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Ahstraet 
It has generally been accepted that the@ and y subunits of G proteins are tightly associated and can only be dissociated under denatu~ng conditions. 

However, one form of the y subunit, free of the B subunit, was isolated under non-denaturing conditions during the purification of Br complexes 
from bovine brain. Amino acid sequence analysis revealed that the N-terminus of this y subunit was not blocked and its sequence was identical to 
that of a brain-specific y subunit, ys. Among three forms of y subunits observed in bovine brain (y2, ys and y7), yX was the only form that was not 
modified at the N-terminus. Although the physiological significance of the free form of yais not clear, these results suggest that N-terminal 
m~ification of y subunits may be important for interaction with /? subunits. 
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1. Introduction 

Guanine nucleotide-binding regulatory proteins (G 
proteins) couple a variety of cell surface receptors to 
second messengers to generate effector enzymes or ion 
channels [ 1,2]. G proteins are heterotrimers composed of 
three different subunits, 01, ,6, and y, and each of these 
subunits has been reported to exhibit molecular hetero- 
geneity. To date, cDNAs encoding 21 distinct 01 subunits, 
four/3 subunits and six y subunits have been cloned [2,3]. 
The j3 and y subunits are believed to exist as a tightly 
associated complex that functions as a unit. The /3y com- 
plexes promote interaction of the c1 subunits with recep- 
tors and regulate the rate of dissociation of guanine nu- 
cleotides from cx subunits. In addition, the j?y complexes 
interact directly or indirectly with various effecters, 
which include phospholipase A*, cytosolic phospholip- 
ase C, adenylyl cyclase and potassium channels [2,3]. 
Functional differences among various forms of fly com- 
plexes seem to be attributable to the y rather than to the 
@ subunit [4,5]. Among several y subunits, y, and y3 are 
specifically expressed in rod outer segments and brain, 
respectively [2,3,5-8], while y2, ys, y7 and a novel form 
of y, tentatively named ys,, are widely distributed in a 
variety of tissues [2,5-lo]. Bovine brain mainly contains 
three forms of y subunits, namely, y2, ys, and y7 ]5- 
9,11,12]. 

It is generally accepted that the /? and y subunits can 

*Corresponding author. Fax: (81) (568) 880829. 

be separated only under denaturing conditions [I]. How- 
ever, we found one form of the y ‘subunit, free of the 
corresponding p subunit, during placation of fir com- 
plexes from bovine brain under non-denaturing condi- 
tions . We report here the isolation of the y subunit free 
from the/? subunit. The isolated y subunit was identified 

as Y3. 

2. Materials and methods 

2.1. Isolation of subunits of G protein 
The y subunit, free of the correspondingp subunit, was isolated from 

bovine brain as follows. A cholate extract of membranes was subjected 
to successive column-chromatographic fractionations by the method of 
Asano et al. [5]. During the initial chromato~aphy on DEAE-~ph~l, 
the fractions containing& complexes were partially separated from the 
main fractions (Fraction I) that contained GTPyS-binding activities, 
and the former fractions were designated Fraction II, as described in 
a previous paper [5]. Fractions I and II contained relatively large 
amounts of yz and y,, respectively, but both contained similar amount 
of y3 [5]. Fraction II was applied to a column of Ultrogel AcA 34, and 
the fractions containing /3r complexes were then applied to a column 
(1.5 x 25 cm) of heptylamine-Sepharose which had been equilibrated 
with 20 mM Tris-HCl (pH 8.0), 1 mM EDTA, 5 mM b-mercaptoetha- 
nol, 20pM AICI,, 6 mM MgCI,, and 10 mM NaF (TESfAMF), supple- 
mented with 100 mM NaCl and 0.25% sodium cholate. The column was 
washed with TEWAMF that contained 0.25% sodium cholate and 300 
mM NaCl. Then, /3r complexes were eluted with a 400-ml linear gradi- 
ent of 0.2-0.05 M NaCl/0.25-1% sodium cholate in TES/AMF (Fig. 1). 
Fractions 54-60 were pooled and concentrated by ult~~t~tion with 
a membrane (UP 20, Advantec Toyo, Tokyo, Japan). The concentrated 
fractions were diluted with 5 volumes of 20 mM Tris-HCl (JYH 8.0), 0.1 
mM EDTA and 0.7% 3-[(3cholamidopropyl)dimethylammonio]-l- 
propanesulfonate (CHAPS), and then applied to Mono-Q HR 515 col- 
umn (Pharmacia LKB, Uppsala, Sweden) which had been equilibrated 
with 20 mM Tris-HCI (pH 8.0), 0.1 mM EDTA and 0.7% CHAPS. The 
column was washed with the equilibration buffer and the protein was 
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eluted with the linear gradient of NaCl (O-O.3 M, 30 ml; and 0.3-l M, 
5 ml) in the same buffer at a flow rate of 1 ml/min in an FPLC system 
from Pharmacia LKB (Fig. 2). Each fraction (1 ml) was collected in a 
tube that contained 10 ~1 of 100 mM ~t~othreitol. Fractions 10 and 
11 were pooled and stored as the free form of the y subunit. 

The pr complex that contained only y3 (Ely,) and trimeric G, were 
purified from bovine brain by the method of Asano et al. [S] and by the 
method of Katada et al. [13], respectively. 

2.2. Electrophoresis 
Sodium dodecyl sulfate-polyac~l~ide gel eleetrophoresis (SDS- 

PAGE) was carried out by the method of Laemmli 1141 with 10% 
polyacrylamide gels. For the analysis of y subunits, TricinelSDS-PAGE 
was performed by the method of Schagger and von Jagow 1151 with a 
separating gel (16.5% polyacrylamide) that contained 13.3% glycerol. 
As sources of standards, low-molecular mass and polypeptide-molecu- 
lar mass electrophoresis calibration kits (Pharmacia LKB) were used 
for SDS-PAGE and Tricine/SDS-PAGE, respectively. 

2.3. Amino acid sequence analysis 
The isolated y subunit (15 pug) and the by3 complex (15 pg) were 

subjected directly to amino acid sequencing on a gas-phase automated 
sequencer (PSQ-1; Shimazu, Kyoto, Japan). 

2.4. Other methods 
The immunoassay specific for the&r complex was carried out by the 

method of Asano et al. 114. Proteins were quantitated by the method 
of Schaffner and Weissmann with bovine serum albumin as the stand- 
ard [17]. 

3, Results and discussion 

Fig. 1 shows the elution profiles of By complexes from 
the heptylamine-Sepharose column. Analysis by SDS- 
PAGE (Fig. 1B) revealed that fractions mainly contained 
/? and y subunits. Analysis by Tricine/SDS-PAGE (Fig. 
lC> showed that fractions contained three forms of y 
subunits. y3 generated two bands during TricinelSDS- 
PAGE. Because both bands reacted with the antibody 
against y3, they seemed to be y3 [5], but the reason for 
two bands was not clear. /?y complexes containing y3 
were partially separated from those that contained y7, 
and y,-rich fractions were subjected to chromatography 
on a Mono-Q column. As shown in Fig. 2A, three peaks 
were detected by monitoring absorbance at 280 nm. Elec- 
trophoretic analysis showed that the major peak con- 
tained By complexes composed of different y subunits 
(Fig. 2B and C). The same electrophoretic analyses 
showed that the minor peak, which had eluted earlier 
than the major peak, contained only one form of y sub- 
unit which was free of the /? subunit. Another minor 
peak, eluted by a high concentration of NaCl (fraction 
34), contained the /I subunit, which was identified with 
the antibody against the@ subunit ([16]; data not shown), 
but it did not contain a significant amount of the y 
subunit (Fig. 2B and C). When By complexes in the 
major peak fraction were rechromatographed on a 
Mono-Q column, no further free form of the y subunit 
was observed. Fig. 3 shows results of SDS-PAGE and 
TricineJSDS-PAGE of the fhral preparation of the y sub- 
unit that had been freed from the @ subunit. The prepa- 
ration contained no a or B subunits, and it contained 
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Fig. 1. Column chromatography on heptylamine-Sepharose of/&’ com- 
plexes from bovine brain. (A) The @r complex-rich fractions from 
Ultrogel AcA 34 were applied to a column of heptylamine-~pharose 
and were eluted as described in section 2. Closed circles show concen- 
trations of /Jr complexes, as quantitated by immunoassay with a mix- 
ture of /IT complexes from brain as the standard. Open circles show 
absorbance at 280 nm. (B) Patterns after SDS-PAGE and staining with 
Coomassie blue of the column fractions. (C) Patterns after Tricine/ 
SDS-PAGE and silver staining of the column fractions. Numbers on 
the left indicate molecular masses in kDa. Fractions 54-60 were pooled 
for further purification. 

only one form of y subunit which had identical mobility 
to y3. Approximately 50 pg of y subunit were obtained 
from 500 g of bovine brain. 

To determine the primary structure of the isolated y 
subunit, the y subunit was subjected to amino acid se- 
quence analysis. The amino acid sequence obtained from 
the free form of the y subunit (MKGETPVNSTM- 
S~~ARKM~ was identical to the N-terminal sequence 
of y3 (161; Met’-Met’?. Because the N-termini of most 
y subunits seem to be modified [lO-12], it appeared pos- 
sible that N-terminal modification was absent only in the 
free form of y3. To examine whether the N-terminus of 
y3 that was associated with the @ subunit @yJ was 
blocked, the /3y3 complex was directly subjected to 
Edman degradation. Methionine was established as the 
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Fig. 2. Chromatography on a Mono-Q column of Br complexes from 
bovine brain. (A) The br complex-containing fractions from heptyl- 
amine-Sepharose were applied to the Mono-Q column and were eluted 
as described in section 2. The solid line shows absorbance at 280 nm. 
The broken line shows the concentration of NaCl. (B) Patterns after 
SDS- PAGE and staining with Coomassie blue of the column fractions. 
(C) Patterns after Tricine/SDS-PAGE and silver staining of the column 
fractions. Numbers on the left indicate molecular masses in kDa. 

N-terminal residue and continuous analysis revealed the 
N-terminal sequence of y3 ([6]; MKGETPVNSTM- 
SIGQARKM). The molar recovery of N-terminal 
methionine represented approximately 60% of the /3y3 
complex applied to the protein sequencer, indicating that 
the N-terminal methionine of y3 that was associated with 
the p subunit was not modified and resembled that of the 
free form of y3. 

To determine whether y3, free of the /3 subunit, had 
biological activities similar to those of the By complex, 
the isolated y3 was examined in various experiments. 
However, the free form of y3 was not effective in facilitat- 
ing ADP-ribosylation of the a subunit of G, by pertussis 
toxin or in inhibiting calmodulin-stimulated adenylyl 
cyclase activity. In addition, sucrose density gradient 
centrifugation showed that y3 did not associate with the 
CI subunit of either G, or Gi, (data not shown). 

As mentioned above, the By complexes were divided 
between two fractions (Fractions I and II) during the 

first step in the purification [5] and the free form of y3 
was isolated from Fraction II in the present study. When 
By complexes were purified from Fraction I, which 
mainly contained yZ and y3 [5], by a similar method, y3 
free of the B subunit was also obtained. Thus, considera- 
ble amounts of the free form of y3 could be purified from 
bovine brain. The results shown in Fig. 2 suggest that the 
free form of y3 was derived from a By3 complex. At the 
present time, it is not clear whether y3 was freed from the 
/I subunit in the cells or during purification. However, it 
is unlikely that the dissociation is simply due to the insta- 
bility of theBy, complex, because the free form of y3 was 
not obtained from purified /3y3 complex that was stored 
at 4°C for 10 days. 

In contrast to relatively large amounts of free y3, sig- 
nificant amounts of the free forms of the other y subunits 
in the brain (y2 and y,) were not obtained from any 
fractions examined. To date, six forms of y subunits have 
been purified from various bovine tissues and subjected 
to Edman degradation. No PTH-derivatized amino acids 
have been detected in the analysis of y2 [11,12], ys [lo], 

y7 W-121 and ysl ([51; unpublished data), presumably 
because of modification of the N-termini of these pro- 
teins. Indeed, Sohma et al. [12] indicated that the N- 
termini of y2 and y7 seemed, respectively, to be acylated 
alanine and acylated serine residues at position 2. By 
contrast, the N-terminal residue of y3 was found to be 
unmodified methionine in the present study. In addition, 
the N-terminal residue of y, was reported to be unmod- 
ified proline at position 2 [18]. Yamazaki et al. [19] iso- 
lated /I subunits freed from yi during purification of the 
By complex from rod outer segments of Bufo marinus, 
though they did not isolate the free form of yi. These 
results suggest that modification at the N-terminus of y 
subunits might increase the affinity of each for /3 sub- 
units. With respect to the localization of y subunits, both 
y, and y3, whose N-termini were not modified, were 
found to be specifically expressed in rod outer segments 
and brain, respectively. By contrast, y2, ys, y7 and ysi, 
with modified N-termini, are widely distributed in a vari- 

SDS-PAGE Tricine/SDS-PAGE 
1 2 3 1 2 3 

Fig. 3. Patterns after SDS-PAGE and Tricine/SDS-PAGE of trimeric 
G,, /3rS and the isolated y subunit. Samples were subjected to SDS- 
PAGE or Tricine/SDS-PAGE and proteins were visualized by staining 
with Coomassie blue (left) or silver (right). Lane 1, G, (1 pg); lane 2, 
Brg (0.5 pg); lane 3, the isolated y subunit (0.2 pg). 
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ety of tissues [2,3,5-101. The low affinity of y1 and y, for 
the /3 subunit-may reflect the specific funct&s of-these 
y subunits in nervous tissues and rod outer segments, 
respectively. 
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