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| Introduction

Colnr stainng of poly pepades 133

Ultrasensitive silver-based color staining of polypeptides
in polyacrylamide gels

A oor development system for staining polypeptides in one- and two-dimensional
polyacrylamide pel electrophoresis 15 deserbed. The basis of the process involves
the complexing of silver with polypeptide reactive centers. The reaction is initiated
by placing a palypeptide-contiuining gel, previously equilibrated with an appropriate
conceniration of silver nitrate, into A redocing solution that contzins sodium
hydroxide, sodium borohydride, and formaldehyde, After an appropriate time in
the reducing solution, the gel is equilibrated through two changes of an enhancing
solution that comtiuns sodium carbonate. The sodium carbonate is necessary for op-
timal eslor development and prevention of excessive swelling of 1the gel. Optimal
codors nppear in the polypeplide-wlver complexes after several hours in the enhonc
ing solution and are best appreciated while viewing over a Meorescent light box that
radiates light at 3000 °K. The color of each polypeptide-silver complex is clearly
visible above the light background of the stamed polyacrylarmde gel. Colors of
staned polypeptides are bMoe, preen, yellow, and red. Subtle shades of colors also
appear and thereby allow sisy discrimination of overlappeng spots of polypeptides
in & two-dimensional gel. To illustrate the method’s relative sensitivity, & two-
dimensional pattern of human fibrobiast polypeplides s compared with paterns
of a duplicate gel that is staiped with Coomassie Blue and developed by
autoradiography. The sensitivity of the silver stain process is superior to Coomassic
Blue amd 15 comparable to aulocadiography aller incorporation of conventional
levels of M S-methionine. The utility of the procedure for identifving and characteriz-
ing human proteing is Mlustrated by staimng human plasma and platelet polypep-
tides pfier two-dimensional gel elecirophoresis. The pel electrophoresis color
development system consists of steps that are simple, reproducible, and sensitive,
and most importantly, which vicld cobored polypeptide-silver complexes that are
reproducible from gel 1o gel and tissue (o tissue

Combining iseelectric focusing (IEF) in one direction and
sodium dodecyl sulfate (SDS) electrophoresis in the other |1
hes stimulated a Murry of recent developments that include
the two-dimensional (2-D) gel SO-DALT system [2-4]. Ad-
vinces in one technology naturally lead to advanees in an-
other. Thus, as 2-D gel electrophoresis demonstrated high
iesolving power nol previously realized by prioe technigues,
the deficiencies of staining methodologies became more ap-
parenit, therchy calling for new ultrasensitive methods for
staimng polvpeptices. Monochromatic staining dyes such as
Coomasse Blue are insensitive and stuin only the most abun-
fant polypeptides. Ulirasensitive polypeptide detection is
sessible with incorporation of radiolabeled amino acids or
pher radiolabeled precursors of proteins; however, the
precedure requires active protein synthesis. Oflen the signal
of the incorporated radiolabeled precursors 13 too weak, and
many of the cells' progein gene products are nol detected, In
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addition, proteins present in body (luids end in human biopsy
samples connot be praclicelly radiolabeled. A series of pro

cedures has evolved that utilizes the binding of stver to pro-
tein reactive centers | 5-13]. The silver staining methods were
borrowed from histology and photography, are mono-
chromatic, and are ultra-sensitive if performed on gels less
than 1| mm thick., Sersous disndvantapes peculiar to these
mmethods include time-consuming multisiep processes, oo,
special Hghting or temperature requirements. Goldman e
al. [14] have described some shades of color afier silver
staining spinal Muid and plasma proteins; however, the
method that was described soffers many of the same disad

vaniages of the other monochromatic silver stains.

This paper describes a new gel electrophoresis color develop-
ment system® for silver stainmg of polypeptides in one- and
iwo-dimensionn! polyacrylamide gels that is simple to use, ef-
feient (batch-wise staining of gels), reproducble, ulirasen
sitive, inexpensive, and is optimized for gels 1.5 mm thick.
Most importently, however, the polypeptides complex with
silver in a characteristic manner and the colored polypeplide-
silver complex 15 readily visualized while backlighting with
white light.

* The siver-hased color development sysicm was Gl desenbed o the
First Annunl Meeting of the Elecirophoresis Society. Charlzszon, Seath
Casoline,. April T-10, 1981 {150
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2 Methods and matenals

2.1 Chemicals

Acrylamide, NN -methylenehbisnerylamide, and  sodium
dodecyl sulfate (SDS) were reagemis of Serva Chemical
Company, NMNMN . N-Tetcamethylenediamine (TEMED)
and Standard Low-Mr Agarose were products of Bio-Rad.
2-Mercaptoethanol wits purchased from Eastman Kodak.
The Tris base and glycine were obtained from Sigma
Chemical. Ammonium persulfute was obtainsl from J. T.

Baker. Sodium hydroxide, phosphoric acid, acelic acxd, and
anhydrous godium carbonate were obtained from Mallin-
krodi. Silver nilrate and sodiuvm borohydnde were purchas-
ed from Alfa Products. Chemicals for photography, Kodak
X-Omat R film, and Extachrome E6 Duplicating film 6121

were purchased from Eastman Kodak, L- [8]-methsonine
(1260 Ci/mmol) from Amersham was used {or radiclabeling

ol cultured fibroblasts. Ampholines (pH 3-10) were obtained
from LKB.

2.1 2-D Elecirophoresis

Two-dimensional gel electrophoresis was performed with the
[SO-DALT system and solutions and procedures were
prepared and used according to directions | 16], DALT tank
buffers were changed immediately prior to electrophoresis
and were not reused. All solutions excepl ammonium per-
sulfate, TEMED, and DALT tank buffer were filiered
through 0.22 micron filters prior 1o use,

DALT plites were washed in Micro detergent (International
Products), rinsed with water, finally ninsed with 95 %
ethanol, and air-dried, Cathode and anode electrode solo-
tions in [EF were sodium hydroxide and phosphoric acid,
respectively. Ethyvlenediamine is not recommended as a
cathode solution %nce a dark greenish interfering
background will result during staining with ilver. Samilarly,

il was observed that the use of ethylene dichloride solvent in
repair of the DALT tanks conlaminated the bulfer and sulb-
sequently the DALT gels, thereby resulting in an intesfering
background. For best results the IEF gels were equilibrated
with fresh equilibration buffer which contained 2 % J-mer-

captocthanol. Bromophenol Blue was deleted from the
equifibration bulfer. Equilibeation was done for exactly 30
min, and the IEF gels were frozen al =70 °C until needed. A
minimum of agarose was used to bond the IEF gels to the
second dimension. The SDS second dimension consisted of a
10-20% pradient of acrylamide. The polyvacrylamide gel is
1.5 mm thick with a total gel volume of 54 mil.

2.3 Preparation of protein samples

Protein samples were derived from human hbeoblasis,
plasma, and platelsts, rat heart, and Chinese hamster liver
and kidney. Human fibroblasts, originally established {rom a
skin biopsy, were cultured to confluency in F-12-DMEM
with 10 % fetal calf serum. Immediately prior to L-[MS]-
methioaine (1260 Ci/mmaol) addition, the cells were rinsed
several times with serum-free celture mediom (M EM without
methiceaing) Serum-frez medium which containded 10 pCw
mi of ¥S-methionine was then added to the cells and culiure
was continued for 20 b, The labeled ¢ells were seraped rom
the plastic colture flask (Falcon, T-25) with a rubber pofice

Elesirophoness [9ED & 115=140

man and pelleted in Hank’s bofler wath 2 Beckman

Miccofuge. The Hank's medium was aspirated from the
petles and the cells were immediately vortexed in 100 ul 150-
UREA mix [146].

Human plasma from blood collecied in sterile sodium citraie
{9 parts blood 1o | pare 3.8 % citrate) was centrifoged lor J
min in &8 Beckman Microfuge Model B. The plasma was
stored frozen at =70 °C. The plasma was diluted 1:10 into
I5C-UREA and 20 il were boaded onto each [50 gel.
Human plotelets were isolated according o [17] and were
filtered on a Sepharose 2 B gel (Sigma) column prepared ac
cording 10 the method of Tangen et al. 18] using a plastic 50
ml svringe barrel and eluting with Lyndon's bulTer [ 19]; The
platelets (3 X 10%) were then centrifuged and the pellet dis-
solved into 200 wl of ISO-UREA [16). Twenty mbcrobiters
were loaded onto the 150 gel.

Rat heart standards were prepared as previously described
| 20| and dibuted 1:25 with hot agarose. The warm rat heart
protein-agarose solution was solidified by cooling a filled tip
of & Pasteur pipette in an ice bath. After extrusion of the
agarose rod from the pipetis tip, a 15 mm peece was placed
on top of an SDS polyacrylamide {10-20% gradient) and
fixed in place with a warm agarose solution,

One hundred milligrams of wet wetght liver and kidney Irom
the same ammal were manced with & razor and homogenized
into | mlof ISO-UREA mixture | 16]. After centrifugatson at
223000 x g for 2 at 20°C, 15 pl of sample were loaded
oo each 150 gel.

3 Resulis and discussion
X1 Silver-based color development system

Table | summarizes the steps required for staining poly pep-
tides with the silver-basad color development system.
Groups of five gels are placed into the various solutions tn g
Pyrex tray (12" x 17" x 3") and are gently ngitated on a plat-
form shaker. The steps are performed al room lemperatur:
and lighting. During the procedure, surface evapoaration i
prevented by covering the trays with Saran Wrap. After elec.

Table 1. Staineg proceduse for the slver-basmd gl aleccroghoness
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trophoresis the polypeptides are fixed in the polyacrylamide
gel with a mixture of 50 % ethano] and 10 % acetic acid (ge]
volume: solution volume = 1:5.5), Generally the gels are lefi
overnight in the fixative wheréupon the washing steps ars
completed the next dav. Fairly extensive washing is recom-
mended 1o completely remove 5D5 and carrier amphodytes.
The gels may be stored in the last wash step of 10 % E1OH
and 0.5 % acetic acid until silver staining can be instiated.

I is essential that solutions used in the staining procedure be
degassed prior to use. Duning the equilibratson of the gels
with silver nitrate, a balance between concentration of silver,
gel thickness, and protein concentrotion must be made for
optimal color. An ideal concentration of AgNO, for 1.5 mm
thick gels 1% 1.9 g/ and equilibration should be done for 2 h.
The oprtimum ratio of gel volume to solution volume s 1:3;
howeser, some laxity can be accepled in this ratio. The gels
are bracfly rinsed in degassed H,O to remove excess surface
silver and then submersed m & reducing environment. The
reducing sodution consists of 0.75 » NaOH, 7.5 ml/liter {or-
maldehyde (USP 37 %), and 87.5 my/hiter NaBH, (54 vol

pme: sofution volume = 1:5.5), The [ormaldehyde ghould be
pdded to the reducing soluwton immediately prior to submer

gion of the gels, Addition of NaBH, enhances the color
slightly but is not absolutely necessary. Protsin spots begin
o appear within 5-0 min; bowever. the spois are only
yellowish-brown om a vellowish-orange background. Fer
best results the gels should be removed from the reducing
solution within 10 min and placed into the color enhancing
salution {gel volume: solution volume = 1:3.3).

The color develops as the sodium carbonate diffuses ino the
gel nnd continues for the next severnal hours. Two changes at
I b intervals are necessary to remove the excessive NaDH,
After one hour of agitation of the gel in the last Na;CO, step,
the el may be set asde. Generally the colors are optimal
within 6 b and are best viewed with backlighting on a stan-
durd Meorescent viewer, 5000 *K, davlight. The colors are
gable in the Na;COy for scveral days; in fact, the
kackpround tends to lighten as time passes, without signifi-
zont foding of ¢olors. The stlver stain procedure 15 designed
o optimize several advaniageous features such as ease of
e, time efliciency, reproducibility, and inexpensivencss,
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1.2 Relative sensitividy

Fig. 1 illustrates the sensitivity of the silver stain process
relative 1o Coomassie Blue and M*S-autoradiography. Equal
amounts of fibroblast protein were loaded onto the silwer-
stained 2-LY gel as the Coomassie Blue stmined gel. 11 15 ob
vious that the silver stain is far superior 1o Coomassie Bloe
staining. The autoradiograph was obiained by developing X-
Omat film that was exposed 1o the Coomassie Blue 2-D gel
for @ days, Careful companson of the silver-staned gel to the
autoradiograph shows comparable levels of senstivaty.
There mre some spofs wisible on the silver-stpined gel
(designated A) that are not observed in the avtorndiograph,
These spot did not have enough °S-methionine thcorporated
into their pamary sequence. In contrast, some spots clearly
visible in the sutoradiograph (designated B) do not appear or
are barely wisible in the silver-stmned gel. Apparently these
profcing incorporale &8 dispeoportionstely larger amount of
methionine than other proteins. These prodeins are dim on
the silver stuin because they are less abundant or bind less
alver than others. In order to more easily visualize the pro

tein, 8 more concentrated protein snmple should be added to
the [EF gel.

3.3 Applicability toward one-dimensional gels

Fig. 2 shows the applicability of the silver stain 1o one-dimen-
sional gels. The rat heart standard was prepared and run ex-
actly as deseribed by Giomett] e al. | 20] except fiftyfokd less
protein was applied to the SDS gel, The same protein bands
were observed as previously reported with Coomassae Blue
saining. The colors of each protcin may serve as internal
color standards as well 85 molecular weight markers. In this
way corrections can be made for slight variations in color in-
lensity that may be duc to unavoidable variations in stain
from day 1o day.
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