug/ml, 1
ug/mi, 100 ng/ml, 50 ng/ml, 10 ng/ml, 5ng/ml/, 1ng/
mie) 3= DA F 50 WA go 37C ol 4] 24|13k
w-&-A) 71t} o)d controlel= TTBSA%F 300 4 ¥ itk
o] well& TTBSE 3~53 A F BEr72HE L&
total protein A E yeast?] A-$elE 1:10,000, E
coli2) A% 3= 1: 1,000.2% TTBSAe! 343t 50 W4
ol 37C oA 2417k ube-A| AT g ¥ TTBSE A
HAsla QAa2HE dL FaFuo] HEA|ttelA7t 2
39 3} 277|345 TTBSA] 1:50002% 3)4 3}
50 W® Fdg & 37T oA 242k WA ZTh e
g & 7 welld TTBSE A F etz OPDEY 50 uE
Yol 1087F X7 & IN 4k 100 g & 9ol i<

Table L Titers of rabbit and guinea pig antibodies against
total proteins
A. Yeast protein antibody

Rabbit Guinea pig
Antibody dilution rate O.D. Antibody dilution rate O.D.
1:10,000 0.348 1:10 0.761
1: 1,000,000 0.034 1:100 0.032
B. E. coli protein antibody
Rabhit Guinea pig
Antibody dilution rate O.D. Antibody dilution rate O.D.
1:10,000 1.870 1: 1,000 0.656
1 : 100,000 0.165 1: 10,000 0.178

A A 712 492 nmelA FHEF SA sk
Sandwich ELISA HHHE 0|83 REXXIZEFZS
g SFEFefcE ek

o) 4] A|BEE= yeastd} E. coliE £FE o]-83
A4ket Bz eke)erE-2 AAE sl sFfFHUdHAS
Aekalgch 2+ 43S 05mie TTBSAZ 9 ¥ 4
£8¢ 504 Hsigon, ZEAEe A
A g ste] FAES 4L F o5 0.5 m/e] TTBSA
HeA)A 50 WE FHstoich 2 sample ¥ AFEE &
Zoaichala o) ke 9o 7] sandwich ELISA
wpol] whet sl

Sandwich ELISA 2HHE 0|28t total protein®] M2

E7]9} guinea pigEFE] 92 total protein A
titer2 228 A3 Table 134 2t} o]uf A3} yeast
protein &A wlAe wrE Er7|25E & A7t
4.05 mg/ml, guinea pig2%& QL A7} 1.90 mg/ml
gom E. coli protein &4 w9l e = E7|2HE
& #3)7} 7.14 mg/ml, guinea pigEH¥H 2 A}
7.17 mg/mi¢ich. Yeaste} E. coli protein &A 25+ gui-
nea pigell Bls) E7]el A A& A9 titer gho] =adck
E. coli protein 3} E7)9} guinea pigell 4] 92 34

106 kd —» §

80kd ——»

495kd —»

325kd—»

27,5kd —»

Fig. 1. 10% SDS polyacrylamide gel electrophoresis of total
protein antibody. Lanes; M. Molecular marker 106 kd, 80 kd,
495kd, 32.5kd, 275 kd; 1. E. coli protein antibody from gui-
nea pig; 2. E. coli protein antibody from rabbit; 3. Yeast
protein antibody from guinea pig; 4. Yeast protein antibody
from rabbit.
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=2 AL

R yeast protein Al v]3] titer Fhel
e

e g AA A9 £ dolrs] 5] 10%
SDS-PAGEE &gt Az} 55 kilodalton(kd)® 27 kd
AR el 4] band7} vhebstzd], ol AE ZH2 34A 9] heavy
chain® light chaine® F3AErt}l Guinea pigEt-E
8. yeast protein 3] 2] 734 32 kd 9] & | A band7}
FR A JElstEd o]z A9 light chain®] U3
gy JAEER of o] HAE PstA] galrhFig. 1).
IgG2] heavy chain®] 2Rk 92k 550000] light
chain®] EA}ek2 ik 25000 HEel ZALE HIEH
o] ¢ m(Harlow®} Lane, 1988) stA|e] &5 wel it
HErl ole Aoz o2l glckJohnstone Thorpe,
1987).

Sandwich ELISAHMH-& ELISA¥MY = 714 sensi-
tivedl™ 100 pg/ml~1ng/m/ *$] 2] protein antigeng

et 4 o)vta el 2ltHAusubel 5, 1992). Sand-
wich ELISA ﬁl“ﬂd S o] &3t wla-g Aaksled g)
[ R,

oJA] 71A 203 guinea pigZEY¥-E] -2 total

s ik Mg

=

CHINEL 24 123
protein A} 7 2XE UL total protein A
Al gs FAS) 2Asls 7102 FdEe] sandwich
ELISA HM{& o]&3} ozl Hske] zIR2 xo]s)
H3ked guinea piget E7ERE - total protein 3
A2 FAule-2 H3AA At APAT yeast
protein &+A) 2] 79- guinea pigel| 4] d-< A2 1:100
o2 7oA Qe FA S 1:10,00002 5452 u
7 & F=E delyfiti(Table II). Guinea pigel 4]
e S 1:20, E70|H P& 32 1:10,00002
M0 el 1ug/mi~10ng/ml HY 0.D.3k]
zpo]l & vhehfjz] koxz 7 We] childg ksl
o2 gl2= guinea pigell A A2 A E 1:50, B7olA]
g A5 1:10,00022 XL W& 1 pg/mi~1
ng/m/ H9 ] WAL Aekslr] oz g} =3} guinea
pigellAd 2& AL 1:50, E7)A & FAE 1:
100,000 3]43¢ 799}, guinea pigeld ¥ &
AE 1:100, E7)olA @2 345 1:100,0002.2

A-e dole 10 ng/mi~1ng/m/ W] ghize
2k517] oelsich E. coli protein A2 7%= guinea

k|

A

Table II. Determination of remained host-derived protein using sandwich ELISA

A. Yeast protein antibody

a 1:20 1:50 1:100
C b 1:1,000 1:10,000 1:1,000 1: 10,000 1: 100,000 1:10,000 1: 100,000
10 ug/mil over 1.7514 over 1.697 over over 1.766
1 ug/mi over 1.641 over 1419 over over 1.366
100 ng/mi over 1.683 1.744 1.345 1.722 1.379 1.154
10 ng/mi 1.851 1.648 1.456 1.326 1.465 1.086 1.060
5 ng/mil N.D. N.D. N.D. N.D. 1.409 1.024 1.009
1 ng/mi 1.683 1.536 1.566 1431 1477 0.949 1.057
a. Dilution rate of yeast antibody from guinea pig.
b. Dilution rate of yeast antibody from rabbit.
c. Protein concentration.
d. 0.D. at 492 nm.
N.D.: Not done.
B. E. coli protein antibody
a 1:1,000 1:5,000 1:10,000
C b 1:1,000 1:10,000 1: 50,000 1:1,000 1:10,000 1: 1,000 1: 10,000 1: 50,000
10 pg/mi over over 1.537¢ over over 1.216 1.228 0.259
1 ug/ml over 1.625 1.392 over 1.777 1.103r/0.730 0.075
100 ng/m/ 1.702 1.495 1.377 1.521 0.621 0.000 0.162 0.000
10 ng/ml 1.470 1.394 1.269 0.975 0.593 0.000 0.021 0.000
5ng/ml N.D. N.D. N.D. 0.838 0.558 0.000 0.000 0.000
1 ng/ml 1.509 1.397 1272 0.687 0.599 0.000 0.000 0.000

a. Dilution rate of E. coli antibody [rom guinea pig.
b. Dilution rate of E. coli antibody from rabbit.

¢. Protein concentration

,d. 0.D. at 492 nm.

N.D.: Not done.
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Table III. The quantities of remained host-derived proteins in biotechnological products using sandwich ELISA

Biotechnological _ WHO
Detection value recommendatory
products requirement

Hepatitis B vaccine
Interferon-a
Interferon-¥

Human growth hormone

less than 1ng/m/
less than 46 ng/mi
less than 1ng/m/
less than 1ng/m/

less than 1000 ng/mi

pige] 4l A& FAE 1:5000, E7jell A de A2 1:
100022 A3t o M 2 AxE et
Guinea pigellA] €2 AE 1:1,00002 3|Hsly =
el A 2L gAE 1:1,000, 1:10,000, 1:50,0002.2
3l shel-2 w2} guinea pigellA] €& FHE 1:5,000,
2704 4L §AHE 1:10,0000.2 3A519S o] 2%
10 ng/mi~1 ng/ml W] dy4d-& Heksir] 2ot
{Table II). Table Ile] el Esdx )= 33 o)A} ul
Ao o8 Qeiz] ghg HFg Zolr)h o] A elA
guinea pig2Y¥E -2 total protein A S F3A7
wello]] TTBSAZ _J/HQ‘} total protein @j4] TTBSA=HS-

Yo control2 32 7% yeast protein FH= 1.054,
E. coli protein &A= 0.895 AHEZo =& E3c g

vehliEd o] 712 guinea pigE R E ‘:ﬁ?_ total protein
FAZ} & 27 gadge] HeAltielasl Aga ¥

A9} cross reactivity® 7FAZ ¢)7] wWlE Aoz A
2t} Guinea pigellH & AL 1:1000022 3
Aaled direct ELISA Wl o2 8 E7] <kuifo] 7
LA ttolA 9} A7) AL 23.5% AHE Q) cross reacti-
vityE 7FEldh B 3se] glci(Boehringer Mannheim
GmbH, 1992). © 8¢ 2.813}17] $15k3 guinea pig2 #¢l
de g E FHAFA] e welld] TTBSARZ 343
total protein ¥§41 TTBSA 300 & €¢ control® &}
aAth. 2 ZA3} yeast protein 32 A$ 0.000, E coli
protein A& A% 0.000~0.035 AL e FTaw
A% Ve,
Sandvnch ELISA 2HHE 0S5t METEeofEol =
FENCHHE HE

5,1‘4101]/3 AlfeEle JETTdE-S $lold 7]&3
sandwich ELISA ¥ & o]&sle] SFgactuliag
7% A3, Bztd WA 9} interferon-¥ A AE
1 ng/vial(1 ng/mi) o]3}e] whildo] HZ =9l o inter-
feron-a AA 2 74-= 2~23 ng/vial[d~46 ng/m))e] &
Walo] AZHqr) = AIFAAE2EA A= 35ng/
vial(7 ng/ml) o]3}e] whiido] HEEglorm o] Hup=
*}E‘e}"éﬂt}iflﬂxﬂu}ﬁ ch2A4 Al 9l Az A)
A SFEHAeRAd AEde didset fARIdh
WHOS®) A% 71&A+= 1000 ng/ml ©)8l=2 As)x gl
o Aol AMggE AEFere|bEe] Af BF o] 7153

2 Jehgrh(Table 1D, AFahs &34

E&“ﬂ]g ‘E'Zﬂ"“’— ojAe] Aol A HAREE °é°7]
= Aot 131‘4— o HEL ko] Aol "zt
%% dodle AL SA/N7L AP 5HEE e
gt ks Byl #ate]r] wEol J]"r‘ﬂ?"H
A7l et BAZF Z2cTron %, 1989; Powers =,
1989). ZelB 2 -2 ko] b5 v dgle] WHouli-2
do7lE FES 29 7 vk dA T interfe-
ron A A2k 7P°““"Uﬂ7<ﬂ°ﬂ et S5h-2 A §
SHHE AAA A dow AFAAZZEAAY A
= 10 ng/vial o]st2 A4 U=]gt kFo) FF
w25 HEE0E GEC d@4 S5 g
e, AEu-e oekEey ““11-011 e} th27] o
ol AEwe slejA BdAdE AAE =]
ste] Zl AEFEAE AMREHIT g)E E coli K-12
2} S, cerevisige?) total proteing ¢ o2 dho] B7|9)
guinea pigE}E total protein I+ 3 o] sandwich
ELISA W& o] &3t S5fref w3 Ha3wys 7)
watgl o, B ooli K-129) A< 7H%= F5E 52
AREEEE Sl 97 gk old A% E- olz K-122]
MR dgte] 7H R sl Feolah @A o] uhy
o 28] AASEE ofd Bg BAAE sz

ool & 7o 2 A7t}

HALel 2%

o] T 19939E BANEY Al Q7A go)
Ss) ol T o olo] ZHA=H]ch
EHD23
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