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STUDY ON THE COLORIMETRI C ANALYSI S OF TWO DI MENSI ONAL 
P I AI GI ELECTROPHORESIS BY SI LVER STAI NI NG METHODS 

S. Saneyoshi , M. Akaho ri , T. Hattori and T. Ohshima 
Tokyo Labo r ato ry of J OOKOO CO . , LTD . Tokyo , Japan 

Ther e a r e various appr oaches t o t he analysi s of 
Two Di mensi onal Elect r opho r esis i mages . Recently , 
the s tudy o f t he colo r analysis on pr ot ai n map by 
silver s t aining met hod has become a cente r of 
att ention . 

The s i l ver s t ain pr ocess is desc r ibed by Adams 
and Sammo ns wi t h ne t char ge , mo l ec ular wei ght and 
colo r . I n addition to a char acteri sti c position 
( orthogonal coo r di na t es) on a gel and an i nt ensity , 
the spo t s t ai ning is a cha r acteri s t ic hu e as well , 
us ual ly o f va r ious shades of yellow , r ed , gr een and 
blue . This multi dimentional anal ysi s wi l l pe r mit 
gr eat er r eso l ution , ac curacy and r el i abil i t y o f 
ei the r aut oma t ic or manual analysi s , whi ch i s 
att ainable via existing monochr ome appr oches . 

Howev er , u~ual me t hod o f co l or analysis i s o ft en 
unreli able and unce r tai n. I n o r der t o r emove thi s 
defec t, a new colo rimetric instrument fo r electro
pho r esi s use i s designed , whi ch displays the di gital 
col o r i nfo r mation . Based on advanced col o r s ci enc e , 
direc t digi tal r eading of tri s t imulus value XYZ 
( r ed , gr een and blue ) , CIE chr omaticity and co l o r 
di ffe r ence delta E* by CIELAB s ys t em ( Re comme ndatio n 
of Commi s i on I nt er nationale de l ' Eclairage) can be 
measur ed i mmediately . Mutual r elationship be t ween 
col o r di f f er ence and molecul a r weight was 
s u f fici ently estimated f r om t he r esul t o f measur e-
ment . 
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AGE-RELATED CHANGES OF TWO-DIMENSIONAL ELECTROPHORETIC PROTEIN 
PATTERN OF RAT LIVER 

T. Fujita, T. Toda and M. Ohashi 
Department of Biochemistry, Tokyo Metropolitan Institute of 
Gerontology, Tokyo, Japan. 

We have developed a high- performance and easy-handling 
procedure of 2-D electrophores i s using cellulose acetate 
membrane . The first-dimensional electrophoresis was performed 
on a c ellulose acetate st rip posterior to the concentrating 
electrophores is on it . Isoelectric focusing in the second 
dimension was done on several layers of cellulose acet~te 
membrane. Thus, several 2-D replicas of a sample were obtain
ed at once . Those replicas were stained separately with 
Coomassie blue , s ilver and Shiff ' s reagents. The quantitative 
analysis of protein spots was performed by a Joyce-Loebl micro
densitometer connected to the SORD M223 microcomputer system . 
This newly developed method was applied to ana l ysis of the 
age-related changes of proteins in rat tissues. 

Young (1 . 5M), adult (6, 12M) and old (24, 30M) rats of 
Wistar/ Slc and Fischer 34 4/ DuCrj strains were sacrificed and 
ti~sues were removes . Tissues were homogenized with 9 vol. of 
distilled water . Their 10,000 xg supernatants were subjected 
to the 2- D e lectrophoret i c analysis . 

Approximately 80 protein spots were detected on the 2-D 
pattern of rat liver. Six spots in them were markedly changed 
with aging. There was, however , sexua l difference in the 
quantitative trends . From these results, we determined an 
alteration of the amount of protein by a castration and by a 
treatment of testosterone . There was also tissue spec ific ity 
on the s ix proteins. Three protein spots were found on l y in 
the liver extract. Therefore, these three proteins might be 
liver spec ific proteins , and others were distributed widely 
such as in kidney, muscle and brain so far as studied . 
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SLAB GEL ELECTROPHORESIS AT ANY THICKNESS WITH EFFE
CTIVE SN~PLE MOVEMENT & GRADIENT FLATTENING OF SDS 
AND IEF GELS 

Y. Yamada and J. Kato 

Dept . OB- GYN , Yamanashi Med . Univ ., Yamanashi, Japan. 

Using techniques of our multibarreled microelectr
ophoresis , new apparatuses are developed for SDS slab 
gel, IEF gel and gradient flattening. The new SDS 
on e makes good effective protein movement from first
dimension gel into second- dimension gel , makes runni
ng time short , is convenient for the simultane ous 
p r ocessing of many polyacrylamide gel slabs and ult r a 
thin (IOOpm) gels , is adaptable , easy and inexpensive, 
and has many o t her advantages . The new IEF one redu
ces anodic and cathodic drifts in vertical gel rod 
IEF , can be used for many gels , can change length, 
diameter and shape of the gel arbitrarily , and can 
use high concentr ations of detergent to dissolve pro
tein samples. The th i rd one accomplishes MW gradient 
f l at t e ning of SDS s l abs and pH gradie nt flattening of 
IEF gel s at any gel segment , so any crowded areas in 
t he gel can be easily widened and any dispersed areas 
in t he ge l can be easily narrowed . These methods 
does not need any spec i al expensive apparatuses . 
From the grad i e n t maker to the ge l dryer , all the 
necessary apparatuses are simple , home- made and inex 
pensive . Many gels are simply piled up between two 
ordinary glass pans f or electrophoresis. Glass pla 
t es do not need notches and plate- sea l ing layers are 
s traigh t and narrow. Size a nd shape of the slab gel 
can be easi l y change d. Acry l amide polymerization can 
be adjusted by ice. With the simple and convenient 
gradient flat t ening for SDS and IEF ge l s , every gel 
segmen t can be used effectively and me aningfully. 

Memo : 

- 11 -



Two-Dimensional Electrophoresis-2 
May 9 (Mon.) 14;25 - 14;40 

FURTHER CHARACTERIZATION OF ERYTHROCYTE MEl'IBRANE PROTEINS BY 
TWO-DIMENSIONAL POLYACRYLAMIDE GEL ELECTROPHORESIS 

M. Ge gnon , B. Ros ~nblum , S. Hanash , and J o Nee l 
Dept. of Human Geneti cs, Univ . of Michigan Med. Sch ., Ann Arbor, 
MI 48109 , U. S. A. 

Studies of the erythrocyte membrane in our laboratory using 
two-dimensional gel e l ectrophoresis (2D PAGE) showed a comp lex 
pattern including over 600 spots (Clin. Chern . 28,925, 1982). 
Major cytoskeletal proteins (spectrin and actin) were not pre
sent in these patterns due to selective solubilization . In the 
present studies, we have modified the solubi lization procedure 
to include spectrin and actin in 2D PAGE patterns . In addition 
we have further characterized the multiple polypeptides seen 
in the original 2D PAGE pattern . Membranes were solubilized 
in various solutions all containing 2 % Nonidet P-40 , 2 % s
mercaptoethanol, 2% pH 3 . 5 Ampholines , but varied in the con
centration of urea and the presence of ionic detergents. Mem
branes solubilized with 4 M urea for 2D PAGE resulted in the 
pattern p reviously observed. The same membranes when solubil
i~dwith 9 M urea containing ionic detergents resulted in three 
major Coomassie blue staining polypeptides , corresponding in 
mo l ecular weight to the two spectrin bands and actin. Further 
staining with an ultra-sensitive silver stain showed additional 
polypeptides, however , these did not correspond to the poly
peptide seen in the 4 M urea pattern. Membrane pol ypeptides 
separated by 2/) PAGE were transferred for the de-c.ection of g l y 
coproteins. The membrane pattern obtained by solubilization 
with 4 M urea showed that many of these po l ypeptides were 
positive for carbohydrate . These studies show that erythro
cyte membrane proteins can be selectivel y solubilized to 
reveal a 20 pattern that corresponds to either cytoskeletal 
or non-cytoskeletal protiens ~ 
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THE EFFECT OF RADIOACTIVE AMINO ACIDS USED FOR LABELING CELL 
PROTEINS ON TWO DIMENSIONAL PROTEIN PATTERNS 

J. Klose and E. Zeindl 
Institut fur Humangenetik, Institut fur Toxikologie und Embryo
nal-Pharmakologie, Freie Universitat Berlin, F.R.G. 

Two-dimensional electrophoresis (2DE) of proteins followed 
by autoradiographic (fluorographic) visualization of the pro
tein patterns leads to a high resolution of complex protein so
lutions. Patterns showing several thousands of protein spots can 
be obtained from one type of cells . However, to reach such a 
high resolution, a sufficient amount of radioactive amnio acids 
must be incorporated into the proteins of the cells. We investi
gated, whether the radiation of the radioactive compounds af
fects the viability of the cells and therefore alters the nor
mal protein pattern. 

Human cells (Hep- and Hela-cells) a~a chinese hamster cells 
(CHO-cells) were cultured with 20 ~Ci C amino acid mixture 
per ml medium for 5, 8 and 20 h and with 200 ~Ci for 0.5 h. 
Thereafter, the number of cells which survived were determined 
by cell cloning (plating efficiency). Furthermore, the cells 
were investigated for chromosome mutations. Finally, the pro
teins were extracted from the cells and separated by 2DE. The 
protein patterns were analysed for quantitative and qualita
tive changes. 

The results showed a considerable decrease in the plating 
efficiency of the cells and a considerable increase in the 
number of chromosome breaks when the cells were increasingly 
exposed to the radioactive amino acids. In contrast, obvious 
changes in the 2DE patterns of proteins could not be observed . 
Some explanations for this discrepancy will be discussed. 
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TWO-DIMENSIONAL ELECTROPHORESIS OF CEREBROSPINAL FLUID 
PROTEINS IN THE ABSENCE OF DENATURING AGENTS 

T. Manabe, Y. Takahashi, *A. Hiraoka, *I. Miura, **0. Murao, 
and T . Okuyama 
Dept. of Chemi stry , Fac . of Sc ience, Tokyo Metropolitan Univ. 
Setagaya-ku , *School of Health Science , Kyorin Univ., Hachi
oji City, **Shimofusa National Sanator ium, Chiba City, JAPAN. 

Prev i ously , we described a "normali zed map" of human 
plasma proteins , which illustrated the standard distribution 
pattern of the proteins two-dimens i onally separated in the 
absence of denaturing agents. The present report describes 
two-dimensional electrophoretic analysis of cerebrospinal 
fluid proteins without denaturant . 

Forty specimen of human cerebrospinal fluid were s ubjected 
to maero-(employing 16 x 12 x 0.3 em slab gels) o r miero
(simultaneous run of 8-16 slab gels of 3 . 8 x 3.5 x 0.1 cm in 
size) two- dimensional e l ectrophores is. 

2- D patterns of human cerebrospinal fluid proteins resem
bled with those of human serum proteins, except the following 
features were observed . (1) High-molecular weight proteins, 
such as IgM , ~ macroglobulin, and LDL were relatively less 
in amount. {2? Several protein spots characteristic to cere
brospinal fluid were detected. (3) Haptoglobin polymers 
were not detected in most of the patterns,which suggested 
the selective filtration of serum proteins . 

A "normalized map" of cerebrospinal fluid proteins was 
prepared by comparing the patterns obtained from "hea lthy" 
individuals . When the patterns obtained from multiple scle
rosis patients were compa r ed with the no rmalized map, increase 
of protei ns at haptoglobin region was observed . 

Memo: 

- 14 -



Two-Dimensional Electrophoresis-2 
May 9 (Mon .) 15:15 - 15:30 

PROTEIN ALTERATIONS ASSOCIATED WITH RADIATION INDUCED 
CHROMOSOMAL DELETIONS 

L ~ Baier , SD Hanash , and Rg Erickson 

Dept . of Pediatrics and Human Gene tics , Univ o of Michigan Med D 
Sch o , Ann Arbor, MI 48109 , UoS oAo 

The . study of genetic effects of radiation in the mouse has 
l ed to the identification of l ethal albino deletion mutations o 
In previous studies , deletions of the albino l ocus (c) in 
chromosome 7 we r e sel ected for mutational anal ysis because homo
zygotes are nonviabl e and thus are easily detected . In hete ro
zygotes, t he radiation induced mutations interact with the 
albino allele causing albinismo 

We have detected p rotein alte rations associated with radia
tion induced deletions using two-dirnensionr~ esecr~8ggore~is . 
Live r proteins obtained from hornozYQQuS (c Co /c , c H/c 3H ) 

ch 14coS ch 3H - - --
and he terozygous (c I~ , ~ I~ ) mutant mice were 
analyzed ~ Both homozygous and heterozygous del e tions altered 
the p rotei n pattern . Sever al polypeptide spots were absent in 
patterns corresponding to mut ant mic e , whereas other spots 
that were undetectable in the normal were quite obvious in the 
mutant groupo Agreement with the normal p r otein patte rn was 
much closer for heterozygotes than for homozygotes o In homo
zygotes , the extent to which p r o t e in alterations were observed 
between mutant and normal mi c e was propo rtional to the length 
of the del eti on o The l onger del etions e xpressed substantial ly 
more protein diffe rences than the shorter deletio ns . We con
clude that two- dimensional electrophoresis al l ows the iden
t ificati on of p rote i n p roducts of d e leted structural l oci as 
well as the identification of secondary effects related to the 
deletion of r egulato ry loci o 
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