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Purification of carcinoembryonic antigen (CEA) employing
polyacrylamide gel electrophoresis
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Carcinoembryonic antigen (CEA) was purified from extirpated tumor tissue of patients with adeno-
cinoma of the colorectum. The tumor weighing 347 g were homogenized, extracted with perchloric
acid, and filtrated on Sepharose 4 B gel. Collected eluates with high CEA activity were further
filtrated on Sephadex G-200, and finaly purified by preparative disc electrophoresis using 7.5% polya-
crylamide, which has higher concentration than the one used by previous investigators.

The purified CEA, total weight of 6.7 mg, showd 2.4S by ultracentrifugation, was able to
migrate in 7.5 9, polyacrylamide gel and was stained with PAS.

Additionally this CEA was found to have identical immunogenicity as CEA of Gold by comparison

of standard curves of radioimmunoassay using these two CEA, and to be heterogenous.
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% EL1 Y99 CEA 5% heterogeneous T $H%5 Z &
ARBHR TS,

B EEEEEES O BERBRHEY 5
Gold 5! Dl UCHE L-ER %, 7.5%
AVTZIAT IF - FrieHCCEBAT 4 A
7BEXET I OTIHIKER L, Bbhlcik&
ERc o T LAY s b O R LR R
wRE L.
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CEA % ¥l 500 HFEMEhI, Fiinc
I oTHER S hickEBE s O EREREE AV
fo. T YIREEAR 5 EHEMRY FIEERE
L, {#ECEET5 FT-20CIC HFE LT HREFL
to. MR O A ETEEN34Te, 13fEMIT, HEFHN
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i3 X OEEAME TR LI D THS.
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1) SRk

BB AR WL, AR T vFIRLEOD
%, Virtis <60’ homogenizer % A\ Tk F T
£313045/), 45,000rpm = homogenize 1 7=,
KT HBIBA 4 v KRR g w2 & dml DEIGT
Mz, 4°CTI1HFEBERE LA Lic. SHic2M
BERERY B LA S MiEng, BHEEEL
2304 7o %,  Sorvall HBLMHELRILEE C
4°C, 12,000g C3NRHEI L, LiEx2EHF =
— R ARTHKER LT 2 HE, & swefiv+
VKR LT 3 AREEN Uiz, Wi A4 KT R
FLh o L3 L. & OB S hichiigkx
Bideth TEMk L TEREA R\ oD %, Amicon
HEL PM-10 7 4 1 2 —% [\ 7o [RAMERZEE

(DIAFLO) —Ci#fa L, BRASHZHER Lic.
oA Rl ZfER Lic.

2) Sepharose 4B # A-JEiE

HEREZHRHERESHERE W30%E H25

B SRER I H A DURREFZ R K % 10ml o
W (0.05M E—phfiho Vv Ak &T:0.9% A
K) CHEMBL, Ebc XoTikELRE, 4°CT
Sepharose 4B #° v « 75 A (5.5%80cm, Phar-
macia #8) T BT B Lz, B
JHEEE60ml/h., 43 &l 1mlftube C, F5HEEEEAH
PEALEE B FOSR A RBRIGET UV-540M % Fw~ T
280nm CTEEE Li-.

Zhb o4y o CEA fEHE#A0.01M, pH 7.4
IR ISR I A Al | ZERER ETA 7 28
=l ko THER Lo 77— L, BiA+ K
et UCET L, BRIGHMR Lic.

3) Sephadex G-2004° L @

Sepharose 4B » A 12 X 5 CEA {E¥EE4
i OBFEZIE R A B 0 10m]l 1B L, &
W UCikE R ¥, Sephadex G-200%° 1 « 3 5 A

(Pharmacia #81) #H\T, 4°CT2 e~
77 4 —%fTole. BubhiciE, » 7 28
%, WBHERE, SR L Sepharose 4B 4T
RWBDSEE ERA—ThHo. CEA FEHLRIE
R LTT -1 L, B, WREREH: L.
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P 7 4 A 7 BRI IR L R R
ARV 7279473 F FARKKEREE (CD-
50) #F i, EVT7ZIATIF A0
87.5%, TEEHAOmA, FEHEESOml/h., JyE &
5mlftube “THofz. CEA EEMAEEECH 7 2
B == XoCiED T = L, HHT, WS
e,

R R R & L.

Ll EoHET Lo TR Lz CEA nipBifkE
138 X O M E LB 35 7w, ROJjk
Eogii LAYl
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CEA oz Hunter 5o Hikic ¥ 14T
37z, CEA 20p1(Img/ml) } 2%-1 Na () 2mCi)
w3z 3w T 200l (Img/ml) %0 % T0F
R X, # 2 EEGREES b Y 7 A BER200p1
(1.5mg/ml) W€ FiE%fEIlE 28 CobE BIC
Sephadex G-100# 4 « 5 5 & (0.8x30cm) -CfE
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fuic CEA o HeliiiEiz28~35pCifg THOT.
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urence'® LOTHFEICHE LTI I AT
w 2 A BITo7. W E LT Gold X hiffitxh
JoiEdE CEA % il L. FEEo #d 5H
oD DRI 5 &, BEE10041, #96,000f% 1
FRf Lic umig100p1, 3 X% EHSEMTE % 4
Z6 &t MR RIEREEHE100p] # RE LT, —®
A VF L= g v, B3 CEA 100p] 292 T
EhIL - A vFLN—va v, 20%HEE
1gG HuifiE (L) 100p Z2hnz, ST 26
A vF2~—v v LiobERL, hEOHK
HHRERRITE L7,

6) T 4 A7 BRIKE

A%B LOT5%DEVTIZIAT IV
A A{ER L, Davis'® o jEc#E U T2, k)
Bor AR T I K75, 210B Yefn,  Shiff 33K
wRGICEEAY . (PAS BE) IV 7YY
T Vb TRl L.

kB Dy 0 CEA S wr o 5 i
1L, RIS Lic ¥ A% 2mm O Xz A
Z A AL, 0.0IM, pH 7 4 feifis g crsht
ShcE 3 2mm 0 | ZHEFFHR_ECHR M
ERLTH 7 & v = —&fTo7.

) h T AETESESKE)

EHOEH CEA S IURIEL Lz Gold 1D
R4t S BiEE CEA o %7 SERIKE) i3,
LKB %% S B & kEh#E MODEL 8,100
(110ml) # {§iFg L7-. carrier ampholyte 3 pH
3—10% X0t pH 4—6 D bk HH L, TEE
600Volt —T24MFfH], X 5Hiz1,000Volt -T2485[,
4°CTHREBI LIcD®, 330 (90.8ml) Fo40H
B L, %4« OEICoWT pH & UHER RIE
L.

8) MBEILHT

BRI E 12 AL B (FEhay
FE) Wofkid U7z, {41 B 1L Beckman Model E
(A EHER59, 7T00rpm) T, F§iE 130.01M, pH
7 AR AR ET T hH 0T,
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1) Sepharose 4B 35 X ¥ Sephadex G-2004 1
TE

TEgE ALk & OB SEEE 4 OB IR R
DEFIT432mg T H Dtz = D% Sepharose
4B 7« 9 5 A TEH LR, Ao
[, CEA B —o LTS JHTE+
L OHHENS bRt (Fig. 1),

Sephadex G-200%" o 38T CEA {EPEI1La5—
e & e DRI wbh, MNE L LTIER
NI 2 [R—4efE CH I 227 iR, CEA FHik
HHETS v-7 e 7Y v E—F Ui MALCAE LT

(Fig. 2).
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SletEa R L, CEA JEMEEIL »-7/» 7Y vicse
RN IALER R CEE i o o bR,
CEA &M% 77— U, B, WS LD
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Fig. 1 Gel filtration of the perchloric acid extract
on Sepharose 4B. CEA activity is shown in the
shaded area.

0.104

N

o

[=]

@
L

\_~

Absorbancy at 280 nm
- o
[=]
&

o
R
:

ALB oy e e
0.00 4 \————__ --
'J@ < e
T T ""L e
40 60 B8O 100 120

Tube number( 1 1ml/ tube]

Fig. 2 Gel filtration of the partly purified CEA

on Sephadex G-200. CEA activity is demonstra-
ted in the shaded area.
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DOWAFS. Tmg T, BERMAMILY D1.55%
WA L7e (Fig. 3).
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Fig. 3 Purification of the CEA by polyacrylamide
disc gel electrophoresis. 7.5% polyacrylamide
was used. CEA activity is shown in the shaded
area.
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Fig. 4 Analysis of the purified CEA by 7.5%
polyacrylamide gel electrophoresis. The pro-
teins were well stained with PAS (left) and
faintly with amide black 10B (center). The
electrophoresis of normal serum stained with
amide black 10B is shown as a control(right).
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Fig. 5 Analytical disc electrophoresis. CEA acti-
vity is demonstrated in the shaded area on dou-
ble diffusion technique. Electrophoresis pattern
of the normal human serum performed in the

same conditions is shown cn the bottom.

AT, i &R O TEE A O 87 4
» 7 BREBET, KRV 2T I ¥ TS
v 7 10B 3 Y OB A YD LcRR, BRI
BE» OB~ band L ULTHMA I, RS
DWHAEEHHMET I P75, 710Bi2 x5 Xxh i
PEERARE T BRcRA I i (Fig 4), 7
VYT /b s TA—RaDFERET I V752
10B LiziEREETH oMk,

F RSB E o 7 A% 2mm O X ik
YL T CEA i 2D 5 7o, Flmiificsd L
T double diffusion #4727 §5E, CEA Lk
R EAN T —F T B DA S Bt (Fig.
5).

4 EE

AEILHT O F5E, i — 7 o PRRER
2.45 ThHot., FOEMICLLL K EV com-
ponent 232 7 £7213 3 I b hvicas, Bl
MR TH oD E— 7 HMEL, ERE IR
BETH27.

5) ST

s CEA % pH 3—100 ampholyte #-
FAT S AR RIKE) 2To7c #6E,  BORERE
VTR A 5L L, pH 3.0LL T XU pH 4.0
v — 7 NS b AT, Gold s BH3RfH: X i fEak
CEA % [RIERC kB Lick 25, 35& O
CEA & #ifth @22 —vx FE1L, pH 3.0LSF&
pH 4.21c v — 7 3B bk (Fig. 6).

pH 4—6 @ ampholyte % i\ ~7zfkThTix, i
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Fig. 6 Comparison of "“*I-CEA purified and la-
beled by auther (top) with the one by Gold
(bottom), using column electrofocusing with a
pH 3-10 ampholyte.
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Fig. 7 Comparison of auther’s **I-CEA (top) with
the Gold’s (bottom), by column electrofocusing
with a pH 4-6 ampholyte.
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Fig. 8 Comparison of standard curves of radioim-
munoassay made by auther’s CEA (O --- Q)
with the Gold’s (x —~-- x)

7 BB EF o LT, #E pH 4.80
v — 7 k¥ <, pH 3—100 ampholyte 2 1 %
KB OH A L FIRIC LT b Y HEOBFEA RS
USF (e (Fig- 7}.

6) I AR

EHH OIS CEA 510 Gold X bRt hic
CEA iR & LT, FAOEH CEA Bk
O CEA Bt &\ e i 5 ook A 4
7y A RCE T, FEORE CEA X 5E
#EMEIdh ey, Gold o CEA 1 X % il g &
R —0-2 2 — v gLl (Fig. 8).

# =

) Gold & 2% iEIEE o R b
B E A G Licos, FE 7r—7 0
Krupey &3 IM BEEFEEC X 5 &SNS O
W%, paper block F 4 ki), Sephadex G-200%
AGE %A AV o CEA ok A R LIC” 25
F o HRE R S, Sepharose 4B L {fiE
LU Sephadex G-200% AjEic X 5 KB ¢ X b
M Dy CEA il L7, Coligan B3 Z D
R LT 5. von Kleist 5 i3 MR
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W DEFIBRZE Pk Ay % Sephadex G-2004 i
BTHBL L2, 597 4 A 7 BEKEI©2 Kk
DR BB TS, OB LT HE Xh
#z CEA RAHHIF 4 # 7 AWKV, S8
ERKENOO, WEA R ISR 7 3
7 B HT OV e Fie k2T heterogeneity 7% 2
Bbhh, SLCHEEREORGE—7r CEA 2K
REIhaLENRR DB TS, 19724F, Plow
¥ X' Edington 53'9, Krupey 5o JFpkic
Ui CEA % X5 1o SE B NkE), DEAE-
Cellurose HS A« 2m= 757, —, HBES
BE % FH fo 5T 1w X o T isomer CEA
(CEA-S) RSB L, WML OBM:Hi M IEH
R R R R MBI E A B b ke L
LTWwA.

CEA [3ff>T—fi#ic heterogeneous 7r 3 & T
B HH, G B BRIk s off
EB R VIR 0ER F 1003 Eifko% /g L CEA
SR O b #H T, H#lE hi: CEA 1
BE—E LR 7 3 7 B & R L, RELER
ik, WEFEN TS —ED HEY FL v
63}"5) 3)'

Lo LR EBC o Tl S huis CEA @
IoT i hZER N bk, Gold 5Ht5.475~
8.08, Coligan & ¢» CEA. }%6.8S, 10.1S, von
Kleist &134.18, 7.28 L #i& L C\5%. EEo
BEmOEi e — 27 OWREERIX2.48 T, Thbic
S BB EMED/EL, von Kleist & small
component D2.08, 2.4S 1= F{LLLT\w5B. =D
ZEROFEFO | DxHIEH B oEE o2,
73D 5 BRI B AIBIER DR o 7 VR
EDERBOERTHY, | DIREEC Lot
THEEZLRTWSY, EEZOKH CEA pUh
SHOREEE, ZOoWThiyHEY TS EEL
bhas.

Coligan 5%, von Kleist 5934 %HV 7 7
Y7 I8« FrifvwT CEA oS5 4 A2
BRKBZTokh, FLHRLIHK EREDT.5
BRIVTZIATIF el CEA HiE AT
BThro by @®, ZoOBREOFAYH Wz

HAE SR RE S #5398 2%

BT ¢ A 7 BRIKE) < X2 T #liqk % a0
To. WIS T B OB 7 v s LU EEHE ¥ i
CEA JEH:DBFIIR D LDt & &b,
FE O CEA 13fkfE S hi- CEA X h 4y
FEIIEWZ ELE L RS,

o CEA % I THEEk L, Sephadex
G200 v « B ATHEHLLERECE, WRE
LTCHEH LI EHAD v-7 v 70 viEs (7T~8
S) IL—F L UHRBEMEAR »Hhic. Zhii—
FFJE UIcER ThBa%, Sephadex okt
it X 2 0T, o AR TS TR X
D haFokE Xy THEOLE 2T
BHALBENRE Shiaiw, CEA BHofnTFiE
LD b RET EREWSEICERE IR S X
HEEZLNS.

pH 3—100> ampholyte # i\ 7= %8 S 4 s
TI3EEE ORI CEA 1R FEER i — i »
v— 2 %% L7z, pH 4-—6 ¢ ampholyte # -
TopkBh Tk v — 7 13 &I L, heterogeneous
ThbHI LM Lic. ZhtoikEopETE
dkEhic Gold o CEA % §kihLic B4 L 3T
FEE CTho fohd, EE o il CEA 13 Gold @
CEA 1D oo MEoEms4i bl O
fitix Banjo 5 OB L ISR TH B, Coligan
52 X EE SO A VT CEA D bl
BWEAPBH L, Brov—2ouFhic b HEE:
HAEFH LT3,

BHEBES D 73 7 4 A 7 BRIKEEE 07 %
TIN5y 210B, VYV FVETA—F XN
PAS 1€ & B4uta s ToiofE ek, PAS Zufh
Lok LT, CoOERPBEEATHS 1DOD
Bl 5b0EF L bhs, Jufn SRz
Banjo 5% o CEA X DiE» <, m R
ERbhBY, KigMOELEM TS LWEX
sk,

= OYufafifiic—3; 1T double diffusion |z T
CEA JEPEEFER L7,

HHEORH CEA ot E 4 B35
TebIC ST oA A A7 7y 1wl RIC L HERE
Pl 2 (R Ui, 3 ot CEA xR
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Gold mffEfE CEA 12 BN, I hic B\ Hif
DFRDLRICH, (FER—-OMBRYRL, WE
2ER ChaieiEie B % Lk L.

w

FEl E RGO BIE SRR Y 25 Sepha-
rose 4B #7135 X O Sephdex G-200% yi§5H, 7
AT 4 A 7 BRKEC LT CEA ORRl&1T
el P

8 5 hc BRI KRR ) D 1.55% D E B
CHEY L, HEREYE CHERRR S i
HECRESh, BELSFCL2ERE-270
e EBX2.48 T Hofe. L LEFRAERK
a7 5 & Sl % /R L, heterogeneous 7 4,
Cotent, Gold o CEA X b o=ofhk o
w7 Ui, BEEEHIMER Tk Gold o CEA % J
WA L« RO R L, W OB
e BT 5 Lk L.

RS 285 B A RAEIEE L 2 % bok REE L
(FERIER e RERE v 2 =) o Lo HEEHw -
S BEETERE AR (R REIE M) R R
MoEXEL ET.
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