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Complete amino acid sequence of poplar plastocyanin b
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A second type of plastocyanin, plastocyanin b (PCbh) was isolated from leaves of poplar Populus nigra var.
Italica. The complete amino acid sequence of 99 residues in the single polypeptide chain of plastocyanin
b has been determined:

VDVLLGADDG SLAFVPSEFS VPAGEKIVFK NNAGFPHNVL FDEDAVPSGV
DVSKISMSEE DLLNAKGETF EVALSDKGEY TFYCSPHQGA GMVGKVIVN

The sequence obviously demonstrates, that PCh, in comparison with the known plastocyanin, plastocyanin

a (PCa), has 12 amino acid replacements (underlined letters): Ile 1 - Val, Ile 21-Ser 22-Pro 23— Val-Pro-Ala,

Ile 39-Val 40— Val-Leu, Ser 45-Ile 46— Ala-Val, Ala 52— Val, Asn 76> Asp, Ser 81 —»Thr and Thr 97 - 1le.

The replacements at positions 40 and 76 of PCb are probably essential for differences in its redox and elec-
trochemical properties, respectively.

Primary structure; Plastocyanin b; Plastocyanin a; Molecular heterogeneity; ( Populus nigra)

1. INTRODUCTION

The complete primary structures of plastocyanin
from 14 higher plants, 4 green algae and 1 blue-
green alga have been determined [1-5]. This type
I Cu-protein, whose function is to transfer elec-
trons from cytochrome f to the P700 system in
chloroplasts, exhibits N-terminal group and amino
acid sequence variability [5,6]. However, in the
plastocyanin sequences examined from higher
plants 45 residue positions are invariant. Some,
His 37, Cys 84, His 87 and Met 92, are co-
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ordinated to the copper ion and are actually the
residues crucial for the electron transferring pro-
perties of that protein. Some evidence reported
previously [7,8] only implies the probable
molecular heterogeneity in a single plant. Our
previous investigations revealed that plastocyanin
from leaves of poplar, Populus nigra var. Italica,
is represented by two fractions [9]. The previously
unknown plastocyanin, which we have designated
PCb), in contrast to the known plastocyanin
(designated PCa), exhibits different chromato-
graphic and electrophoretic mobilities, p/, N-ter-
minal and amino acid content [9]. We report here
the results of the analysis and the complete
primary structure of PCb.

2. MATERIALS AND METHODS

2.1. Materials and chemicals
The material for sequencing, a highly purified
PCb, was prepared from fresh leaves according to
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a modification [9] of the method in [10]. The pro-
cedure includes extraction and sedimentation of
the proteins in a water-acetone solution followed
by 3-fold chromatography of the soluble sediment
on Whatman DE-52 anion-exchanger. Two frac-
tions of plastocyanin, PCa and PCb, were obtain-
ed on the last column by isocratic elution with
0.1 M sodium phosphate buffer (pH 6.9) with con-
siderable differences in their chromatographic
mobilities (fig.1). The purity index A273/Ase7 in all
cases was found to be 1.0—1.2. The purity was ad-
ditionally identified by isoelectrofocusing and
quantitative N-terminal and amino acid analysis.

The enzymes trypsin and a-chymotrypsin were
obtained from Merck and used without additional
treatments. All solvents and reagents for high-
performance liquid chromatography (HPLC) and
sequencing were in a set purchased from Applied
Biosystems. Double-distilled water, additionally
filtered through a Milli-Q system (France), was us-
ed. All other chemicals and reagents were of a high
degree of purity.

2.2. Structural analysis

The sequence of PCb was obtained after
overlapping and comparison of three sets of pep-
tide fragments, one derived by cleavage at
methionyl bonds with CNBr, and the other two by
digestion with trypsin and a-chymotrypsin, respec-
tively. The fragments were also aligned using our
own N-end partial sequential and compositional
data on intact poplar PCb and the known primary
structure of poplar plastocyanin [2].

Firstly, part of PCb was digested with trypsin,
both directly [11] and after preliminary carbox-
ymethylation at the Cys residue [12]. Further,
CNBr cleavage of PCb was carried out [13] after
blocking of the Cys SH group by 4-vinylpyridine
[14]. Finally, chymotrypsin hydrolysis of the same
Cys-vinylpyridylated PCb was carried out [15].

All peptides were separated by HPLC on
reversed-phase columns, using an Altex HPLC
system with a Beckman RP 256-06 column for
tryptic peptides and Gilson HPLC system with a
Pro-RPC Pharmacia column for CNBr and
chymotryptic peptides.

The determination of the N-terminal groups of
each of the peptides and the whole PCb was per-
formed by manual dansyl-Edman degradation.
The amino acid composition of the peptides and
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PCb was determined with a Durrum D-500
automatic amino acid analyzer after hydrolysis
with 5.7 N HCl in evacuated tubes at 110°C for
24 h. All peptides and whole PCh were sequenced
using an Applied Biosystems model 470 A gas-
phase sequencer [16].

3. RESULTS

The procedure for preparation of poplar plasto-
cyanins was performed several times during the
May-August vegetation period. The ratio between
the quantities of PCa and PCb obtained in the ox-
idized state varies from 1:1 to 4:1 from the begin-
ning to the end of the indicated period (fig.1).

The N-terminal group determination confirmed
[9] that Ile and Val are the N-terminal amino acid
residues of PCa and PCb, respectively. The amino
acid analysis also substantiated that PCa and PCb
differ in composition [9] — PCb has a higher con-
tent of Val and a reduced content of Ile and Ser.
Trypsin hydrolysis of PCa, resulting in the prepa-
ration of seven peptides and the N-terminal and
amino acid analysis of these peptides (Dimitrov,
M.1., unpublished), together with the results
demonstrated above suggested that PCa is related
to R. Ambler’s previously reported plastocyanin
structure [2].

0 20 20 300 30 40 450 50

Elution volume [ml]—

Fig.1. Separation of PCa and PCb by anion-exchange
chromatography on Whatman DE-52 in 0.1 M sodium
phosphate buffer (pH 6.9) by isocratic elution.
Registration at 597 nm; optical length 0.2 cm. Elution
profiles of the two plastocyanin fractions obtained in
May (O0—0) and June (e——se), respectively.
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Fig.2. The primary structure of plastocyanin b (PCb) from poplar Populus nigra var. Italica and its peptide fragments
(see the text) in comparison with the amino acid sequence of plastocyanin a (PCa) [2].

By total sequencing of the whole PCb the se-
quence of the first 43 amino acid residues was
determined (fig.2,I). As a result substitutions at six
positions were found on comparison with PCa: Ile
in PCa is replaced by Val in PCb, the sequence Ile
21-Ser 22-Pro 23 by Val-Pro-Ala and Ile 39-Val 40
by Val-Leu (fig.2).

After trypsin hydrolysis of PCb five peptide
fractions were obtained, designated here as T-1,
T-2, T-3, T-4 and T-7 (fig.3). It was demonstrated
by N-terminal and amino acid analysis that T-1
was in line with the N-terminal peptide Val 1-Lys

26 of PCa, T-2 with Ile 27—Lys 30, T-3 with Asn
31-Lys 54, T-4 corresponding to Ile 55-Lys 66
and T-7 being found to be C-terminal Val 96—Asn
99 (fig.2,1I). The fragment corresponding to the
Gly 67—Lys 95 peptide was not obtained. To find
this fragment, carboxymethylation of the Cys-PCh
residue was performed before trypsin treatment.
After HPLC of the hydrolysate, together with the
already known T-1, T-2, T-3, T-4 and T-7 pep-
tides, two new peptides, T-5 and T-6, were obtain-
ed (fig.4). Their N-terminal and amino acid
analysis revealed that they were in line with Gly
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Fig.3. HPLC of trypsin hydrolysate of PCh. 0.3 mg
were applied to a Beckman RP 256-06 reversed-phase
column (ultrasphere ODS 5 um, 4.6 X 150 mm) and

eluted at room temmnerature with a linear eradient from
Ciuled at room temperaiure withh a mear gragient irom

10 to 35% solvent B in 25 min. Flow rate, 1.5 ml/min;
solvent A — 0.01 M CH3;COONHy; solvent B — 0.01 M
CH;COONH, in 90% acetonitrile. The effluent was
measured at 206 and 280 nm (not shown). Peaks were
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Fig.4. HPLC of trypsin hydrolysate of carboxy-
methylated PCh. A linear gradient from 0 to 75%
solvent B in 48 min was used; solvent A — 0.1%

lrlIluOrUdbCllL auu \11‘1‘\), bUlVClll D - U. 1“/0 11‘1‘\ lll
70% acetonitrile; other conditions as in fig.3.
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67—Tyr 83 and Cys 84—Lys 95 of PCa, respectively
(fig.2,11). In contrast to the above results (fig.3),
another two additional peaks T-5' and T-8 were
found (fig.4). As indicated by the results of the N-
terminai and amino acid analysis, the T-3' fraction
was practically identical with the T-5 peptide; these

twa fractiong containad tha Aanly twa Tyrs racids
LYYU 114AVLIVEID LVULILAllivuv I.ll\r vily Ltwu 1Yyl ILDIUUCD

of PCb. The sequencing of T-3 revealed another
three changes: Ser 45—Ile 46 in PCa was replaced
by Ala-Val in PCh and Ala 52 by Val, respectively
(fig.2). Further, there was no change in T-4
(55—66), but there were two changes in the T-5 se-
quence: Asn 76 in PCa was replaced by Asp in
PCb, and Ser 81 by Thr (fig.2). The amino acid se-
quence analysis of T-6 did not reveal any changes,
whereas the analysis of the last C-terminai peptide
T-7 again exhibited a change in PCh: Thr 97 in
PCa is replaced by lie in PCoH (fig.2).

In order to overlap the Lys regions, CNBr

vlpnvnop of Cys-vinylpyridylated PCbh was per-
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formed (fig.5). Four principal CNBr fractlons
were obtained: an N-terminal peptide CB-3, a pep-
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Fig.5. HPLC of CNBr cleavage of vinylpyridylated
PCb. 0.2 mg were applied to a Pharmacia Pro-RPC
l\rV\«l DCU'PIIGDC MUlulllll \J /\ l% llllll[ aud \tlul\'d at lUUlll
temperature with a linear gradient from 0 to 60% solvent
B in 42 min. Flow rate, 1.5 ml/min; solvent A — 0.1%
TFA; solvent B — 0.1% TFA in 85% acetonitrile. The
effluent was measured at 210 and 254 nm

{4-vinylpyridine absorption maximum, noi shown) and
characterized as described in fig.3.
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tide CB-1 disposed between the only two Met
residues of PCb and the C-terminal peptide CB-2
together with an uncleaved protein fraction P
(fig.5). It was found that peaks 1 and 2 are of non-
peptide nature. By sequencing of CB-1 and CB-2
(fig.2,11I) overlapping of the Lys 66, Lys 77, Tyr
83 and Lys 95 positions was attained and the
replacements established above by Asp 76, Thr 81
and Ile 97 were confirmed (fig.2).

In order to overlap the Lys 26, Lys 30 and Lys
54 positions a chymotrypsin hydrolysis of
vinylpyridylated PCb was performed. It was found
that the ChT-2 peptide corresponds to the Lys
30—Phe 70 amino acid sequence of PCa (fig.2,IV).
By sequencing of this peptide to the 34th amino
acid residue overlapping of the Lys 30 and Lys 54
positions was achieved and the replacements men-
tioned above Val 39-Leu 40, Ala 45-Val 46 and Val
52 were confirmed (fig.2). The sequence of the
ChT-1 peptide (fig.2,IV) overlapped the Lys 26
position and confirmed the replacements Val
21-Pro 22-Ala 23.

4. DISCUSSION

The obviously different chromatographic pro-
perties on Whatman DE-52 of the two plasto-
cyanin fractions were the first indication that two
types of plastocyanin, PCa and PCb, are available
in P. nigra [9). The N-terminal and amino acid
analysis indicated that PCa and PCb are chemical-
ly different [9]. On the other hand, additional in-
vestigations, including trypsin hydrolysis of PCa
and N-terminal and amino acid analysis of the
resulting peptides, suggested that PCa is related to
the plastocyanin structure of R. Ambler.

It is not surprising that trypsin hydrolysis of un-
carboxymethylated PCh does not yield the Gly
67—Lys 95 peptide (fig.2). Probably this is due to
the formation of intrapeptide -S-S- derivatives
which are usually strongly absorbed on the
chromatographic column. This obstacle was over-
come by carboxymethylation of the Cys-PCbh
residue before trypsin treatment, despite two ex-
traordinary peptides, T-5' and T-8, being found
(fig.4). The T-5' and T-5 peptides are practically
identical in composition. The more hydrophilic
properties of T-5’ are probably due to the secon-
dary chemical reactions of Tyr iodination during
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the carboxymethylation of PCb by iodoacetic acid.
T-8 was found to be a large polypeptide derivative
probably due to incomplete trypsin hydrolysis of
PCb because of the shorter period of enzymatic
treatment. The question arises as to why T-5 does
not end in Lys, as is logically the case in tryptic
hydrolysis, but in Tyr (fig.2). Probably this is due
to the negatively charged Asp 76 disposed together
with Lys 77, in contrast to PCa, where position 76
is occupied by the uncharged Asn. Perhaps the
charge of Asp is an obstacle to trypsin in giving rise
to effective binding to the S, site of this peptide
region and in hydrolyzing the peptide bond after
Lys 77. A trace of a chymotrypsin admixture
probably hydrolyzed the bond after Tyr 83.

The present data indicate that PCb is not iden-
tical with PCa [2], but differs at 12 amino acid
positions (12%). The replacement Asn 76 — Asp
is most essential for the electrochemical properties
of PCbh. Correspondingly, the pf values of the two
proteins differ by 0.05 pH units as PCb is the more
acidic fraction [9]. At four positions, 1, 21, 39 and
46, the bulkier Ile in PCa is replaced by Val in PCh
and only in positions 52 and 97 are the smaller
residues of Ala and Thr replaced by Val and Ile,
respectively. The sequence Ser 22-Pro 23 in PCa is
reversed with respect to the Pro residue in Pro
22-Ala 23 of PCb. This change will undoubtedly
alter the conformation of the polypeptide chain in
this Pro region. The replacements Ser 22 — Ala
23, Ser 45 — Ala, Thr 97 — Ile as well as the
less nonpolar Ala 52 — Val and Ser 81 — Thr
indicate that PCa contains more polar amino acid
residues at these positions than PCb. The
hydrophobic interactions in PCb are probably
stronger and it is more stable than PCa. Although
the majority of changes are ‘neutral’, the replace-
ment Val 40 — Leu could be essential in the sub-
tle alteration and/or local molecular dynamics of
the closely located Cys 84 from the active site. It
could be reflected as a change of the redox proper-
ties of PCb.

The functional role and biological significance
of PCa and PCh with some different physico-
chemical properties are still unclear. Obviously the
microheterogeneity of the primary structure is a
common property for these electron carriers [7,8]
and the presence of two plastocyanin types is pro-
bably functionally important [9]. Investigations to
elucidate these relationships are now in progress.
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