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bers would be expected. Such a behavior
has been observed by Rosenberg * for dif-
ferent metal chelates of amino acids,
‘where, for example, the carboxyl frequency
at 1590 cm™ of the Nat salt showed a
shift of 29 em™ in Cut+ chelates and of
66 cm™ in Pt++ compounds. The carboxyl
frequency in the Zn++ and Nit+ complexes
-of PGA shows no such trend. On the con-
trary, a small shift towards lower wave
numbers can be observed. If this shift
has any significance of its own is difficult
to decide as the position of the band for the
Na+ salt is very approximative owing toits
broadness; but it is clear, anyhow, that the
«carboxyl group shows no evidence for
covalent bond formation with Zn++ and
Nit++,

The absorption due to the other domi-
nant group, the ionized phosphate, exhibits
remarkable ch: when Na+ is substitu-
ted by Nit++ or Zn++. Unfortunately, there
is very little information available on the
infrared absorption of ionized phosphate
;groups 7, which makes it difficult to inter-
jpret the changes in the spectra. The in-
‘tense absorption band between 1 150 and
1050 cm™ (8.7—9.5 u) (probably due to
the ionized group and P—O—C stretch-
dings) loses much of its intensity in the
Znt++ and Nit+ complexes. In the Zn++
complex, the absorption peak shows a ten-
«dency to split into two bands and at the
same time small changes in the position of
the maximum absorption can be detected.
The absorption bands in the 1 050—950
-em™! (9.6—10.5 i) region, also characteris-
tic of the phosphate group, show & more
-complex picture in the Znt+ and Nit++
-compounds compared to the Nat salt.

Znt+ activates enolase while the Ni++
~enzyme is inactive . As an explanation for
this, it has been suggested, on the basis of
ultraviolet absorption measurements, that
the Nit++ complex with the substrate is of
«a different type than the complexes with
the activating ions . The infrared absorp-
tion data reported here show that such a
difference, if it exists, cannot be the
amount of covalent character of the inter-
-action with the carboxyl group, since this
is completely ionic in both complexes. On
the otEer hand, distinct differences exist
between the phosphate absorption bands
of the Zn++ and Nit+ complexes, but un-
fortunately these cannot be properly evalu-
-ated at present.

This investigation is part of a program on
wthe infrared absorption of compounds of bio-
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Free Amino Acids in Pollen

ARTTURI L. VIRTANEN and
SIGRID KARI

Laboratory of the Foundation for Chemical
Research, Biochemical Institute,
Helsinki, Finland

n the summer 1954 we studied the com-

position of the free amino acid fraction
in the pollen especially of wind-pollinated
plants. The method used was that gener-
ally employed in this laboratory for the
identification of free amino acids in green
plants, <. e. homogenisation of the plant
material, extraction with 70 9, alcohol,
separation of amino acids with Amberlite
IR-120, elution with 1 N ammonia, and
subjection of the evaporated extract to
two-dimensional paper chromatography
with butanol-acetic acid and phenol-
ammonia.

The wind-pollinated plants investigated
are: Alnus incana, Betula alba, Corylus
avellana, Quercus robur, Pinus silvestris,
Populus balsamifera, Populus tremula, Se-
cale cereale, Salixz caprea. For the identifi-
cation of the spots of hydroxyproline and
citrulline a special colour reaction was used:
the spot of hydroxyproline turns red?, and
that of citrulline yellow 3, when treated
with isatin + p-dimethylaminobenzalde-
hyde (PDB). The amounts of the amino
acids were roughly estimated on the basis
of the intensity of the spots.
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A B

Pig. 1. Free amino acids of Betula alba. Tuwodimensional paper chromatogram (phenol-NHg

and butanol-acetic acid). A: pollen (210 pg N), B: leaves (182 ug N). 1=gly, 2 = ala, 3 =val,

7 = tyr, 8 = ser, 9 = threo, 10 = OH-pro, 11 = pro, 13 = hist, 14 = arg, 15- = lys,

16 = asp, 17 = glu, 19 = glutathione, 24 = glu-NH,, 26 = asp-NH,, 29 = y-aminobut,
= 51 =h

33 citr, 45 = ethanolamine, ., 60 = pipecolic acid, 67 = a-aminoadipic acd.

Fig. 2. Free amino acids of Corylus avellana. A: pollen (210 ug N ), B: leaves (200 pg N).

Acta Chem. Scand. 9 (1955) No. 9 - 10



SHORT COMMUNICATIONS

32=4

As examples of our results chromato-
grams of the free amino acids in Betula,
Corylus, and Populus balsamifera are pre-
sented in Figs. 1 —3. From these chromato-
grams some of the typical differences
between the free amino acids in the pollen
and in the leaves of the plants appear.

Theé most important results of our in-
vestigations are:

1. There is much more of free proline in
the pollen than in the green parts of plants.
Also the absolute amount of free proline is
mostly high in the pollen. Because the dry
matter content of pollen is very high,
about 90 %, it is probable that the high
proline content in pollen depends on this.
Since the water content of the green parts
of plants is usually high, 75—90 %, the
formation of pollen is accompanied by a
sharp decrease in the water content.
Kemble and Macpherson ® recently dis-
covered that during the wilting of peren-
nial rye grass the proline content increases
so sharply that a considerable amount of
proline must be synthesized during wilting.
Glutamic acid is probably the precursor of
proline because the enzymatic reaction:
L-glutamic acid = r-proline is established®.

2. Free hydroxyproline, the occurrence of
which is comparatively rare in plants, is to
be found in the pollen of four of the investi-
gated plants (Alnus, Corylus, Betula,

B
Fig. 3. Free amino acids of Populus balsamifera. A: pollen (210 ug N), B: leaves (196 ug N).

— al.

Saliz ), but not in the green parts of any of
these plants. It is possible that hydroxy-
proline is formed wa oxidation of proline
as has been found to be the case in the
animal organism 5.

3. In addition to the high content of
proline an imino acid containing a 6-mem-
bered ring, pipecolic acid (piperidine-2-
carboxylic acid) is found in the pollen of
most of the investigated plants (Alnus,
Corylus, Quercus, Betula, Saliz, Secale ),
but not in the green parts. The biosynthe-
sis of this acid from lysine is established °.
The reaction is reversible. It is not known
if drying promotes this synthesis.

The occurrence of proline in much higher
amounts in the pollen than in the leaves of
wind-pollinated plants is an interesting
phenomenon. The formation of proline
from glutamic acid leads to neutralization
of this acidic amino acid and also to en-
richment of carbon and nitrogen in the
molecule. In the pollen of some plants
pipecolic acid is formed from lysine (cf.
above) which causes neutralization of this
basic amino acid. Because the formation
of proline is, however, many times greater
than that of pipecolic acid, ringformation
in its entirety lowers the acidity of the free
amino acid fraction. From these imino
acids the corresponding acidic and basic
amino acids, respectively, may be formed
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again during fructification. These circum-
stances can be of physiological signifi-
cance.

4. Citrulline which is present in notice-
able amounts in the leaves of Alnus and
in large amounts in the leaves of Corylus
could not be found in pollen. In other in-
vestigated plants citrulline does not occur,
oxcept in Betula where a small amount of
it was found both in leaves and in pollen.

5. The amount of free basic amino acids
is much higher in the pollen than in the
leaves of many plants, as in Betula, Popu-
lus tremula, Quercus, and Pinus. A notice-
able increase in amides (asparagine .or
glutamine or both) is also often found in
pollen. When comparing the free amino
acid fraction in pollen and in the green
parts of plants it seems that the decrease in
acidity of this fraction (via ringformation,
formation of amides, increase in basic
amino acids) is characteristic for the pollen
of wind-pollinated plants.

Of the pollen of insect-pollinated plants
only the free amino acids in the pollen of
Amaryllis and Lilium tigrinum have been
investigated. In these plants no typical
differences between the amino acids in the
pollen and in the green parts of the plants
could be found. Because of the scantiness

of the material no general conclusions can, -

however, be drawn about the free amino
acids in the pollen of insect-pollinated
plants.
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Dissociation Constants in the Yeast
Alcohol Dehydrogenase System,
calculated from overall Reaction

Velocities

AGNAR P. NYGAARD# and
HUGO THEORELL

Medicinska Nobelinstitutet, Biokemiska
avdelningen, Stockholm, Sweden

As shown recently !, the overall data ob-
tained for yeast alcohol dehydroge-
nase ** (ADH) are consistent with the
formation of a ternary complex where all
equilibria are adjusted rapidly except for
the transformation of the ternary complex
(step 5).

For this scheme, Alberty ? has shown
that K,, the dissociation constant of the
third step, is identical with the Michaelis
constant of DPN, K, the Michaelis con-
stant of EtOH etc. Furthermore, the new
kinetic constant introduced by Alberty 2,

Krton.ppN = KK, = K,-K, and
Kauppna = KK, = K-K,.

From these relationships the dissociation
constants of ADH.EtOH (= K,), of
ADH - DPN (= K,) etc. can be calcula-
ted. In Table 1 are shown the data obtai-
ned using the kinetic constants of the pre-
vious work 1. Although the conditions of

* Fellow, Norwegian Research Council.

** The following abbreviations are used:
ADH, yeast alcohol dehydrogenase; DPN,
diphosphopyridine nucleotide; DPNH, redu-
ced diphosphopyridine nucleotide; FtOH,
ethyl alcohol; Ald, acetaldehyde.

. ADH 4+ EtOH & ADH - EtOH

ADH + DPN 2 ADH . DPN

ADH - EtOH + DPN & ADH . EtOH.-DPN
ADH - DPN + EtOH 2 ADH-EtOH.-DPN
ADH . EtOH - DPN & ADH - Ald - DPNH
ADH . Ald - DPNH & ADH . Ald -+ DPNH
ADH - Ald- DPNH 2 ADH - DPNH -+ Ald
ADH - Ald & ADH + Ald

ADH . DPNH & ADH + DPNH
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