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ABSTRACT. The structural differences between two major forms ofdh&ubunit of the heterotrimeric G
protein & were found to be due to deamidation of either of two Asn residues near the C-terminus of the
proteins, in a region involved in receptor recognitione i6the most abundant heterotrimeric G protein

in mammalian brain. Two forms of the proteingfand Gg, are known to be generated by alternative
splicing of a single Ga. gene. A third isoformpoc, represents abodit; of the oo protein in brain and

is related toaoa, from which it is thought to be generated by protein modification. Mass spectrometry
and chemical derivatization of tryptic fragments of the proteins were used to localize the structural difference
betweenoa andaoc to a C-terminal peptide. Sequence analysis of a C-terminal chymotryptic fragment
both by ion trap mass spectrometry and by Edman degradation identified Asn346 and Aso3 fasf
alternative deamidation sites mpoc. These structural differences have immediate implications for G
protein function, as they occur in a conformationally sensitive part of the protein involved in receptor
recognition and activation. Since Asn347 is a conserved residue present in most G @retdianits
outside thens family, these observations may have general significance for many G proteins. Deamidation
may be a component of a novel process for modifying or adapting cellular responses mediated by G
proteins.

Heterotrimeric G proteins are integral parts of a major number of established and potential mechanisms modulate
mechanism used by cells to respond to their extracellular signaling through G proteins. These include receptor
environment {—5). These proteins mediate the effects of desensitizationd), which may also initiate switching the G
possibly hundreds of receptors, allowing them to have a protein preference of receptor$Qj, and attenuation of G
primary role in integrating cellular responses to multiple protein signaling through RG®roteins (1, 12). There are
signals 6). Signal integration is one role of G proteins likely other less well understood but emerging processes as well,
explaining the diversity of subunit isoforms making up these

proteins 7, 8). In addition to regulation by receptors, a 1 Abbreviations: GAP, GTPase-activating protein; MAP kinase,
Mitogen-activated protein kinase; MS, mass spectrometry; MS/MS,
tandem mass spectrometry; ESI-MS, electrospray ionization mass
T This work was supported in part by NIH grant DK37219, NSF  spectrometry; MALDI-MS, matrix-assisted laser desorption ionization
Grant EPS9630167, and MUSC support of the MUSC Mass Spec- mass spectrometryyvz, mass/charge ratio; RGS, Regulators of G

trometry Facility and the MUSC Protein Chemistry Facility. protein signaling; SDSPAGE, SDS-polyacrylamide gel electrophore-
* To whom reprint requests should be addressed. Phone: (843) 792-sis; urea/SDSPAGE, SDS-PAGE in the presencd 6 M urea; TCEP,
3209. Fax: (843) 792-2475. E-mail: hildebjd@musc.edu. tris(2-carboxyethyl)phosphine.

10.1021/bi981642q CCC: $15.00 © 1998 American Chemical Society
Published on Web 09/29/1998



14652 Biochemistry, Vol. 37, No. 42, 1998

such as receptor-stimulated cyclingafubunit palmitoyl-
ation (13, 14), and activation of G proteins by accessory
proteins (5, 16).

The primary G protein in brain is &, which mediates
the inhibition of calcium channelsl), the activation of
MAP kinase (8), the development of neuronal growth cones
(19, 20), and the regulation of vesicle traffickin@1—24).
The G, proteins constitute from 0.2% to 1% of brain
particulate proteinZ5, 26). Related to Ga by immunologi-
cal reactivity @7, 28) and by primary sequence?) is
another protein called &. A similar protein has been
observed by many laboratorie®7-34). Thea subunit of
this G proteinaoc, is purified as a heterotrimer containing
a population ofsy dimers distinct from those associated with
aoa (28). Recently, we found that this protein accounts for
as much as a third of allio protein in brain (Mclintire,
Dingus, Wilcox, and Hildebrandt, unpublished experiments).
Although aoc and aoa are related to one another, thec
isoform is structurally distinct fronaoa (30, 32, 35). It is
thought to differ fromooa by some covalent modification
(28), although previous efforts to identify this difference were
not successful3l).

The aoa and aoc proteins have different mobilities by
urea/SDS-PAGE (30, 32). Despite this difference, the
proteins were found to have little or n&:2 Da) difference
in their molecular weights35). Many arguments suggested
that these proteins would differ at their N-termini, including
differential processing of the related protein 86, 37) and
a recently described novel modification of the N-terminus
of the as protein @8). Surprisingly, the N-termini ofioa
andaoc are identical; the difference betweena andooc
was localized to the C-terminu8%).

Here, we report the location and identity of the difference
betweenooa andaoc. The aoc protein was found to be a
mixture of two isoforms containing Asp substitutions for
either Asn346 or Asn347 afipa. These substitutions are
in a conformationally sensitive part of the C-termin@8-<
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treated trypsin (Sigma, 1:50 w/w) and digested at°82
overnight. For digestion with chymotrypsin, 1.5 nmol of
isolatedooa and apoc was precipitated in nine volumes of
ice-cold acetone. Precipitates were resuspended inL40
of 20 mM Tris, pH 8.0, 1 mM EDTA, 1 mM DTT, 10 mM
CaCh, and 0.01% Thesit containing sequencing grade
chymotrypsin (Boehringer Mannheim, 1:50 w/w, protease/
protein) and digested for 30 min at 2E.

HPLC Separation of Digested Protein®roteolytic frag-
ments ofopa and aoc were separated on a 46 30 mm
Aquapore C8 RP300 column (Brownlee). Buffer A was 10%
acetonitrile, 0.1% TFA in water, and buffer B was 75%
acetonitrile, 25% 2-propanol, 0.095% TFA. A linear gradient
of 2%—80% B over 60 min (trypsin) or 2%60% over 30
min (chymotrypsin) at 0.5 mL/min was used, and absorbance
at 214 nm was measured during the gradient. Five percent
of the eluate was analyzed by a Finnigan LCQ ion trap mass
spectrometer with an electrospray ionization (ESI) source
while the other 95% was collected as fractions at 30 or 60
s intervals.

Methy! Esterification of Proteolytic Fragments and MALDI
Mass Spectrometry HPLC fractions containing peptides
were lyophilized and reduced with 14L of 100 mM
aqueous tris(2-carboxyethyl)phosphine (TCEP) for 20 min,
and then lyophilized again. Peptides were esterified with 2
N methanolic HCI, prepared according to the method of
Knapp @5), in which 150uL of acetyl chloride was added
dropwise to 1 mL of ice-cold methanol, while stirring.
Approximately 1.5:L of 2 N methanolic HCI was added to
the dried samples, which were incubated at room temperature
for various times, and then lyophilized. MALDI (matrix-
assisted laser desorption ionization) mass analysis using a
Voyager-DE MALDI mass spectrometer (PerSeptive Bio-
systems) was performed on samples with the matityano-
4-hydroxycinnamic acid (Aldrich), in 70% acetonitrile, 0.1%
TFA. Samples were spotted on a sample plate and allowed
to crystallize at room temperature. Masses were internally

41) that responds to activated receptor and initiates the G calibrated with lys-bradykinin, 1188.2, and insulin, 5734.5.

protein activation process39. One of these residues,
Asn347, is found in most G proteim subunits outside the
Gqa family and is crucial for receptor activatiodd). Since
the work here shows thatoc is a deamidated form aioa,
deamidation may be parfa G protein regulatory mecha-
nism involved in attenuation or modulation of receptor
responses.

MATERIALS AND METHODS

Purification of G Protein Isoforms G proteins were
purified from bovine brain using a modificatiod3, 44) of
the method of Sternweis and Robisha2b); Isoforms of
G proteins were purified using a MonoQ anion exchange
column with a 6-300 mM NaCl gradientZ8). G protein

Typically 256 laser shots were averaged to produce a mass
spectrum.

Electrospray lonization Mass Spectromet(gSEMS).
C-terminal peptides fronuoa andooc Were analyzed by a
Finnigan LCQ ion trap mass spectrometer with a standard
ESI source either directly during HPLC separation or by
concentrating HPLC fractions and performing nanospray
ESI-MS. The nanospray source was constructed in house
and used a pulled glass capillary, situated approximately 1
mm from the heated metal capillary, with an applied voltage
of 1500 V. The capillary was loaded with-R uL of sample
solubilized in 47% water/47% methanol/6% acetic acid,
delivered at a flow rate of nL/min. Tandem mass spectrom-
etry was achieved by selection and fragmentation of the

subunits were separated in the presence of aluminum,precursor ion of interest with a window ofr@z units. Mass

magnesium, and fluoride as described previoudly; 44).
Proteolytic Digestion of G Proteimx Subunits For

digestion with trypsin, 3 nmol of purifiedoa andooc were

boiled for 10 min, and then precipitated with nine volumes

spectra were then collected for the fragment ions. Predicted
nV/z values were generated with MacBioSpec software v.
1.0.1 (PE SCIEX Instruments, 1992, Thornhill Ontario,
Canada).

of ice-cold acetone. The precipitates were resuspended in Edman SequencingAliquots of HPLC fractions from the

150uL of 20 mM Tris, pH 8.0, 1 mM EDTA, 1 mM DTT,
100 mM NaCl, and 0.01% of the nonionic detergent Thesit
(polyoxyethylene 9 lauryl ether, Sigma) containing TPCK-

separation of chymotryptic digests af subunit isoforms
were sequenced by Edman Degradation on an ABI 494
Protein Sequencer in the MUSC Protein Chemistry Facility.
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RESULTS A

The aoa and aoc proteins have different mobilities by Pl: 210-243 KKWIHCFEDVTAIFCVALSGYDOVLHEDET T NRr
urea/SDS-PAGE @0, 32) but have little or no £2 Da) P2: 244-278 MHESIMLFDSICNNKFFIDTSIILFLNKKDLEGEK*
difference in their molecular weight8%). On the basis of 279-281 IKK

proteolytic mapping studies, and by using this difference in  p3: 282-311 SPLTICFPEYTGSNTYED AAAYIQ AQFESK*
electrophoretic mobility, we were able to localize the site of P4: 312 - (349) NR (+ P5)

the difference betweemoa andooc to a 17 kDa C-terminal P5: 314-349 SPNKEIYCHMTCATDTNNIQVVFDAVTDIIIANNLR*
fragment 85). To determine the nature of the difference 350-354 GCGLY

between these subunits, 17 kDa C-terminal fragments from

ooa andooc were further fragmented and characterized by £ 150
mass spectrometry and by Edman degradation. After diges- B ;
tion of either protein with trypsin, five major peptides from p
the 17 kDa C-terminal fragment could be found by monitor- g
ing the HPLC effluent by ESI-MS (Figure 1). Selected ion 3
chromatograms, obtained by specifying the mas3.% Da) 2 0
of the predicted peptide fragments, located the distribution < 100 s
of each peptide during the separations (Figure 1B,C). The T s
identities of these fragments were established by their intact £ 1wiz4+z7s A Ms3Ep P2
masses and by their partial MS/MS fragmentation patterns E 100

: e B N P3
(data not shown). From the selected ion chromatograms <
there were no obvious differences in mass or retention time 21007 o129 [\ [M+3HP* P4
of the five peptides fronioa andooc (Figure 1). Fractions § 1003 314-349 N IMeBHP P5
containing these peptides were then used for more detailed 5 ” P -
characterizations to determine sites of structural differences Time (min)
in the proteins. C

Methyl Esterification of Peptides from-términal Frag- ; 200 PasPs
ments oboaandaoc. The difference betweeamos andooc 8oy |Qoc / P1
was previously shown to be 2 Da or less for the intact g 100 P3 -
proteins, and for their 17 kDa C-terminal fragmen3$)( 2 50
One covalent modification consistent with this small mass 2 9
difference is deamidation, a structural change which converts <
Asn and GIn to Asp and Glu, respectively. This modification 2 1003 210-243 A pMssEpr P
generates an additional carboxyl group in proteins, yet 100
changes the mass by a single mass unit. To evaluate this g { 20278 N esHp: P2
hypothesis, and to identify a possible peptide fragment < 100% 282-311 ]UM+2H]2+ P3
containing a deamidation site, HPLC fractions containing 2 100 i}
the tryptic peptides from the 17 kDa regiona$, andooc j§ 1003 Siiad /\*[M+3H]3+ o
were analyzed by MALDI-MS after methyl esterification of § 314349 [N\ M+3HP+  P5
the available carboxyl groups in the peptides (Figure 2). 10 0 e(mqg) 40
m 1,

Methyl esterification of a carboxyl group causes a 14 Da

shift in the mass of the peptide, a mass change readily Ficure 1: Separation of tryptic peptides generated fraga and
detectable by MALDI-MS. cxockand identificaltié)n of fra(cti)ons contawgbfragments from the
. . . . 17 kDa C-terminal domain. (A) Sequenceoafs broken into major
The five major tryptic fragments (Figure 1, PP5) cover  peptides generated by tryptic cleavage and labeled P1, P2, P3, P4,
all but 8 amino acids in the 17 kDa fragment and contain all and P5. Two short sequences (2781 and 356-354) are not
of the Asn and GIn residues (which are the potential analyzed here. P4 and P5 differ only in the first two residues in P4
deamidation sites) in this region. Sites predicted to be thatare missing in PS. Asterisks indicate the sites of carboxyl groups

. e : : that would be available for methyl esterification. (@)a. (C) coc.
available for methyl esterification, including Asp and Glu Digests were generated and separated by HPLC as described under

residues and carboxy termini generated from tryptic diges- gxperimental Procedures. Separations were monitored by absor-
tion, are designated with asterisks (Figure 1). MALDI mass bance at 214 nm and by in ESI-MS on a Finnigan LCQ ion trap
spectra before and after methyl esterification, for baga mass spectrometer. For each separation the 214 nm absorbance

; in Ei in  profile is shown along with the selected ion chromatograms for
andaoc digests, are shown for P1 in Figure 2A, for P3 in five major peptides generated from the 17 kDa C-terminal fragment,

Flgure ZB_’ a”‘?' for P2, P4, and PS5, W,h'Ch (;oelute in the Sameshowing the abundance of the respectiveions during the elution.
fraction, in Figure 2C. The reaction times for methyl predictednwz values used for selected ion chromatograms are the
esterification were chosen so as to count the number of freefollowing: 282-311 [M + 2H]?* = 1673.9, range= 1673.4-
carboxyl groups in each peptide. For P1, P2, andoR3, %513;4-;:1 g?ﬁ?%ﬂﬁj 3"1]2‘;:313;2%3;61&%65 81—3ff3§_813§ff
e Ot e e lcalon Pl S-S~ 19472, g 1033077, an 51

, 1 , _N€ 243 [M + 3HJ3* = 1328.5, range= 1328.6-1329.0.
predicted number of free carboxyl groups in the peptides
(Figure 2A,B). For P2, the parent mass had a second peakooc digests and corresponds to an analogous peak 16 Da
16 Da larger than predicted and consistent with the presencdarger than P2 before methylation. Therefore, the seventh

of an oxidized residue. This peak was the samedgp and peak in the methyl esterification spectra for peptide P2
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;f Ficure 3: Analysis of the C-terminal peptides obtained from the
~

chymotrypsin digest ofioa and ooc. Analysis of the C-terminus

of app and aoc by HPLC and LCQ mass spectrometry. (A)
Separation of chymotryptic digests aba and ooc showing the
o ) ) absorbance at 214 nm; indicated are peaks corresponding to the
FIGURE 2: Methyl esterification of tryptic peptides generated from ejytion of the C-terminal peptide 33B54. (B) Selected ion
the 17 kDa fragments adoa andooc. (A) MALDI mass spectra  chromatograms for the predicted monoisotopic #M2H]?+ ion

of P1 peptides frontion andoioc before and after (45 min) methyl  for 337—354 for apa (MVz = 961.0) and the [M+ 2H]J?* ion for
esterification. Numbers above peaks indicate the number of methyl 337354 for aoc (M'z = 961.5), considering the one deamidation
groups that were incorporated into the each peptide. (B) Same assite predicted from Figure 2. Note the resolution of the 3334

in A but for P3. (C) Same as in A but for P2, P4, and P5, which peptide into two peaks, #1 and #2, fasc. (C) Isotopic cluster of
were all recovered in the same fraction. Dotted lines align the the [M + 2H]?* ions for peaks in B:aioa andooc #1 andooc #2.
methylated peptides with the highest common derivatization Note that the isotopic cluster is shifted Gréz units higher inooc
betweenooa andaoc. for both peak #1 and peak #2, consistent with one deamidation
site.

4000 4100 4200 4300 4400

(Figure 2C) was most likely the oxidized form of P2. deamidated site imoc and to identify the site, a smaller

Pe_ptides P4 and P5 are related fragm_ents resulting fromec_terminal peptide was produced from thg isoforms by
tryptic cleavage after Lys311 and Arg313 in thesequence  digesting them with chymotrypsin. Digests were separated
and extending to Arg349. Both peptides were recovered in by HPLC (Figure 3A) and analyzed by ESI-MS. Fractions
the same fraction (Figure 2C). The methyl esterification containing peptides corresponding to 3354 of aoa and
patterns of these two peptides were clearly different in digests o, . were identified in selected ion chromatograms for the
from ooa andowoc (Figure 2C). Both the P4 and PS5 peptides  gouply charged 337354 fragment fromooa (M/z 961.0)
from theaoc digest had one more methyl esterification site  gnd for the comparable doubly charged fragment frosg
than did the peptides fronuoa. Whereas 5 sites are  jth one deamidation sitex(z 961.5) (Figure 3B). While
predicted, and were found in tle fragments, 6 sites were  the selected ion chromatogram fasa described only one
found in P4 and P5 fronaioc. This suggests there is one  peak, the selected ion chromatogram éefc resolved the
additional carboxyl group available for methyl esterification c_terminal peptide into two peaks, #1 and #2 (Figure 3B).
in residues 314349 of aoc, compared taxoa; this would  The predicted monoisotopinvz of the 337-354 peptide
be the case if one of the five Asn or one GlIn residues in this from g, in the absence of any deamidation and having two
peptide was deamidated . charges is 961.0, which corresponds to a mass of 1920 Da.

Chymotryptic Digestion and Mass Spectrometric Analysis Mass spectral data fromoa are in perfect agreement with
of the Gterminus ofaioa and aoc.  Differential recognition this predicted mass (Figure 3C). This spectrum shows the
of ooc and aoan by a polyclonal antisera made to a expanded region around the signal at 964/8 which has
decapeptide homologous to the C-terminus.gfand subtle additional characteristic peaks at Oz unit intervals
differences in MS/MS data acquired from the 313#9 corresponding to peptides containing 0, 1, 2, a##3atoms
peptide (data not shown), focused our efforts on the extremeaccording to the naturally occurring abundance of this
C-terminus ofooc. To obtain additional support for a isotope. In contrast, thewz of the analogous charged



Accelerated Publications Biochemistry, Vol. 37, No. 42, 19984655

peptides fronuoc in both peaks #1 and #2 was 961.5 (Figure previous observations in the literature,casg was noted to
3C), which corresponds to a mass of 1921, 1 Da higher thanelute at higher salt concentrations by MonoQ anion-exchange
the predicted mass, and accounts for the one deamidatiorchromatography28) and was also reported to have a slightly
site predicted from the methyl esterification data (Figure 2C). more acidic pl tharoa (31). Other additional structural
These data identified the peptide 33349 as the region of  differences betweenoa and aoc are unlikely. One para-

aoc that differs fromooa. doxical observation about these proteins was their clear
To characterize the exact location of the 1 Da difference, difference in electrophoretic mobility by urea/SBBAGE
the chymotryptic C-terminal fragments frompa and ooc even though the proteins have a negligible difference in mass

were sequenced by tandem mass spectrometry on a Finnigafi35). This was true not only of the intact proteins but also
LCQ ion trap mass spectrometer. Sequence data érgm of the 17 kDa fragments of the proteins characterized to
are consistent with the predicted sequence including two Asncontain the difference between them. The change from Asn
residues located at 346 and 347 in thgsequence (Figure o Asp at a single site explains these data since this induces
4A). In contrast, sequence data from peaks #1 and #2 ofonly a 1 Dadifference in the two proteins. Numerous
the aoc digest identified Asp residues at positions 346 and arguments suggested that the difference between the two
347, respectively. Other than the change of Asn to Asp, no proteins was at their N-termini, where the proteins are
other difference from the C-terminal peptide frarg, was ~ multiply modified, butooa andaoc have identical N-terminal
found. This sequence difference is reflected in the 1 Da Peptides 85). Thus, extensive structural characterization of
larger observed masses beginning with ioasand y in these proteins narrowed their site of difference down to a
the MS/MS data for theaoc peptide #1 (Figure 4B),  single region of the protein and data here explain the
compared to thenon peptide (Figure 4A). These ions differences in this region.
implicate Asn346 as the deamidation sitexisc peptide #1. There are several possible mechanisms by which Asn346
In the case ofioc peptide #2 (Figure 4C), the MS/MS data and Asn347 could be changed to Asp residues. They could
show a hy ion 1 Da lower than the fg ion in aoc peptide arise by alternative splicing of MRNAs, as dea andowos,
#1 (Figure 4B), suggesting that residue 346t peptide by RNA editing, as recently described for the 5HT-2C
#2 is the predicted Asn. However, ions beginning with b~ receptor 48), or by deamidation of Asn to Asp. Alternative
and y in aoc peptide #2 are 1 Da higher than tloga splicing and RNA editing seem less likely than deamidation
peptide, implicating residue 347 as the deamidation site in since no specific cDNAs coding for Asp346 or Asp347 have
aoc peptide #2. These data characterize the identitygef ~ been described althougioc is nearly as abundant at the
as resulting from the conversion of either Asn346 or Asn347 protein level (60%) astoa is (Mclintire, Dingus, Wilcox,
in apa into Asp residues. and Hildebrandt, unpublished experiments). In addition,
Edman Analysis of the-Terminus ofros andooc. As a explaining our results would necessitate postulating the
complementary technique to compare the sequenea,of ~ €XIstence of two additional MRNAs, one coding for Asp346
and aoc, HPLC fractions of the C-terminal peptide 337 and the other for Asp347. Thus, although alternative spicing
354 from aoa and of peaks #1 and #2 fromoc were and RNA editing cannot be explicitly ruled out from our
analyzed by Edman degradation. The sequenceygfvas data, it seems much more likely thasc arises by deami-
in agreement with the predicted sequence (Figure 5), as welldation ofcoa. _ o
as the mass spectrometric data (Figure 4A). Peak #1 from Deamidation as a_post-translatlonal mo.d|f|cat|on.can occur
0oc Was in agreement with the analogous mass spectrometric?y Séveral mechanisms. For example, in bacterial chemo-
data in Figure 4B, describing an Asp at position 346 instead taxis, the chemoreceptor proteins themselves contain Gin
of an Asn. Sequence analysis of peak #2 frast also residues t_hat are enzymatically deam|_dated during the signal
agreed with the mass spectrometric data in Figure 4C,transduction procesg9, 50). Further, it has recently been
identifying Asn347, instead of Asn346, as the residue shown that dermonecrotizing factor froBscherichia coli

converted to an Asp. can catalyze the deamidation GIn63 of the GTP binding
protein Rho, causing constitutive activation of the protein
DISCUSSION (51-53). Alternatively, nonenzymatic deamidation has been

observed in proteins as an age-related phenomenon in cells

The aoc variant of oo has been observed by a large with little or no protein turnover, or in vitro under certain
number of laboratories2(, 28, 30, 31, 33, 34, 46). Itis conditions B4, 55). Thep-aspartyl shift mechanism is one
present in brain of all mammalian species so far investigatedsource of nonenzymatic deamidation in proteins, which
(30). Recently, we have shown that this protein accounts proceeds via formation of a cyclic imide from an Asn residue,
for about a third of all of the G protein present in brain  particularly when followed by Gly or Ser56, 57). The
cortex, where it is expressed in a constant ratioog imide ring can open in two ways, generating either aspartic
(Mcintire, Dingus, Wilcox, and Hildebrandt, unpublished acid or isoaspartic acid. Thus, one hallmark of fk@sparty!
experiments). Interestinglyoc does not appear to be found  shift mechanism is the production of both isoaspartic acid
in heart @7), which also expressesoa, S0 it may arise by  and aspartic acid, often in a ratio of 3:58 59). The

some mechanism specific to brain. ThexGand Goc sequence at the deamidation sitesoigh is not favorable
proteins are functionally different in that they are isolated for this reaction, however, and we did not find a block to
as heterotrimers containing differefiy populations 28). Edman sequencing at the deamidation site, which would be

Here we report that theoc isoform consists of deamidated expected if the peptides contained large amounts of isoas-
forms ofapa in which either Asn346 or Asn347 is converted partate at that site. It will be important to determine the
to an Asp residue. The identification of this change as the mechanism of this deamidation, as there are several confor-
structural difference betweers, andaoc is consistent with mationally determined autocatalytic mechanisms or enzy-
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Ficure 5: Sequencing by Edman degradation of the C-terminal peptides obtained from chymotrypsin digeatamd ooc. Across the

top is the predicted sequencemfa for residues 337354, corresponding to the chymotryptic peptide isolated in experiment in Figure 3.
Fractions containing this peptide from»a or two peptides with the mass of deamidated analogues recovered from the digestvadre

sequenced by Edman degradation as described under Experimental Procedures. Shown in the bar graphs are the amino acid signals at eacl
cycle corrected for background and individual signal intensity of the derivatized amino acids. Data for eytBar8 shown in the figure;

the corresponding residuesdta are denoted in the sequence at the top by outlined letters. Black bars show the corrected signal intensity

for the expected residue from tlg); sequence in each cycle. Hatched bars show the signals for Asp where an Asn was expected in the
two ooc peptides. Asterisks in the sequence above mark the sites of Asn variably identified in the sequencing records.

matic mechanisms that could mediate this reaction and wouldwith rhodopsin, the activated receptor induces formation of
be of substantial biological significance. an extended helix projecting through Asn347 all the way to
The functional significance of the deamidation @$a the C-terminus39). This conformational change is proposed
reported here is suggested by the site of modification. to induce the subsequent decrease in GDP affinity resulting
Asn346 and Asn347 are at the C-terminus of the protein andin G protein activation. Deamidation of Asn347 (and
in a region predicted to interact with receptos$. (We do possibly Asn346) is likely to have profound effects on the
not know the relative importance of the two different signaling properties of the proteins. In facic has been
deamidation sites; however, it is interesting to note that we reported to be less responsive to the muscarinic receptor than
did not find anooc species deamidated at both Asn346 and aoa is (31). Deamidation of Asn residues at a critical site
Asn347. This suggests that deamidation at one site precludesn the receptor-binding domain of G protein a@fsubunits
deamidation at the other. An Asn at the site corresponding is likely to be part of an important regulatory mechanism
to Asn346 is found in relatively few G proteim subunits; modulating G protein signaling.
Qoa, Qi1, Oz, andoaz. An Asn corresponding to Asn347,
however, is conserved in most G proteirsubunits outside ACKNOWLEDGMENT

of the as family. The homologue of Asn347 in is a The authors would like to thank Dr. Jane Dingus, Tom
predicted contact site with rhodopsin, and its mutation to an Gettys, and Ed Krug for helpful discussion of this work and
Ala decreases the ability of; to interact with or respond to  Ms. Rebecca Ettling for the Edman Sequencing.
rhodopsin 42). In the existing X-ray structures of G protein

heterotrimers41, 60) the very C-terminus of the. subunit REFERENCES
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