
provides a potential soil pool that could 
subsequently be remineralized. If miner- 
alization rates were accelerated by 
chemical, physical, or biological factors, 
the released sulfate would increase cat- 
ion leaching. Our analyses indicate that 
the formation of soil organic sulfur is of 
sufficient magnitude to warrant investi- 
gation in a variety of forest soils. Further 
study is also needed on the composition 
and turnover dynamics of this sulfur 
fraction. 
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Light-Induced Phosphorylation of Retina-Specific 
Polypeptides of Drosophila in vivo 

Abstract. A moderate light stimulus induced isoelectricpoint (pl) changes in three 
classes of retina-specijic polypeptides (80, 49, and 39 kilodaltons) of Drosophila in 
vivo. When inorganic phosphate labeled with phosphorus-32 was fed to flies, the 
radioactive label was incorporated into these polypeptides during the pZ changes, 
indicating light-induced phosphorylation of the polypeptides. A 1-millisecond flash 
induced a detectable amount of phosphorylation in the 80- and 49-kilodalton 
polypeptides within 3 seconds. These results, and our previous results with norpA 
mutants, suggest that phosphorylation of these two polypeptides may be involved in 
some early stages of photoreceptor excitation or its modulation. 

Protein phosphorylation is thought to gaster three classes of retina-specific 
play an important role in a wide range of polypeptides, having molecular sizes of 
physiological functions, including meta- 80,49, and 39 kilodaltons, undergo light- 
bolic, hormonal, and neural processes dependent changes in their isoelectric 
( 1 ,  2) .  For example, reversible phospho- points (PI'S). The light-induced pI 
rylation regulates the activities of certain changes of three polypeptides are 
enzymes (3). Although protein phos- blocked (6) in the mutant, norpA, which 
phorylation also occurs in certain steps is unable to generate the photoreceptor 
of synaptic transmission (4) and visual potential in response to light (7). This 
transduction (3, the molecular mecha- suggests a functional involvement of 
nisms underlying the regulation of these these polypeptides and their light-in- 
neuronal activities remain obscure. duced modifications in photoreceptor 

We reported earlier (6) that in the mechanisms. Because illumination shifts 
compound eye of Drosophila melano- the pI's of the polypeptides toward the 

acidic direction and the shifts are revers- 
ible (6), we considered phosphorylation 

8 0  6 7  IEF 8 0  6 7  OH 
a likely cause of these light-induced 
polypeptide changes. In support of this 

a a \  w b a i rc hypothesis, the present studies demon- 
EOK - strate light-induced incorporation of 3 2 ~  -- into these polypeptides in vivo. 

49K - - .  
C - Wild-type fruit flies (D. melanogaster) 

- - - of the Oregon R strain were raised on 

3 9 K  39 Y 
cornmeal-yeast-agar medium at 25OC un- - - - - der a cycle of 12 hours of light and 12 
hours of darkness. The flies were starved 

W 
o for 24 hours and then fed for 24 hours on 

Fig. 1 .  In vivo incorporation of [32Plphos- 
phate into the light-adapted states of SO-, 49-, 
and 39-kD polypeptides. (Top) Coomassie 
blue-stained two-dimensional gels obtained 
from the compound eye preparation of (a) 
dark-adapted and (b) light-adapted flies. (Bot- 
tom) Corresponding autoradiograms for (c) 
dark-adapted and (d) light-adapted flies. 80K, 
49K, and 39K are polypeptides that undergo 
light-induced phosphorylation, designated ac- 
cording to their approximate molecular sizes, 
which are based on calibration by internal 
standard markers; a and b designate other 
major sites of [32P]phosphate incorporation 
having molecular sizes of 130 kD and 2.3 kD, 
respective1 y . 

0.2 ml of 300 mM sucrose containing 
carrier-free 32~-labeled inorganic phos- 
phate (0.1 mCi) (New England Nuclear). 
The flies were separated into two groups 
of about 60 flies each. One group was 
dark-adapted for 12 hours, and the other 
group was exposed to room light (160 
p~lcrn2)  for 6 hours after being dark- 
adapted for 6 hours. These labeling pro- 
tocols resulted in the incomoration of 
3 2 ~  at about 1 x lo5 countlmin into each 
fly. One-sixth (16,000 countlmin) of the 
radioactive label was taken up by the 
compound eyes. Two-dimensional gel 
electrophoresis of the compound eye 
preparation was carried out as described 
(6, 8).  The gels were stained with Coo- 
massie blue and dried on a filter paper. 
Kodak XAR-5 film and a DuPont Light- 
ning Plus screen were used for autoradi- 
ography; the film was exposed to the gels 
for 1 week at -80°C. 

Figure 1 ,  a and b, show the gels ob- 
tained from the compound eyes dissect- 
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ed from the dark- and light-adapted wild- 
type flies, respectively. The arrows indi- 
cate the three classes of polypeptides, 
80, 49, and 39 kD, that exhibit light- 
dependent pI changes (6). Only that por- 

Fig. 2. Phosphoryla- a 
tion of 49- and 80-kD 
polypeptides by a 80K 
strobe flash. Coomas- - * 
sie blue-stained two- 
dimensional gel pat- -49K ;. *s 
terns of (a) dark- . . -  

adapted, (b) flash-illu- 
minated, and (c) light- 
adapted flies. 3 9  

tion of the gels in the region of the three 
polypeptides is shown in these figures. 
The autoradiograms corresponding to 
Fig. 1, a and b, are shown in Fig. 1, c and 
d, respectively. The autoradiograms 
show clearly that the 80-, 49-, and 39-kD 
polypeptides are labeled by [32~lphos- 
phate only in the light-adapted states. In 
the case of the polypeptide designated 
"a" in Fig. 1, c and d, both light-depen- 
dent and light-independent incorporation 
of 3 2 ~  appears to take place, even though 

generated, densitometric contour map 
profiles of the three two-dimensional 
electrophoretic patterns (10). The results 
show that the 1-msec flash was sufficient 
to phosphorylate about 25 percent (11) of 
the 49-kD polypeptide within 3 seconds 
(Figs. 2b and 3b). The flash also phos- 
phorylated a fraction of the 80-kD poly- 
peptide (Figs. 2b and 3b). The phospho- 
rylation of this polypeptide, however, is 
to an intermediate state. In the dark- 
adapted flies the 80-kD polypeptide is 
primarily in the dephosphorylated state, 
80A (Fig. 3a), and shifts to states 80C, 

80D, 80E, and 80F upon complete light 
adaptation (Fig. 3c). In the flash-illumi- 
nated flies, on the other hand, the poly- 
peptide shifted to states 80B, 80C, and, 
perhaps, very slightly to 80D. but not to 
80E or 80F (Fig. 3b). In contrast to 80- 
and 49-kD polypeptides, phosphoryla- 
tion of the 39-kD polypeptide was not 
detectable in the flash-illuminated flies 
(Figs. 2b and 3b). It became detectable 
only after the flies were illuminated with 
steady room light (160 p ~ / c m 2 )  for sev- 
eral tens of seconds. 

An important point is that the phos- 

nopI shift of this polypeptide is apparent 
in Coomassie blue-stained gels. Thus, 
the polypeptide is labeled in both the 
dark- and light-adapted states (Fig. 1, c 
and d), and the labeling appears to be 
slightly heavier in the light-adapted state 
(Fig. Id). The 3 2 ~  activity designated 
"b" in Fig. lc, by contrast, undergoes a 
loss of the activity after light adaptation. 
The corresponding polypeptide was d 3 -  
cult to identify in Coomassie b l u e  
stained gels (Fig. 1, a and b). 

Because the two-dimensional gel elec- 
trophoresis was carried out under dena- 
turing conditions for proteins (the first 
dimension in a mixture of Triton X-100 
and urea and the second dimension in 
sodium dodecyl sulfate), the polypep- 
tides that appear labeled in Fig. 1, c and 
d, are most likely linked to [32~]phos- 
phate by covalent bonds, that is, phos- 
phoester bonds, that are stable under 

' a '  

these conditions. The results, thus, indi- 
cate that the 80-, 49-, and 39-kD polypep- 
tides undergo light-induced phosphoryla- 
tion, which appears as a shift in the pI to 
acidic direction in two-dimensional elec- 
trophoretic patterns (Fig. 1, a and b). 

To obtain some idea of the speed of 
the reactions, we subjected flies to a 
brief strobe flash, froze them as quickly 
as possible, and examined them by two- 
dimensional gel analysis. For this pur- 
pose, wild-type flies that had been dark- { C  . B O A  

' F I ~ .  3. Computer-generated two-d~mens~on-  
w- . . al contour maps correspnndlng. re\pecttve- 

I QI. Iv, to the gel\ \ h o w  In Fig 2 80A I S  the 
8 

-e, 
flephosphorvlated form of the NO-kD poly- 

- )ept~de.  808. ROC'. 8011 (ahhrev~ated I ) ) .  ROE 

, -49+ .* -7 8- or  t). and NOF lor b )  are ~ t s  phosphorylated 
I " < -- orms 4YA I \  the depho5phorylated form of - he 49-hl) polvpept~de 4YH and 4YC (abbre- 

adapted for 24 hours were placed in a 
test tube, exposed to a white strobe flash 
less than 1 msec in duration, and frozen 
by plunging the test tube into liquid 
nitrogen as soon after the flash as possi- 
ble. Temperature measurements made 
with a small copper-constantan thermo- 
couple indicated that the flies could be 
frozen within 3 seconds after the flash by 
this method. Figure 2b shows the results 

. . .  . 
~iated C )  are its phosphorylated forms. 3YA 
lnd 398 are,  recpectively. the dephosphory- 
ated ant1 phosphorylated form? of the 39-kD 
)olypeptide. along with the control electrophoretic 

patterns obtained from dark-adapted 
(Fig. 2a) and light-adapted (Fig. 2c) flies 
(9). Figure 3, a to c, shows computer- 
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phorylation and dephosphorylation reac- 
tions of the 80-, 49-, and 39-kD polypep- 
tides occur in vivo. Moreover, these 
reactions are readily inducible by expos- 
ing the flies to ambient room light. N o  
unusual stimuli are necessary. These ob- 
servations lead one to conclude that the 
light-induced phosphorylation-dephos- 
phorylation cycles of these three poly- 
peptides are part of normal physiological 
reactions occurring in a living system. 

Another important point is the tissue 
specificity of the three polypeptides. By 
dissecting out the compound eye into its 
individual components, it was shown 
that all three polypeptides arise specifi- 
cally from the photoreceptor layer (6). 
The lamina, which contains the synaptic 
endings of photoreceptors, in particular, 
does not make any contribution to these 
polypeptides in two-dimensional gels 
stained with Coomassie blue. The tissue 
specificity makes it highly unlikely that 
the three polypeptides are involved in 
general metabolism or  housekeeping 
functions. Nor is it likely that any of 
these polypeptides are involved in syn- 
aptic mechanisms. Rather, the polypep- 
tides are probably part of the molecular 
machinery underlying photoreceptor 
mechanisms. 

We reported earlier that the light-in- 
duced shift in the pI (that is, the light- 
induced phosphorylation) of these poly- 
peptides is blocked by the norpA muta- 
tion (6) .  Inasmuch as the available evi- 
dence strongly suggests that the norpA 
mutation blocks an essential step in pho- 
totransduction (7), we suggested that the 
light-induced modification of these poly- 
peptides requires the integrity of the 
phototransduction process (6). These ob- 
servations, together with our present 
finding that the phosphorylation of a t  
least the 80- and 49-kD polypeptides is 
rather rapid, suggest that the 80- and 49- 
kD polypeptides and their phosphoryla- 
tion reactions may be involved in some 
early molecular process underiying the 
mechanisms of photoreceptor potential 
generation or modulation (or both). 

HIROYUKI MATSUMOTO 
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Task-Relevant Late Positive Component of the Auditory Event- 
Related Potential in Monkeys Resembles P300 in Humans 

Abstract. A long-latency (300-millisecond), vertex-positive component of the 
event-related potential recorded from monkeys was present only when the eliciting 
stimulus was relevant to the task. The amplitude of this component varied inversely 
with stimulus probability and was dissociable from motor responses. 

The event-related brain potential 
(ERP) in humans, which is evoked by a 
task-relevant, rare stimulus, contains a 
prominent positive wave with a latency 
of about 300 msec (1). This P300 compo- 
nent can be elicited by the detection of 
infrequent and unpredictable target sig- 
nals, such as pitch changes, that occur in 
a train of repetitive tone stimuli. A num- 
ber of investigators have shown the P300 

to be relatively independent of physical 
stimulus parameters and significantly re- 
lated to cognitive processing of task- 
relevant stimulus information (2 ) .  These . . 
findings have led to attempted clinical 
application of the P300 component of the 
auditory ERP in the evaluation of cogni- 
tive functioning associated with aging, 
dementia, and alcoholism (3). Although 
the neural processes responsible for the 

T a r g e t  Non ta rga l  - --.-_̂_ 

Monkey 1 . I ,----'---+'- 
'Maya' 7 

: 
Monkey 

'Bo' 
15  UVI 

I 1 5  P V I  

Mll l lseconds 

Fig. 1. Event-related potentials recorded from a human and two monkeys engaged in a similar 
discrimination task. The human subject was instructed to operate a lever and to respond to the 
rare event by releasing the lever in the same fashion as the monkeys. Note the strong similarity 
in ERP wave form morphology between species and the presence of a P300 component to the 
target stimuli that does not appear to the nontarget stimuli. The thickened line along the 
abscissa represents the period of tonal stimulation. 
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