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On the Association, Solubility and Molecular
Weight of Lignins*
J. Johan Lindberg

Department of Wood and Polymer Chemistry, Universiiy of Helsinki,
Helsinkz, Finland
The various theories for the solubility behaviour and hydrogen bond forma.-

tion of lignins have been reviewed. The relation between association, solubility
and molecular weight of ligning have been discussed in terms of recent results,
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in Leningrad June 12th—14th 1968.
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In this lecture an attempt is made to give a unified picture
of the relation between association, solubility and molecular
weight of lignins. The present discussion primarily concerns
protolignin and lignins soluble in organic solvents and solvent
systems. The special properties of lignosulphonic acids, such as
strong polarity and polyelectrolyte behaviour will not be dis-
cussed here in detail.

We might begin with a rather crude model of the physical
properties of lignin. Wood is as we know an intimate mixture of
polymeric materials which interpenetrate each other to form a
threedimensional structure. We also know that the lignin moiety
in the wood is comprised of chains of phenyl propane units
(Fig. 1) 1. The chains are cross-linked to each other in a number
of different ways to give an extensive network which seems also
to be connected in some way to the hemicellulose part of the
wood. The network structure is still reinforced by secondary
valence bonds, hydrogen bonds and van der Waals bonds
between its various groups® (Fig. 2). When the lignin is made
soluble, fragments of the degraded network enter into solution
as macromolecules of various sizes.

Information regarding the magnitude of the lignin wunits
present in the wood and their interconnection with other wood
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Fig. 2. Some typical examples of hydrogen bonds present in the lignin
structure.
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components and of lignins isolated by dissolution can be ob-
tained in several ways. Chemical methods of isolation and frac-
tionations of various degrees of caution followed by viscosimetry,
sedimentation, light scattering, diffusion orfand gel-chromato-
graphy yield information on the size and configuration of the
macromolecules in the initial state and in solution. In addition,
the nature of the bonds present under various physical and
chemical conditions can be resolved by ultraviolet and nmur-
and especially by infra-red spectroscopy.

Table 1. Infra-red OH and CO- stretching frequencies (em™1) of model com-
pounds and lignins in different environments.?

Compound : OH- frequencies, ecm™!
Solid CCl; | Butan- |Dioxan |Pyridine] DMSO
(liquid) 2-one
Phenol 3270 3611 3360 3320 3100 3220
3523(1)| 3475
3360(1)
Guaiacol 3480 3550 3395 3360 3120 3220
2,6-Dimethoxy 3480 3550 3395 3360 3120 3220
phenol 3450
6-t-Butyl-2- 3515(1) 3530 3520 3515 3515 35615
methoxyphenol
Benzyl alcohol 3325(1) 3620 3500 3460 3255
3515
Cinnamyl alcohol 3350(1)| 3625 3510 3450 3265
Acetovanillone 3305 3545 3350 3310 3150
Vanilloy! methyl 3350 3535 3280
ketone 3290
Cinnamic acid <3100 3545 3185 3135 | <3100 | <3100
Benzoic acid <3100 3535 3185 <3100 | <3100
CH,Cl,
Milled wood lignin 3420 3525 3425 3490 3415 3450
Kraft lignin 3410 3520 3425 3480 3380 3400
3250
CO-frequencies, em™
CCl,
Vanilloyl methyl 1702 1715 1710
ketone 1656
Cinnamaldehyde 1671(1)| 1685 1677
Vanillic acid 1678 1734 1715
1686
Milled wood lignin 1726 1730 (CH,Cl,) 1730
1666
Kraft lignin 1712 1730 (CH,CL,) 1726
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Solubility and Structure

Attached to the phenylpropane polymer backbone of the
lignin structure are large numbers of phenolic and alcoholic and
methoxyl groups as well as some carbonyl and carboxyl groups.
The typical formula for a soft wood lignin is roughly (C;gH,,04.5),
as compared to (CH,0), for a carbohydrate. Thus, it is not
surprising that lignins, as also the carbohydrates of the wood,
are strongly influenced by hydrogen bonding and association
forces both in the native state and as isolated substances as
shown by frequency shifts in the infra-red spectra (Table 1).
Lignins in general are only slightly or not at all soluble in inert
solvents (e.g. n-hexane and carbon tetrachloride), but readily
soluble in solvents which are able to break down the hydrogen
bonds between. the polymer molecules and to replace them by
bonds to the solvent molecules 2:4,

Table 2. Classification of substances by hydrogen bond type.®

Clags of  Groups in molecule Examples of substances
compounds Proton Electron*)

donors donors
(acids) (bases)
A + — Mainly halogenated compounds with
enough halogens to activate hydrogens:
CHCI, ete. and possibly C,H, protons.
B — + Ketones, aldehydes, ethers, tert.
amines, esters, olefines.
AB —+ - Water, alcohols, carboxylic acids,
prim. and sec. amines.
N - — Saturated hydrocarbons, CS,, CCl,.

*) Proton acceptors form a subgroup of this group.

Mutual solubility behaviour when mixed together:

AB + N Low

A 4B High

A 4 AB Intermediate, dependent on the relative
strengths of bonds broken and formed.

AB + AB Intermediate

AB + B }

B + B Not determined by hydrogen bonds, but by

A 4+ A polarity and dispersion forces.

N + N

A +N

B + N

Lignins: AB and B class behaviour .
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The solubility and precipitability of lignins fit also a general
scheme for the classification of compounds according to their
type of hydrogen bonding. The scheme which is given in Table 2,
has been discussed in detail by Pimentel and McClellan 3. Thus,
if two substances belonging to the same or different classes in
the sense of the table, are mixed together, the types of mutual
solubility behaviour given in the lower part of Table 2, would
be expected.

Lignins contain both proton-donor groups (alcoholic, phenolic
and acidic hydroxyl groups) and electron-donor groups (oxygen-
containing groups of various kinds, aromatic nuclei and double
bonds). They cannot be classified as pure class AB compounds,
but display some degree of class B behaviour, primarily depend-
ent of the excess amount of electron-donor oxygen reinforced by
unsaturated bonds 5:8,

The ability of a solvent to participate in hydrogen bond
formation can be characterized in several ways. A simple method
which has been much used in polymer chemistry is based on
the empirical hydrogen bond capacity concept of Gordy 7.
Gordy has shown that when hydrogen-bonding solvents are
mixed with heavy methanol (CH,0D), a shift in wave length is
observed in the oxygen-deuterium band of the infra-red region
of the spectrum (4 ). The shift in wave length (42) is propor-
tional to the hydrogen-bonding capacity or basic strength of
the solvent. In Table 3 some of these hydrogen bond parameter
values for common solvents are given.

Table 3. Solubility parameters ¢ and hydrogen bond capacities 44 of common
lignin solvents and precipitants.’»*

Solvent é A2
CCl, 8.6 0
Ethyl ether 7.5 0.19
Acetone 10.0 0.14
Dioxan 10.0 0.14
DMSO 12—-13 ~0.23
Pyridine 10.7 0.27
Water 23.4 High
Ethanol 12.7 High
Methyl cellosolv 10.8 High

A study of relevant solubility data for lignins indicates that
the behaviour of these substances with regard to solvents and
other macromolecules cannot solely be interpreted in terms of
the hydrogen bond capacity parameter. Water, e.g., is generally
a poor solvent for lignins, but shows a very high parameter
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value. Thus-it can be concluded that general polarity effects
must also be taken into consideration. Schuerch ¢ has also shown
that the ability of solvents to dissolve lignins increases not only
with the hydrogen bond forming power of the solvent but also
as its Hildebrand solubility parameter, J, which is a measure
of the cohesive energy density of the solvent, approaches that
of the lignin. In Fig. 3 the solubility of some lignins ave plotted
as a function of the hydrogen bond capacity and solubility
parameter of the solvent 7.

| [ |
15—
8 Total solubility
10— ol 02
8 | ! 1
0 10 20 30
-2
o A »10

Fig. 3. The effect of the solubility parameter, § and the hydrogen-bonding
capacity, 4 A of a solvent system on the solubility of kraft lignin®.

Judging from the results of Schuerch lower molecular weight
lignin fractions are soluble in solvents with a wider range of ¢
and 42 values than are the higher molecular weight fractions.
Furthermore the swelling power of solvents with regard to
strongly cross-linked lignins also seems to follow the same
patterns. Thus a good solvent for lignins should have a d-value
around 11 and a Ai-value = 0.14. It is evident that infra-red
spectra and solubility parameters characterize ligning in a
straight forward way with regard to their molecular size, inter-
molecular interaction and general polymer properties. This seems
especially to be the case for a single solvent-solute interaction,
whereas in the case of mixed solvents complications occur.
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Influence of Polar Effects

From the practical point of view it would be of importance
to be able to apply the methods discussed above also to ternary
systems containing a lignin as one component. The treatment of
this problem may, at least in theory, be performed using general
polymer thermodynamics. Thus the thermodynamic properties
of polymer solutions are frequently described in terms of the
Flory-Huggins theory®. There, the stability of multi-component
systems containing a polymer and one or several solvents may
be characterized by interaction parameters, y, one for each pair
of components. When the values of y are appropriate, polymers
are soluble in mixtures of two liquids, neither of which is a
solvent for that polymer. Thus, e.g. significant solubility maxima
oceur for the system 1,2-dichloroethane-ethyl ether when milled
wood lignin, dioxan lignin or 170° soda lignin are solutes ®S.

Stability analysis® shows further that there is a maximum
critical value of the Flory parameter, y, below which the
polymer and the solvent are miscible over the entire composition
range and above which two phases form. The critical value is

found to be
1 \2
%= 0.5 <1 -+ ﬁ)

where m is the ratio of molar volumes of polymer and solvent.
Since in general m is a very large number for polymers, the
criterion for polymer solubility is essentially given by » < 0.5.

Tor polymer-solvent systems which contain only nonpolar
species the Flory interaction parameter and the Hildebrand
solubility parameter are interrelated in a semi-quantitative way
by the following equation

v,
L= 2+ BT (0o — d)2

where y, is an entropy parameter and usually about 0.3. V, is
the molar volume of the solvent and J, and Jp the Hildebrand
parameters of solvent and polymer respectively.

From the above discussion regarding the relation between
solubility and hydrogen bonding, it is clear that the Hildebrand
solubility parameter, d, only will not predict the right value of
% and the right solubility behaviour of lignins. However, split-
ting the solubility parameter in a polar and a non-polar part 19,
v and 4 respectively, whitout taking hydrogen bond formation
explicitely into consideration, a rough correlation is obtained,
as can be seen from the data collected in Table 4.1
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Table 4. Non-polar and polar solubility parameter data and solubilities of some
common solvents, precipitants, polymers and lignins at 25°C. 1

Solubility *) of soft-
Compound 2 - . wood lignins
(eal/mole) */* MWL |Dioxan | 170°
soda
Chloroform 7.74 4.88 | 0.61 I I PS
1,2-Dichloro- 7.87 5.83 | 0.59 I S S
ethane
Chlorobenzene 9.23 2.93 | 1.26 I I
Acetone 7.58 6.13 | 0.78 S S
Diethyl ether 7.05 2.27 | 2.63 I PS, I I
DMSO 7.60 10.9 4.48%** PS S S
Dioxan 8.55 4.65 | 0.43%%%:k S S s
Styrene 9.3 0.0
Propylbenzene 8.65 0.0
Polystyrene 9.10 0.0
Poly (vinyl 7.12 5.36
acetate)
Lignin 9.10 5.23 bk

*) I = insoluble, PS = partially soluble, S = soluble. )
**) Critical value for a molecular weight of 7000, y. < 0.61, for mol. wt.
20000, x. = 0.56.
*%%) xperimentally x
4

0.34—0.48.%
4%} [xporimentally 0

.42—0.58.1%a

Thus, it seems possible in the case of ligning with certain
exceptions (e.g. dimethyl sulphoxide and alcohols), to treat the
hydrogen bond effect as a homogeneous polar effect. The reason
for this fact seems to be found in the large number of such bonds
formed which makes the potential field nearly continuous over
the whole macromolecule. It is also of interest to note that in
the present form the theory applies to ternary systems, with
certain precautions which will be discussed below,

To sum up the results, with the aid of two-parameter theories
a rough prediction of the relation between structure and solubility
of lignins in binary and ternary systems can be made. However,
several difficulties arise especially in ternary mixtures. A mixed
solvent may not always be treated in the same way as a solution
in a single solvent. Theoretically a mixed solvent behaves as a
single solvent only if the interaction parameters y,3 = yoq and
if ., = O, where the indices 1 and 2 refer to the solvents and
index 3 to the solute. A large difference between x4 and y.s,
on the other hand, indicates selective absorption of the more
effective solvent in the polymer rich phase. With these limita-




— 138 —

tions a two-parameter theory would work, also for ternary
systems. In addition the strong polydispercity also of fraction-
ated lignins must be taken into consideration when evaluating

the results.

Three-Parameter Theories

To get a better correlation than above between theory and
experiment a new additional parameter must be introduced and
the problem thus treated as a three-parameter problem. The
introduction of the third parameter can be made in several
ways.

Thus Crowley et al!? tried to characterize celluloseesters
using 4 and the hydrogen bond parameter, whitout results. They
therefore introduced the dipole moment as the third parameter
and plotted a there-dimensional diagram with areas of complete.
partial and no solubility. The same relations may also be depicted
in a map introducing the third parameter as a contour line.
A somewhat similar treatment has been made by Dr. Elkman
and the present author for lignins®, We found that a good
solvent or solvent mixture for a lignin should have a diclectric
constant of about 12.5—17.5. Dioxan and dimethyl sulphoxide
are however marked exceptions.

Another way to treat the problem is that recently presented
by Hansen ™. According to him it is possible to get a satisfactory
picture of the solubility relations using only the solubility
parameter, J, if this is split in three terms in one special way.
The difficulty inherent in the method is that the parameters
must be arrived at by a trial and error procedure. The results ob-
tained by the method are however promising. Thus non-inter-
acting solvents which in a mixture become interacting have
been found with better than 95 9, accuracy in 400 cases. For
Bjorkman-lignin, e.g. methanol-propylene carbonate (1:1) and
methanol-nitromethane (1:1) were predicted to be solvent
mixtures in good agreement with experiments.

Molecular Weight of Lignins

To conclude this review we shall discuss the molecular weight
measurements of lignins in the light of the solubility studies.
In recent reports Sokolov, Bogomolov and Veselova® have
investigated the molecular weight of certain lignin preparations
by sedimentation and ultracentrifugation. In addition they give
a thorough review of the results of the measurements by other
authors. In Table 5 some of these data are collected as a basis
for the discussion.
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Table 5. Molecular weights determined by various methods %1% on lignins
isolated from spruce wood.

Methode of
Lignin Solvent detormination Mol.wt. | Reference
Weight average molecular weights M,
Bjorkman - Ultracentrifugation 11000 9
» Pyridine 9 7100 14b
Dioxan, fract. » » 4300 — 14b
85000
Methanol Methanol Diffusion 7400 19
Thioglycolic acid 0.2 N NaOH  |Ultracentrifugation 4000 — 20
) + Diffusion 34000
0.1 M NaCl
Soda, fract. Dioxan Light scattering 28000 — 17
146000
Kraft, » B » 5600 — 17
25000
» 4 B Pyridine Ultracentrilugation 6500 14a
o, » » 12000 14a
» » DMSO » 12000 14a
» o, b Tetrahydro- |Sedimentation 3500 15
furan
Lignosnlphonic o
acid, fract. 0.1 M KCl Diffusion 1000— 21
5000
P, D Water ] 250— 21
9500
Yo, » Light scattering 8600 — 22
138000
Number average molecular weights M,
Brauns native — Osmometry 2800 — 24
6700
Methanol Methanol » 3500 19
» Chloroform  |Ebulliscopy 3600 19
Ethanol Acetie acid  |Cryoseopy 600 Refs, in 14a
Kraft, fract Ethanol Osmometry 4500 23
b, N Acetone » 20000 23
(. » Dioxan » iggg igb
o » Cryoscopy
Doy » Ethylene » 1020 18b
carbonate

A brief inspection of the results indicates that methods based
on number average molecular weights, M, (e.g. osmometry and
cryoscopy) give for the same materials smaller values than those
based on weight average molecular weight M,, (e.g. sedimenta-
tion and light scattering) in accordance with theory. Thus,
Marton %6 found that the ratio M, /M, = 2.2 for pine kraft
lignin and about 2.8 for hardwood kraft lignin, which are current
values for polydispercive polymers like lignins. Furthermore it

N— N
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is evident from the data that the molecular weight of the chief
fraction increases in the order: thioglycolic acid lignin<kraft
lignin< Bjorkman lignin< lignosulphonic acid<soda lignin. The
molecular weights seem further to be distributed over quite a
large range from about 1000 to 150000.

From the data of Table 5 nothing can be deduced about the
magnitude of the molecular weight of lignins in the native state.
However, a question arises regarding the nature of the fragments
investigated: What are we in reality measuring when we are
determining the “molecular weight” of an isolated lignin? Is it
an aggregate weight or is it a real weight of the molecule?

With the usual methods it is very difficult to distinguish
between these two forms of particles. Some indications regarding
the strength of the associative effects can e.g. be obtained by
studying the behaviour of lignins during gel-chromatography.
Dr. Ekman and the present author 1 studied the gel-filtration
behaviour in dimethyl sulphoxide of certain milled wood lignins
and dioxan lignins before and after methylation or acetylation,
on a gel-column made of dextrane. It was found that methyla-
tion produced no alteration in the polydispercity and distribu-
tion curve. As the gel strongly fractionates molecules according
to their size and adsorptive power it seems likely that at least in
strongly polar solvents a fractionation according to real mole-
cular weights is obtained. In a previous work we also found
that the molecular weights calculated from gel-filtration data
are in agreement with results of light scattering and viscosity
measurements for kraft and soda lignins 17,

However, also the other alternative, i.e. very strong inter-
molecular association has been suggested 2. Recently Brown 18
concluded from thermodynamic investigations on the interac-
tion between solvents and kraft lignins that they are polydisper-
cive materials having a great and underestimated propensity
for association. Furthermore he concluded that it is the change
in solvent structure rather than the nature of the lignin-solvent
interactions, which governs the magnitudes of the estimated
thermodynamic parameters.

In the light of the mentioned investigations it seems evident
that the application of molecular weight determinations deserve
in crucial cases a special analysis with respect to the nature of
the methods* before a definite dicision between the wvarious
views can be made.

O
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14.

15.
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17.

18.

19,
20.
21.
22.

23.
24.

— 141 —

References

. Adler, E., Das Papier 15 (1961) 10a: 604. Freudenberg, K., Holzforschung

18 (1964) 1.

. Lindberg, J. J., Paperi ja Puu 37 (1955) 206, 42 (1960) 193. Goring, D. 4. L.,

Pulp & Paper Res. Inst. Canada. Tech. Rep. 249 (1961).

. Lindberg, J. J., Soc. Sci. Fennica, Comm. Phys. Math. 20 (1957) 1. Ekman,

K. H. & Lindberg, J. J., Paperi ja Puu 42(1960) 21. Michell, A. J., Austral.
J. Chem. 19 (1966) 2285. Wada, S., Bull, Chem. Soc. Japan, 35 (1962) 710.

. Schuerch, C., J. Am, Chem. Soc. 74 (1952) 5061. )
. Pimentell, Q. C. & McQlellan, A. L., The Hydrogen Bond, San Francisco

1960.

. Bkman, K. H. & Lindberg, J. J., Suomen Kemistilehti B39 (1966) 89.

. Gordy, W., J. Am. Chem. Soc. 60 (1938) 605.

. Flory, P. J., Principles of Polymer Chemistry, Ithaca N. Y. 1953.

. Bjérkman, A., Sv. Papperstidn. 59 (1956) 13: 477, 60 (1957) 158, 243, 329.
10.
. Lindberg, J. J., Suomen Kemistilehti B40 (1967) 226.
12.

Blanks, R. F. & Proausnitz, J. M., I & B. C. Fundamentals 3 (1964) 1:1.

Orowley, J. D., Teague Jr., G. 8. & Lowe Jr., J. W., Farbe Lack 73 (1967)
120, J. Paint. Technol. 39 (1967) 19.

Hansen, C. H., J. Paint. Technol. 39 (1967) 104.

a) Coxonos, O. M., Boromonos, b. [I. u Becenosa, 3. B., JlecHo#, XK. 9
(1966) 1: 139, 10 (1967) 3: 140. Cf. also .

b) Rezanowich, A., Yean, W. Q. & Goring, D. A. I., Sv Papperstidn. 66
(1963) 5:141 and Ref. 18.

Marton, J. & Marton, T'., Tappi 47 (1964) 471,

Elman, K. H. & Lindberg, J. J., Paperi ja Puu 48 (1966) 241.

Lindberg, J. J., Tylli, H., & Majani, O., Paperi ja Puu 46 (1964) 521.
Lindberg, J. J., Penttinen, K., & Majani, C., Suomen Kemistilehti B38
1965) 95.

:(1) Berm, W., J. Applied Polymer Sci. 11 (1967) 2382, Cf. also b) Gross,
S. K., Sarkanen, K. & Schuerch, 0., Anal. Chem. 30 (1958) 518. c) Benko
J., Tappi 47 (1964) 508.

Loughborough, D. L. & Stamm, A. J., J. Phys. Chem. 40 (1936) 1113,
Gralén, N., J. Colloid. Sei. 1 (1946) 453.

Ernsberger, F. M. & France, W. G., J. Phys. Colloid. Chem. 52 (1948) 267.
Moacanin, J., Felicetta, V. F. & McCarthy, J. L., J. Am. Chem. Soc. 77
(1955) 3470.

Boromonos, B. [I., Comosiosa, A. A., I'JIBit 50 (1962) 106.

Hess, C. L., Teppi 35 (1952) 312.

R R O R R O RRBRRRRRRRERREEFRRERRDRIEDTI™ — S it il




— 142 —

The Occurrence of Methoxy-p-benzohydro-

quinone-oxidizing Ability among Soil Bacteria

and Its Correlation to Other Phenol Oxidase
Activities. A Factor-Analytical Approach.

Veronica Sundman and Katri Lathia

Department of Microbiolegy
University of Helsinki— Helsingfors
Finland

Suspensions of washed bacteria of random soil isolates have been tested for
their ability to oxidize methoxy-p-benzohydroquinone (MeHQ). In addition
the oxidation by these bacteria of catechol, p-phenylenediamines, nadi reagent,
and benzidine in the presence of hydrogen peroxide was determined by means
of common tests for laccase, oxidase, cytochrome oxidase, and peroxidase. Of
the 93 strains investigated, 44 per cent oxidized MeHQ to coloured compounds.
The correlations between the oxidase activities tested were computed, and the
information given by the correlation matrix was condensed to three rotated
factors, the variances of which amounted to 68 per cent of the number of
activities tested. The three factors were dominated by loadings of para-diphenol
oxidase, ortho-diphenol oxidase, and peroxidase activities, respectively. The
MeHQ oxidase activity was evenly distributed among the three factors. This
was taken as evidence of the versatility of MeHQ oxidation among bacteria.
The occurrence of two alternative types of colour changes due to bacterial
oxidation of MeHQ points in the same direction.

Introduction

Methoxy-p-benzoquinone (MeQ) is a metabolite of bacterial
lignan degradation (Sundman & Haro, 1966). The substance has
been demonstrated to result from degradation of lignin-related
compounds by fungal enzymes also (Fukuzumi et al., 1964,
Flaig, 1964). The oxidative coupling of phenolic substances to
quinoid humic acid precursors which accompanies biological
lignin and lignan degradation has been suggested partly to
proceed via this metabolite. Neither with laccase-producing,
wood-decomposing fungi nor with lignanolytic agrobacteria is
MeHQ an intermediate in the formation of MeQ. Nevertheless,
the former compound is closely related to the humification pro-
cesses, owing to the fact that in aqueous solutions MeQ occurs in
equilibrium with MeHQ. The lignanolytic agrobacteria studied
by Sundman et al. (1968) are capable of oxidizing MeHQ, possibly
through an initial one-electron transfer reaction, to coloured
compounds by a reaction similar to the oxidation brought about
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by horse-radish peroxidase. The ability to oxidize MeHQ was
lacking in strains of Hscherichia coli and Bacillus megaterium
included for comparison.

In order to settle how frequently soil bacteria are capable of
oxidizing MeHQ to coloured compounds, washed suspensions of
some hundred random soil isolates were tested for this ability.
Concomitantly the suspensions were tested for catecholase,
laccase, oxidase, cytochrome oxidase, and peroxidase, using
common routine colour tests. The correlation between the various
testes were computed and submitted to factor analysis in order
to see how far MeHQ oxidase activity is correlated with these
other oxidase functions, which are known to oxidize phenols to
coloured compounds. The results of these experiments are
reported below.

Materials and Methods

Bacteria. The bacteria originated from a soil sample taken in
the spring from the top layer of a ploughed oat field of clay
loam type. A one per cent (w/v) suspension of the soil in distilled
water was dispersed with the aid of an Ultra Turrax disintegrator
applied for one minute. The coarse particles were allowed to
settle, and the supernatant was submitted to decimal dilution
plating on soil extract agar (isolation medium of Taylor, 1951).
After incubation at room temperature for two weeks, colonies
were transferred to stab cultures in semisolid soil extract agar.
Only those plates which contained less than 20 colonies were
talken for colony transfer, and all the colonies from such plates
were transferred. The isolates were checked for purity by micro-
scopic examination. The pure cultures were stored at 3°C as
stab cultures, and transferred every 6 months to fresh semisolid
soil extract agar. The investigation to be described below was
confined to 93 such random isolates.

For production of bacteria to be used in the tests for phenol-
oxidizing capacity the isolates were grown in Roux bottles on
soil extract agar supplemented with glucose, Difco yeast extract,
and Difco tryptone (medium V of Taylor, 1951). The Roux
bottle cultures were incubated at 28° until the maximal yield of
bacteria was obtained; mostly two days, but with some isolates
as much as 7 days’ incubation was necessary. The bacteria were
dislodged with the aid of sterile glass beads, and M/15 phosphate
buffer of pH 5.9. Agar particles were removed by filtration
through glass wool, the bacteria were centrifuged down, washed
twice and resuspended in the buffer to give a suspension of 10
to 12 mg dry weight of bacteria per ml. The suspensions were
stored at 2° until used in the oxidase tests.
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Compounds used as hydrogen donors in the oxidase tests. The
colour changes due to contact with the washed bacteria were
noted with the following compounds, the structures of which
are shown in Fig. 1: 1) MeHQ, 2) catechol, 3) p-phenylenediamine-
dihydrochloride (PPD), 4) N,N-dimethyl-p-phenylenediamine-
dihydrochloride (DMPPD), 5) DMPPD together with a-naphthol
(nadi reagent), 6) benzidine in the presence of hydrogen per-
oxide, and 7) mesidine in the presence of hydrogen peroxide.
MeHQ was synthesized as previously described by Sundman &
Haro (1966); the other substances were commercial preparations
of analytical or reagent grade. The compounds 1—6 in Fig. 1
are known to be dehydrogenated by phenol oxidases of laccase
type (Sundman & Haro, 1966; Fahraeus et al., 1958; Leonowicz &
Trojanowski, 1965; Fahraeus & Reinhammar, 1967; Lyr, 1958
a, b). Compound 4 has found general use in tests for the presence

OH NH, HCI
OCH, OH
OH OH NH,- HCI
1. Methoxy-p-benzohy- 2. Catechol 3. p-Phenylenediamine-
droquinone (MeHQ) dihydrochloride
(PPD)
H,C C
& OH
N-HCI
DMPPD +
NH,HCI a-napthol

4. N,N.Dimethyl-p-phenylene-
diaminedihydrochloride (DMPPD)

5. Nadi reagent

CH,
H;C CH,

NH,

6. Benzidine 7. Mesidine

Fig. 1. Compounds used as hydrogen donors in the test for oxidase activities.

e
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of oxidase in bacteria (Kovacs, 1956) and compounds 5 for cyto-
chrome oxidase (Gaby & Hadley, 1957). Compounds 6 and 7 are
used for testing the presence of peroxidase (Lyr, 1958 b; Paul &
Avi-Dor, 1954).

Method of qualitative testing. Equal amounts, 0.2 ml, of bacterial
suspension, hydrogen donor solution, and hydrogen peroxide
solution (in the case of peroxidase tests) were mixed on a white
porcelain test plate at room temperature, using the concentra-
tions indicated in Table 1. A colour change, as compared with

Table 1. Concentration of the solutions of hydrogen donors, and reaction times
of various oxidase tests. (Equal amounts of solutions and bacterial suspensions
were mixed according to the testing method employed).

Hydrogen donor *)  Concentration Reaction Colour References
time developing
upon
bacterial
oxidation
1) MeHQ 10M 30 min—24h brownor Sundman et al.,
red (1968)
2) Catechol 1M 30 min—24h brown Fahraeus
et al., (1958)
3) PPD 10—2M 5—15 min mauve Leonowicz &
Trojanowski,
(1965)
4) DMPPD 2.4 X 10M 1—2min red Kovacs, (1956)
DMPPD 4.8 X 10M
(3vol)
. Ja-naphthol = . Gaby &
5) Nadi in 95 9 7.1 x 10°*M 5—60 sec blue Hadley, (1957)
ethanol
(2 vol)
Benzidine in 1.1 x 103M
0.1 M acetate
6) buffer of pH 1—3 min blue Lyr, (1957)
5.3
H,0, in water 8.8 X 10—M
Mesidine in 4.5 x 10*M
0.3 M acetate
7 { buffer of pH 1—5 min purple Paul & Avi-
4.9 Dor, (1954)
| H,0, in water 1.6 x 102M

*) The compounds listed were dissolved in M/15 phosphate buffer of pH 5.9,
unless otherwise stated.
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controls for substrate and buffer only, and for bacteria only,
necessary in the cases of pigmented organisms, was noted after
the times indicated in Table 1. The results were scored as plus
or minus, weak reactions being taken as positive. The tests
were performed with freshly harvested bacteria, and repeated
7—14 days later. '

Quantitative determination of MeHQ oxidase activity. Bqual
amounts, 2 ml, of bacterial suspensions containing 10 to 12 mg
dry weight of bacteria per ml, and 102 M MeHQ solution in
M/15 phosphate buffer of pH 5.9 were placed in a 100 m] BErlen-
meyer flask. A correspondirg flask with MeHQ solution and
buffer only was prepared as a confrol for autoxidation of MeHQ.
The flasks were shaken for 60 min on a rotary shaker at 28°.
The solutions were filtered through membrane filter MF 50, and
the absorbance at 500 nm was measured in 1 em cuvettes 30
min later, using the control filtrate as standard. A quantitative
measure of MeHQ oxidase activity was obtained by dividing
Agoo n X 108 by the dry weight of the bacteria in mg.

Computing. The results of the ‘qualitative tests for oxidase
activities were transferred to punched cards, one for each strain.
The correlation coefficients between the tests, factorization of
the correlation matrix, and orthogonal rotation of the factors
were computed with an IBM 1620 computer at the Department
of Applied Mathematics, University of Helsinki, using standard
programmes.

Resulls
The frequency of positive test results with the seven hydrogen

donors employed is shown in Table 2. Whercas positive test
results with oxidase activities 1—6 occurred with similar fre-
quency among the random soil isolates, ranging between 32 and
44 per cent, none of the isolates tested gave a positive reaction
for peroxidase with mesidine. Mesidine has been considered one
of the most suitable and specific hydrogen donors for the detee-
tion of peroxidase (Saunders et al., 1964, p. 160). However, the
method requires a rather high concentration of peroxidase and
was hence not recommended by Paul & Avi-Dor (1954) as a
general test for peroxidase in biological material. Though none
of the soil bacteria investigated gave a positive mesidine reac-
tion for peroxidase according to the technique applied, the
method might be useful in bacteriological work, since an unidenti-
fied Bacillus strain isolated in this laboratory from infected soil
extract agar was found to give a strongly positive mesidine reac-
tion with the same technique.
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The oxidation of MeHQ, demonstrated by Sundman et al. (1968)
to occur with a lignanolytic Agrobactertum sp., was found to be
the most frequent oxidation activity observed, positive test
responses being scored for 44 per cent of the strains tested. The
frequent oxidation of MeHQ by soil bacteria is not unexpected,
since the corresponding quinone appears as a metabolite in the
biological degradation of lignin-related compounds. Two types
of colour change were noted with MeHQ. The majority of the
MeHQ-oxidase-positive strains changed the MeHQ solution to
a brownish hue of the same kind as obtained upon prolonged
autoxidation of the solution. With these strains, the MeHQ-
oxidase activity, according to the quantitative determination
method, varied between 5 and 10. Nine of the strains investi-
gated caused a colour change of MeHQ to a deep purple. With
these strains the MeHQ oxidase activily was markedly higher,
varying between 30 and 60.

Table 2. Frequency of oxidase activities among 93 random bacterial soil isolates.

Positive test
results, per cent

Activity tested

1) MeHQ oxidase (Sundman et al., 1968) 44
2) Catecholase (Fahraeus et al., 1958) 40
3) Laccase with PPD (Leonowicz & Trojanowski, 1965) 42
4) Oxidase with DMPPD (Kovacs, 1956) 40
5) Cytochrome oxidase with nadi reagent (Gaby & Hadley,

1957) 32
6) Peroxidase with benzidine (Lyr, 19567) 37
7) Peroxidase with mesidine (Paul & Avi-Dor, 1954) 0

None of the activities 1 to 6 of Table 2 is specific. Each of
the hydrogen donors is known to act with several of the oxidases
named in the table. The equal frequency of positive test results
shown in Table 2 might therefore give the impression that the
various tests are strong'y correlated. In fact, there occurred
several types of test combinations. Strains which gave positive
test results for only one of each of the activities were e.g. found
among the isolates tested, as shown in Table 3. Activity 5, cyto-
chrome oxidase, was an exception, a positive result for cyto-
chrome oxidase with nadi reagent was on every occasion ac-
companied by a positive response with the oxidase test.

The correlation coefficients between the six oxidase functions
are shown in the left half-matrix of Table 4. The correlation
coefficients were computed according to the formula for product
moment correlation coefficient #, which in the case of dichotom-
ous test results is identical with the fourfould point correlation
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Table 3. Number of strains emong 93 random bacterial soil isolates giving
over-all negative, over-all positive, and one positive test response only, in 6
tests for oxidase activities described in Table 2.

Number of strains Test results for oxidase activities

) 2 3 4 5 6

28 e
12 + + + + 4+ o+
2 e = = =
2 - + - - - -
4 - - + - - -
1 - - - + - -
0 - - - - 4+ -
7 - - - = = 4

recommended by Sokal & Sneath (1963) for treatment of two-
state information (cf. Sundman & Gyllenberg, 1967).

In order to test the significance of the correlations between
the oxidase functions, the correlation coefficients were sub-
mitted to Fisher’s z-transformation (Moroney, 1962). The z-
values were taken from the table of Lindley and Miller (1966),
and are shown in the right half-matrix of Table 4. The function

1
z is distributed with a standar error of m , which in the

case under consideration, where N = 93, equals 0.105. It is shown.
by Table 4 that all the correlations, except four of those between
peroxidase and other oxidase activities, are significant at a P
level of less than 0.1 per cent, the corresponding z values exceed-
ing three times the standard error of z. The correlations between
laccase, oxidase, and cytochrome oxidase activities are especially
strong, their z values being about ten times the standard error.
The peroxidase activity is not significantly correlated with
laccase activity (r = 0.169) or oxidase activity (r = 0.158),
since the corresponding z values, 0.170, and 0.159, respectively,
do not reach the 5 per cent P level (z = 0.173).

In order to gain a clearer picture of the intercorrelations
between the various oxidase activities, the 6 X 6 correlation
matrix of their correlation coefficients was factorized, using
maximal correlation as estimates of communality. Three factors
were considered. The sum of their eigen-values (4.078) was 100.7
per cent of the sum of estimated communalities (4.048). The
eigen-value of the fourth factor was 0.076. The factor solution
was rotated by the varimax rotation method. The matrix of the
rotated factors is shown in Table 5.
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Table 4. Correlation coefficients » (left half-matrix) and corresponding z valuea

(right half-matrix) of six oxidase activities according to test results with 93

random bacterial soil isolates. The figures for r and z are given with three
decimals, omitting the zero sign of unity.

z = 1.1513 log ;+: (Moroney, 1962)

Oxidase activities 1) 2) 3) 4) 5) 6)

1) MeHQ oxidase 702 .636 .634 .613 377
2) Catecholase .606 .398 .498 455 251 z
3) Laccase .562 378 1.040 1.008 .170
4) Oxidase .561 461 778 1.253  .159
5) Cytochrome oxidase 546 426 .765 .849 .296
6) Peroxidase 360 .250 .169 .158 .288

The three factors of Table 5 could be named after their heaviest
loadings: laccase or para-diphenol oxidase factor, catecholase or
ortho-diphenol oxidase factor, and peroxidase factor, respectively.
It is shown by the table that the MeHQ oxidase activity of the
bacteria investigated is rather evenly distributed among these
three factors. The catecholase and peroxidase activities, on the
other hand, are distinctly loaded in the corresponding factors
only. The position of laccase, oxidase, and cytochrome oxidase
activities in the three-factor space is clustered. The information
on the enzymatic activity of bacteria obtained with the corre-
sponding three tests is, in fact, strongly overlapping. The closely

Table 5. Matrix of three rotated factors I—IIT of six oxidase activities based

on results with 93 random bacterial soil isolates. Factor loadings exceeding

0.4 are framed. The loadings are given with three decimals, omitting the zero
sign of unity.

Oxidase activities Communality  Estimated
I I 111 communality
(Tmax)
1) MeHQ oxidase |.408] ‘.588 .349 .636 .606
2) Catecholase 241 719 193 614 606
3) Laccase [.820| .257 .103 749 178
4) Oxidase ‘.815'1- .325 .056 .856 .849
5) Cytochrome |.B53 212 278 .851 .849
oxidase
6) Peroxidase .090 173 |.578| 372 .360
Factor variances 2.380 1.112 686 4.078 4.048
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related structure of compounds 3, 4, and 5 (Fig. 1), which are
used as hydrogen donors in these tests, is in conformity with
the overlapping results.

The dependence on metalloproteins of the oxidase activities
tested is illustrated by Table 6. The table shows the effect of
two metabolic inhibitors, 1072M potassium cyanide, and 10*M
para-chloromercuribenzoate (PCMB), respectively, on the out-
come of the test results. The inhibitors were added to the cell
suspensions prior to the hydrogen donors, according to the
method of qualitative testing outlined in a previous paragraph.
In not a single case was any inhibition of a positive test response
obtained with PCMB, whereas all positive reactions tested, ex-
cept 9 out of 36 positive catecholase reactions and 4 out of 37
positive oxidase reactions, were inhibited by 1072M KCN.

Table 6. Effect of cyanide and p-chloromercuribenzoate (PCMB) on the oxidase
activities of washed suspensions of some random bacterial soil isolates.

10*M KCN 10—°M PCMB
Oxidase Number of isolates Number of Number of isolates Number of
activities showing positive foregoing  showing positive foregoing
test response inhibited test response inhibited
without inhibitor without inhibitor
1) MeHQ not tested *) 7 0
oxidase
2) Catecholase 36 27 8 0
3) Laccase 28 28 - —
4) Oxidase 37 33 11 0
5) Cytochrome 20 20 — -
oxidase
6) Peroxidase 16 16 5 0

*) Cyanide reacted with MeHQ causing a colour change, and could hence
not be tested.

Discussion

It was the goal of this investigation to settle whether MeHQ
oxidase activity is common among soil bacteria, and further
to compare this special phenol oxidase activity with other known
phenol-oxidizing capabilities of the bacteria investigated. Accord-
ing to a recent survey on biological phenol oxidation ,detailed
knowledge about enzymes that oxidize phenols is scarcer than
for any other group of enzymes of major biological function”
(Brown, 1967, p. 168). The possibility of approaching the problem
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along a factor-analytical path was therefore tried in the hope of
gathering new information on the phenol-oxidizing capacity of
soil bacteria.

The rotated factor matrix in Table 5 clearly shows how un-
specific the common tests for “laccase’”, “oxidase’ and ‘“‘cyto-
chrome oxidase’ are. The information provided by these three
tests is very similar. Unless purified enzyme preparations are
assayed, care should be exercised not to specify the enzymatic
activity tested by these methods on grounds of the chosen test
only.

The three-dimensional oxidase factor space determined by
factors I, II, and III of Table 5 seems to be determined by the
para- (1), and ortho-diphenol oxidase (II), and peroxidase (111)
activities. Hence it well suits the comprehension of laccases,
tyrosinases, and peroxidases as the main classes of enzymes
known to catalyse oxidation and coupling of phenols.

The equal distribution of factor loadings of the MeHQ oxidase
activity among the three factors has been interpreted as evidence
of the occurrence of several types of MeHQ oxidation. It was
previously demonstrated by Sundman ef al. (1968) that fungal
laccase oxidizes MeHQ) by a two-equivalent transfer to the cor-
responding quinone MeQ, whereas horse-radish peroxidase
brings about another type of oxidation, possibly induced by a
one equivalent transfer. With a lignanolytic Agrobacterium
strain the latter type of MeHQ oxidation was observed. The two
different types of colour changes due to bacterial oxidation of
MeHQ, referred to above, further indicate that MeH(Q can be
oxidized in different ways by bacteria. The heavy loading of
MeHQ oxidase activity in the catecholase factor (0.588) might
indicate that the oxidation of MellQ can be brought about by
tyrosinase type enzymes.

In contrast to several communications on atypical peroxi-
dases, in various bacteria, that are not haem-bound and are not
inhibited by cyanide (for a review see Saunders et al., 1964, p.
42) the peroxidase activities of the bacterial soil isolates in-
vestigated in the present work were all inhibited by eyanide.
According to Table 6, only a minor fraction of all the oxidase
activities tested were found not to be inhibited by 1072M
potassium cyanide. The coarse method of two-state testing
employed might have given rise to uncertain results. However,
with the oxidase functions tested, no sulphhydryl dependence
could be demonstrated, since PCMB caused no visible inhibition
of the colour changes noted.
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Bjornstrom, Harriet
Blomqgvist, Gunnar
Blomqvist, Hj.
Boucht, Gunnar
Bredenberg, Johan B.son
Brehmer, Tor Erik
Brenner, Marten
Brofeldt, M.
Brommels, Krister
* Broms, Bengt

* Broms, Meri
Brunow, Gosta

* Bruun, Carl-Erik
* Bruun, Henrik

* Brinnback, Tor
Brockl, H.

Broderman, T.
Bick, R.

Book, H.

Cajander, H. W.
Carlstedt, B.
Castrén, Eva
Clopatt, Arthur
Collander, Runar
Cronstrém, Birgitta
* Danielsson, Ingvar
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FM

FD, prof.
NaK

FD, prof.

Grisav. 9, Grankulla
Griasav. 9, Grankulla
N. Hesperiag. 7 A, H:fors 26
N. Hesperiag. 7 A, H:fors 26
Odensvig. 7, Visteras, Sverige
Kivinebbsv. 30, Bredvik
G. A. Serlachius Oy, Lielahti
Henriksg. 4 A, Abo
Pargas Kalkbergs Ab, Pargas
Gravlingsv. 2 C 28, H:fors 81
Villebradsstigen 1 C 34,
Hagalund
Tammer Tehtaat, Tammerfors
Kaarninkov. 52—54 F, Abo
Haukikallio B 12, Mattby
N. Hesperiag. 5 A, H:fors 26
Havskantv. 40, Abo
Skolg. 17 B, Abo
W. Rosenlew & Co Ab, Bjérneborg
Vadstenag. 2, Nadendal
Cygnaeusg. 16, H:fors 10
Lutherg. 14 A 13, H:fors 10
Borgag. 19 B, H:fors 51
Satakunnank. 19 D, Tammerfors
c/o Apoteket Ornen, Lénnrotsg. 9,
H:fors 12
Kullatorpsv. 29—31 B 14,
H:fors 64
P.0O. Box 265, Madison
‘Wisconsin, USA
Tirholmsv. 28 B 6, H:fors 20
Aiinekoski
Enkullav. 14, Boxbacka
Rusthallarv. 11 A, H:fors 91
Sibeliusbulev. 3 A 9, Borga
Lotsg. 9 A, H:fors 16
Svartmunkegr. 2, Abo
Dunckerg. 4 C, H:fors 26
Niement. 21, Kuusankoski
Sotalaisk. 1 A 7, Abo
Sotalaisk. 1 A 7, Abo
Sommard, Finna
Vasabruk, Finska Socker, Vasa
Multavierug. 1 C 27, Abo
Brunnsdald, Pargas
Pargas Kalkbergs Ab, Villman-
strand
Bjorneborgsv. 5 B 27, H:fors 35
Bryggeri Ab Bock, Vasa
Skillnadsg. 5, Ekends
Ruusulank. 11 A, H:ki 26
Dickursby
Bernhardsg. 5 A 5, H:fors 13
Kaptensg. 8—10 D, H:fors 14
Kopmansg. 3 B 13, H:fors 16
Marieg. 20 B 27, H:fors 17
Stenhuggaregatan 4 C, Abo

* Doepel, Henning
Egnér, H.

Ehrnrooth, Elsa
Ehrnrooth, Magnus
Ehrstrom, Anders
* Ekblad, Max
Ekholm, Karl-Erik

Eklund, Dan
Eklund, Hans
Ekman, Kurt
Ekstam, Torsten
Elfving, Sirkka
Ellfolk, Nils Erik

Eneri, Tor-Magnus
Enebick, Carl
Enebick, Ulla
Erdtman, Holger

Eriksson, Brita
Eriksson, Christine

* KEriksson, Lars
Falck, Per

Finnila, Ernst-Gustaf
v. Flittner, Sara
Fogelberg, B. C.

* Fontell, Krister

Fontell, Nils
Forsander, Olof

Forsblom, Christina
Forsman, W. R.

* Forss, Bengt
Forss, Kaj
Forsskahl, Ingegerd
* Franzén, Sven
Frejman, Torsten

Fremer, Kaj Erik
Friberg, Sven
Frostell, Ralf
Fuchs, Mauritz
Fugleberg, Sigmund
Furuhjelm, Henrik
Gadd, G. O.

Gadd, Nelli

Gadd, Olof

Geitlin, Svante
* Geust, Gustav
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DI
FD, prof,

FK

FD

Kemist

DI

TkD h.c.,
bergsrad

TkD

NaK

FD

FM

FK

FD, bitr. prof.

FD, prof.
TkD, doc.
DI

¥D, prof.

FM

DI
FD
TkD
¥D
FM
DI
DI

FK

FM

DI

FM

DI

DI

FM

FM
Overing.

DI
FM

Malmnés, Pargas

Lantbrukskem. Laboratoriet
Ultuna, 750 07 Uppsala,
Sverige

S. Kajen 6 A 5, H:fors 13

Kiiala

0. Brunnsparken 9 B, H:fors 14

Betaniag. 8 B, Abo

Edelfeltsvigen 10, H:fors 15

Sportv. 8 F 4, Grankulla
Storsviangen 9a A 1, H:fors 20
Alexandersg. 10 C 34, Borga
Grankulla
Stugberget 1 ¥, H:fors 57
Helsingfors Universitet,
Biokemiska institutet
Unionsg. 35, H:fors 17
Morsviksv. 1 H 45, H:fors 20
Bjérneborgsv. 5 R, H:fors 35
Bjorneborgsv. 5 R, H:fors 35
Valhallav. 71, 114 27 Stockholm,
Sverige
Kranksv. 8 A, H:fors 40
Skarpskytteg. 12 B, H:fors 15
A. Ahlstrém Oy, Varkaus
Tammelundsv. 20, H:fors 83
Dragonv. 5 B 13, H:fors 33
Sparbankskajen 10 C 23, H:fors 53
Storsviingen 15 a B 33, H:fors 20
Ytkemiska laboratoriet,
Drottning Kristinas vag 47,
Stockholm, Sverige
Vanrikki Stoolink. 11 B 36,
H:ki 10
Oy Alkoholiliike Ab, Ostersjog. 51,
H:fors 18
Kvarnbergsg. 11, Borga
Fredsg. 13, H:fors 17
Malmniéis, Pargas
Snarv. 6 B, H:fors 63
Soltorp, Tavasthy
Osterlingg. 66 B, Abo
Oy Finlayson—Forssa Ab, Vasa
Bomull, Vasa
Kiskov. 10 B 24, H:fors 28
Vinkelg. 1, Hango
Backv. 3 C 20, Dickursby
Lillangsv. 15, H:fors 57
Kielok. 106, Bjorneborg
Dickursby
Tempelg. 2 D 37, H:fors 10
Stenbicksg. 4 A, H:fors 25
Strandvejen 87 B 111,
Képenhamn, O, Danmark
Briindé parkv. 42 A, H:fors 57
Bergg. 6, Abo

-




Ginman, Mariam
Ginman, Rolf

Glad, Fjalar
Grandell, Gunnar
Gref, Brita

Gref, Carl-Gustaf
Gripenberg, Jarl
Gripenberg, Stina

Groth, Bertil

Grundt, Inger
* (ragg, Bengt
Grisbeck, Ralph

Gronblom, Berndt
Grénvik, Anna
Gustafsson, Charley
* Gustafsson, Folke
Gustafsson, G. R.

* Halonen, Nils-Pekka
Hamberg, Ulla

* Hammar, Erik
Hansen, Sture
Hansson, Sven

* Harju, Leo

Harva, Olavi

* Hausen, H.
Heikel, Anna

* Heinrichs, Lennart

Henriksson, Anita Marg.

Hernberg, Gunnar
Hindsberg, Lars Erik
* Hofman, E.

Holm, Birgitta
Holm, Bjérn
Holmberg, Ann-Marie
* Holmberg, G.-A.
Holmberg, Helena

* Holmbom, Bjarne
Holmstrom, C. G.
Holmstrém, Maj

* Hummelstedt, Leif
Hynninen, Yrsa
Higgman, Jarl
Histbacka, Kaj
Idmany; Edvard
Ingman, Brita

* Ingman, Folke
Jaatinen, Ingmar
Jalkanen, Anneka
Janson, Gustave
Jansson, Henrik

* Jansson, Ossian

* Jensen, Waldemar
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FK
DI

FM

DI

FK

FK

TkD, bitr. prof.
FD

FD, prof.

M
DI
MD, doc.

Bergsrad
DI

FD

DI

DI

DI

¥D

DI

DI
Overing.
FM
Prof.

NaK

Radarev. 10 D, Hagalund
Méntykallio A 6, Giéddvik,
Mattby
Ab Malakta, Malax
Backv. 1, Grankulla
Apollog. 5 B 41, H:fors 10
Apollog. 5 B 41, H:fors 10
Rénnv. 12—14 A, H:fors 27
1 Rue Paul Séjourné, Paris 6°,
France
Askrikeg. 19, 115 29 Stockholm,
Sverige
Ovre Sollien 96, Bergen, Norge
Bergg. 6, Abo
Kuorrekuja 4 E, Giaddvik,
Mattby
Engelplatsen 8, H:fors 15
Cygnaeusg. 7 D 35, H:fors 10
Trollstensv. 1 F, Hagalund
Juhaninkuja 13 C, Raisio
Risviksv. 3 B, H:fors 20
Pargas Kalkbergs Ab, Pargas
Fijiilldalsg. 16 C, H:fors 10
Slottsg, 9 D, Abo
Skarpansv. 21 B 18, Mariehamn
Strandg. 13, Borgh
Osterlingg. 10, Abo
Skeppareg. 39 B 18, H:fors 15
8. Strandv. §, H:fors 25
Gyldensv. 8 A 19, H:fors 20
Kirsamikiv. 68 C, Abo
Ymmersta, Grankulla
Simmarst. 2, H:fors 33
Lielahti
Visterlangg. 20 C, Abo
Kaserng. 16 A 9 a, H:fors 13
Kaserng. 16 A 9 a, H:fors 13
Barnhemsgr. 3 C 40, H:fors 18
Slottsg. 33 A 138, Abo
Stugberget 1 F 88, H:fors 57
Pargas Kalkbergs Ab, Pargas
Apoteket, Korpo
Dragonv. 18 lok. 13, H:fors 33
Hovriittsg. 4 B, Abo
Riihipellontie 5 C 34, H:fors 39
Svinhufvudsv. 6 A 12, H:fors 57
Cygnaeusg. 9, Borgé
Rédmansg. 8 C 24, Borga
Toélog. 14 A 10, H:fors 10
Kopmansg. 21 A 26, Abo
Dalv. 1 B, Grankulla
Pukkilav. 4 B 9, H:fors 65
Hogbergsg. 2 a, H:fors 14
Aminne, Kyrkslitt
Nylandsg. 9 B, Abo
c/o Centrallaboratorium Ab,
Postbox 10136, H:fors 10

Jernstrom, Olof
Johanson, Monica
Jokinen, Kirsti
Jungebrand, Thorvald
* Jurvelius, Erik

* Juup, Gosta
Kahila, Seppo K.
Kahlson, T.

* Kajander, Lisa
Kari-Hietala, Sigrid
Karlsson, Bjorn

Karsten, J. O.
Kauko, Yrjo
Kauppinen, Veli
Keller, Camilla

Kihlman, Bengt
Kihlstrém, Torsten
* Kjellman, Ingvald
Klenberg, Dorrit
Klingstedt, Gustav

* Klockars, Mats-Erik
Knutson, B.

Koroleff, Folke

Krauel, Herman
Krieger, Hans

Krohn, Viino
Kuve, Boris
Kyrklund, Borje
Kyrklund, Gunnar

* Lagerbohm, Frik
Lagerbohm, M ax-Ake
* Laiho, Stiven

* Langh, Lars
Larinkari, Jori
Lassenius, T.

* Laurén, Carl-Gustav
* Laurén, Henning
Laurén, Ingeborg
Laurén, Rabbe
Laurent, Stig-Olav
Laxén, Rea

* Lehtonen, Eino

* Lerche, Henry
Levlin, Jan-Erik
Levon, Harry

Liljelund, Rolf
Lindberg, J. J.
Lindberg, Jarl
Lindberg, Kalevi
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¥D

EK, FM

Dr. rer. nat.,
prof.

FT

DI

M

FM

DI
FK
DI

Kotitie 16, Korso

Eriksg. 1 B 13, H:fors 10

Saunalahdent. 11, H:ki 33

Mejlans 27 B, H:fors 25

Lapinniemi, Tammerfors

Almv. 23, Abo

Repoaho 12, Kilo

Fredriksg. 77 A, H:fors 10

Klockringareg. 15, Abo

Alkuv. 5, H:fors 66

Centrallaboratorium Ab, Box
10136, H:fors 10

Valkeakoski

Lahnus

Urheiluk. 48, H:ki 25

Breisacherstr. 22, Basel,
Schweiz

Hogbergsg. 19 A 7, H:fors 13

Lénnrotsskviren 5, H:ifors 12

Tradgardsg. 3, Abo

Kalevag. 27 A 11, H:fors 10

Kymmene Ab, Huvudlaboratoriet,
Kuusankoski

Pihlava

Norrtullsgatan 29, 113 27
Stockholm, Sverige

Havsforskningsinstitutet,
Observatorieg. 2, H:fors 14

Beckasinv. 9 A 8, H:fors 20

Hallitusk. 26 B 26, Oulu

Suviranta, Hamina
Baggr. 1 D 31, H:fors 94
Tolotullsg. 7 A 20, H:fors 25
Sjoviksv. 40, 8-612 00,
Finspdng, Sverige
Puistonkulma, Littois
Forsbyv. 9 E 44, H:fors 61
Tempelg. 3 C, Abo
Humlegirdsg. 17 B, Abo
Makipellontie 7, H:ki 32
Kallviksv. 31, H:fors 96
Koépmansgatan, Pargas
Pargas Kalkbergs Ab, Pargas
Solnav. 26 C 51, H:fors 33
Klavusv. 16 C 28, H:fors 91
Rosag. 8 A, H:fors 25
Olksaneng, 1 a B 37, H:fors 10
Vattenverket, Hallis, Abo
Brunnsg. 8, Hango
Solang I 27 Kallstrand
Handelskemiska Laboratoriet,
Vasa
Freeseg. 2 B, H:fors 10
Flintstensst. 1 G, H:fors 44
G. A. Serlachius Oy, Lielahti
Linnankoskig. 10 A 9, H:fors 25




Linnankoskig. 10 A 9, H:fors 25
Sydvistpassagen 2 A, H:fors 20
Sydvistpassagen 2 A, H:fors 20
Pargas Kalkbergs Ab,
Villmanstrand
Grankulla
Allég. 14 a B 42, Abo
Petersg. 10 A 6, H:fors 14
Brokulla, Pargas
Karkkila
Oy Esso Ab, S. Kajen 12,
H:fors 13
Palokankaantie 37 D, Kouvola
St. Robertsg. 12 A 15,
H:fors 12
Paraisten Kalkki Oy,
Lappeenranta
Otakallio 2 B, Otaniemi
Broberg, Pargas
Ostra Allén 20 B 9, H:fors 14
Fack 2, Lottefors, Sverige
Enasv. 6 B 19, H:fors 20
Kommunalsjukhusv. 54, Abo
Box 1339, 541 00 Skovde,
Sverige
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Lindberg, Méarta NaK
Lindahl, Essi DI
Lindahl, Ralf TkD
* Lindblad, Lars-Gustav DI
Lindewald, Carin FM
* Lindfors, Lars-Eric TL
Lindfors, Tor FM
* Lindholm, Allan DI
Lindholm, Maj Lis Apot
Lindholm, Nils FK
Lindroos, Kristian FK
Lindros, Kai FK
* Linko, Erkki FM
Linko, Pekka FT

* Ljungqvist, Pentti DI
Liihr, Hdkan DI
Lund, Ole DI
Lundell, Ralf DI

* Lundsten, Tor DI
Lupander, Kurt Lab. chef
Luther, Fred ™M

Lydén, Ragnar FD, bitr. prof,

Loénegren, Holger FM, apot.
Loénnberg, Bruno DI
* Lovgren, Timo ™M
Majani, Corrodi FK
Malmstréom, E. E. FM, apot.
* Mandell, Leo FM
Mannstrém, Bo DI
Martelin, Jarl-Erik FM
* Masalin, Eirik DI
* Mattsson, Bjorn M
Mickos, Elisabet, DI

. Monnberg-Brehmer, Birgit FD
* Monnberg, Ragnar DI
Morelius, Harry FM
Myrbick, Karl Prof.
* Mikils, Eino DI
Miklin, Carl FD
Naupert, Christine FK
Neimo, Leo FK
* Nikander, Bo DI
Nikus, John DI, FM
Nizowsky, Boris FM
Nordman, Géran FM
Nordman, Lars DI, TkD h.c.

* Nordstrom, Carl Gustav FD, doe.
Nordstrom, Svante FK

Kauttua

Esbo, Domsby

Apoteket, Sunila

Rénnv. 31 A 12, H:fors 27

Multavierug. 2 A 24, Abo

Via Carlo de Bildt 11, Roma,
Italia

Kuopio

Ytkemiska laboratoriet Drottning
Kristinas vig 47, Stockholm,
Sverige

Forgellesv. 8 C, Grankulla

Kantelev. 16—18 I 77, H:fors 42

Hogbergsg. 10, Hangd

Skriabbole, Pargas

Kyrkov. 19 B, Grankulla

Lotsg. 9 A, H:fors 16

Kanavak. 10, Raumo

Biskopsg. 6 D, Borgé

Tegnérg. 45, 111 69 Stockholm,
Sverige

Joutseno-Pulp Oy, Joutseno

Pyynikintori 1, Tammerfors

Westend

Louhentie 16, Kervo

Pargas Kalkbergs Ab, Pargas

Dalsbruk

Gyldensv. 14 A, H:fors 20

Naldammsv. 4 A 7, H:fors 92

St. Robertsg. 16 A, H:fors 12

Olofsv. 2 A 9, Abo

Kyaosti Kallios vig 6 B 1, H:fors 57

Nupponen, Heikki

Nyberg, Harald

* Nylander, Arne
* Nylander, Rune
Nyman, Gosta,

* Nymark, Fredrik
Nystrom, Berit
Odeyemi, Femi

Oila, Ulla

Olsen, Einar

* Otterstrom, Bengt
Otterstrém, Stig

* Palm, Carl-Olof
Palmén, Synnove
Passinen, Kaapo
Peldan, Kerttu

* Pellas, Eero

* Pensar, Gdran
Penttild, Aneri

Petander, Sigurd
Petrell, Ingegerd
Pettersson, Nils

* Pettersson, Ragnar
Pipping, Gisela

Pirhonen, Ilpo
Portin, Lars-Olof

Qvickstrom, Berit

* Ramberg, Marianne
Rautalin, Edvard
Reims, Stig-Gunnar
Remmer, Eila
Remmer, Fjalar

* Renvall, Ilkka

Renvall, Age
* Ringvall, Alve
Rinne, Sune
Rosenléf, Sture

Rosenqvist, Gustav
Rosquist, Ossian
Runeberg, Jarl

Rutanen, Pirkko
Rydberg, Jarl

Roénnblad, Gretel
Saarnio, Viiné

Sahlberg, Ulla
Salomaa, Henrica
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FM
Apt.

FK
FK

Lemminkiisenk. 10 B 36,
Tampere 8

P. 0. Box 6054, H:fors

Aurag. 15 A, Abo

Klosterg. 14 C 29, Abo

Skolviégen, Domsby

Hogbergsg. 10, Hango

Biverv. 14 A 19, H:fors 80

cf/o J. I. Aina, Physics Dept.
University of Ibadan, Nigeria

Perustie 13, H:ki 33

Joutseno

Slottsg. 28 A 6, Abo

Oy Medica Ab, Box 10325,
H:fors 10

Nylandsg. 12 A a, Abo

Hogbergsg. 1 B, Hifors 14

Itéranta 11 B 16, Tapiola

Topeliusg. 34 B, H:fors 27

Oy Klingendahl, Tammerfors

Nylandsg. 8 C 47, Abo

cfo Oy Medica Ab, Box 10325,
H:fors 10

Strandst. 9 A 3, H:fors 33

Fredsg. 16 D, Abo

Keptensg. 5 C 30, H:fors 14

Slottsg. 10, Abo

Box 8037, Woodlands, Lusaka,
Zambia

Museok. 23 as. 30, H:ki 10

Oy Schildt & Hallberg Ab,
Dickursby

Stationsv. 15, Grankulla

Klosterg. 6 B, Abo

Kiskov. 17 lok. 9, H:fors 28

Honkavaara B 28, Grondal

Notgr. 4, H:fors 33

Notgr. 4, H:fors 33

Ostra Strandg. 48 —50 F 16,
Abo 5

Haveri gruva, Viljakkala

Tredsg. 1 C, Abo

N. Mossav. 3, Grankulla

Oy Schildt & Hallberg Ab,
Dickursby

Kymmene Ab, Kuusankoski

Skeppaveg. 35 A, Hifors 15

Baldersv. 1 C, Ornskoldsvik,
Sverige

Hakarinne 2 R 210, Tapiola,

Centrallaboratorium Ab,
Postbox 10136, H:fors 10

Spannmalsgr. 6, H:fors 70

Korppi Apteekki, E. Esplanaa-
dink. 2, H:ki 13

Hogbergsg. 19 A 6, H:fors 13

Esbogard, Kéklax




* Salonen, Hila
Salovius, Birgit
Salovius, Hugo
Sandberg, B. E.
Sandelin, Karin

Saris, Nils-Erik
* Saxén, Arne
v. Schalien, Randolf

Schalin, Olle
* Schauman, Lennart

Schjerfbeck, M.
* Schroder, Inga
Schiitt, Christer
Selin, Johan
Setild, Inger
Sievers, Gunnel
* Siitonen, Soini
Silén, Gosta

* Simberg, Nils-Henrik
Simons, Arnold
Simons, Lennart
Sirén, Arne
Sjoberg, Holger

* 8joblom, Lars

* Sjoholm, Risto
Sjostrom, Eero

* Skogman, Rurik
* Skrifvars, Bengt
Slotte, W.
Smedslund, Tor

* Somersalo, Arne
Spare, Carl-Gustaf
Starck, Brita
Starck, Paul

Sten, Birgitta
Stendahl, Stig

* Stenius, Per
Stenius, Ake

Stenmark, Erik
Stenlund, Bengt
Sternberg, Holger

* Stigell, Jarl
Stolpe, Erik

Stolpe, Tor
Storhannus, E. R.
Strandell, Gunnar
Strandstrém, Helena
Strom, H.
Sundberg, Gunvor
Sundblom, Nils-Olof
Sundgrén, Albert
Sundgren, Ernst
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Dr-ing., prof.
FM

Femte linjen 8 D 57, H:fors 53
Topeliusg. 29, H:fors 25
Idrottsg. 28, H:fors 25
Rénnv., 44 B 47, H:fors 27
c/o Hillstrom, N. Hesperiagatan
5 A, H:fors 26
Niashojdsv, 10 B 45, H:fors 8
Lasarettsg. 8 B, Abo
Institutet for Virmeteknik,
Abo Akademi, Abo
c/o Oy Kaukas Ab, Kaukas
Oy Hogands Ab, Bang. 21,
H:fors 12
Mannerheimv. 37 B, H:fors 25
Vardbergsg. 1, Abo
Hogbergsg. 1 B, H:fors 14
Débelnsg. 4 B 30, H:fors 26
Mannerheimv. 64 B 33, H:fors 26
Tolog. 44 E 78, H:fors 25
Vianrikki Stoolink. 10 a, H:ki 10
Sjotullstorget 6, H:fors 17
Pirttilihdev. 8, Abo
Kaptensg. 2, Mariechamn
Morskomv. 2, H:fors 60
Torgfogdev. 4 B 13, H:fors 64
c/o Holmar Ab, N. Esplanadg. 33
A, H:fors 10
Kaskisg. 1 B, Abo
Piispanristi sag, Abo
Helenagriand 1 B, Grankulla
Himmelsbergsg. 2 B, Jakobstad
Fredsg. 15 A, Abo
Salligatan 1 A 3, H:fors 25
Petersg. 4 A 4, H:fors 14
Neste Oy, Skoldvik
Parkg. 11 B, H:fors 14
Mannerheimv. 52 A 3, H:fors 26
Smedjeviksv. 17 B 32, H:fors 20
Bjorneborgsv. 5 B 38, H:fors 35
Broberga, Pargas
Tradgardsg. 28 A 19, Abo
Hoéguddsv. 29, S-181 62 Lidingd
Sverige
Hilsogarden, Angskulla
Djurbergsgrand 6 D 31 H:fors 32
Eriksg. 9 A 24, H:fors 10
Slottsg. 5 A, Abo
Lundag. 16 C, Borga
Otakallio 2 E 17, Otnés
Kuusitie 4, Syrjald, Klaukkala
Tavaststjernag. 5, H:fors 25
Skadespelarv. 22 G 82, H:fors 40
Vasaesplanaden 2 B 39, Vasa
Hoplaksv. 9 B 20, H:fors 33
Saastolahti B 24, Gaddvik
Observatorieg. 8 D, H:fors 14
Drumsév. 15 B 19, H:fors 20

Sundholm, Franciska
Sundholm, Goran

* Sundman, Frey
Sundman, Jacobus

* Sundman, Lars-Olav
Sundman, Veronica
Sundstrém, B,
Soderberg, Per-Olof
* S6derblom, Arne
Sédertund, Bo
Tallgren, Gunnar

Tamelander, R. A.
* Toijala, Kurt

* Troupp, Angelique
Trygg, Holger
Therman, Elmer
Turunen, Johannes
Tybeck, Ethel

Tylli, Henrik

Térnblom, H. N. E.
Totterman, Harald
Udd, Karin

Uggla, Rolf
Ulfsparre, Sixten

Wahlroos, Orn
Valdonen, Thure
Waller, Richard
Wallgren, Henrik
Wallin, Gota
‘Wasastjerna, Jarl

* Waselius, Peter
‘Westerholm, Kerstin
Vestman, Tor-Bjorn
* von Weymarn, Per-Olof
* Wickstrém, Géran
Widlund, Rolf
Wigren, Gunnar
Wiik, H. Birger

* Viinamaki, Erkki
Wilenius, Maj-Len
Willberg, Anita

* Willberg, Jorma

* Willberg, Lars
Williamson, Harry

* Vittasmiki, Tuure
‘Wolff-Nessler, Nelly
Wrede, Kenneth A.
* Wanninen, Erkki
Yrjas, Brita

Yrjas, Klaus
Alander, Paul
Ohblom, Helmer

* Ohman, Ann-Marie
Ornhjelm, Runar
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Adv. 5 A 5, H:fors 20

Adv. 5 A 5, H:fors 20

A. Ahlstrom Oy, Kauttua

N. Hesperiag. 5 A, H:fors 26

Klosterg. 14 A 3, Abo 6

N. Hesperiag. 5 A, H:fors 26

Eriksgatan 26 B, H:fors 10

Hurmekallio, Korso

Kaskisg. 4 B, Abo

Tjaderv. 17, Korso

21 N Pelham, Rhinelander,
Wisconsin, USA

Tslog. 29 B 26, H:fors 26

Slottsg. 49 B, Abo

Fredsg. 19—21 E 117, Abo

Koskenmiiki 15, Nokia

St. Allén 14 B, H:fors 33

Luotsink. 2 B, Rauma

Linnankoskig. 1, H:fors 25

H. U. Kemiska Institut H, S. Hes-
periag. 4, H:fors 10

Hemmansv. 2 A 5§, H:fors 30

St. Robertsg. 35—37 B, H:fors 12

Kyrkoesplanaden 7 C 18, Vasa

Fabriksg. 5 A 10, H:fors 14

Ankdammsv. 19, S-171 43 Solna
Sverige

Ukonvaaja 2 C 59, Hagalund

Oy Arabia Ab, Helsingfors

Bulevarden 30 B, H:fors 12

Grundsundsv. 17 B, H:fors 83

Esbo gard, Koklaks

Idrottsg. 36, H:fors 25

Slottsg. 45 C, Abo

Prinsv. 4 E 52, H:fors 82

Finska Forcit-Dynamit Ab, Hango

Pargas Kalkbergs Ab, Pargas

Pargas Kalkbergs Ab, Pargas

Jokivarsi, Nybacka, Korso

Ab Kaukas Fabrik, Kaukas

Bjorkv. 5, Westend

Box 53, Hangé

Klavusv. 4 H, H:fors 91

Mecheling. 45, H:fors 25

Lasarettsg. 8, Abo

Luostarink. 8 A, Turku

Bredavigen, Grankulla

Betsocker Ab, Nadendal

Joukolav, 3 D, H:fors 61

0. Brunnsparken 3 B, H:fors 14

Slottsg. 5 B, Abo

Frihetsv. 2—4 A "7, Ekenés

Frihetsv. 2—4 A 7, Ekenés

Topeliusg. 11 A 44, H:fors 25

Dalsbruk

Mitareg. 4, Abo

Guldensv. 14 A, H:fors 20




e e i - e N e e X =

— 162 —

* sterman. Karl-Erik DI Lemminkiineng. 36 B 2, Abo
Osterman, Walfrid DI Skeppareg. 19, H:fors 15

Medlemsantal 424 Jédsenméécd

Eventuella fel och bristfilligheter i forteckningen kan anmilas till sam-
fundets sekreterare under adress: Postbox 10476, Helsingfors 10 eller till kasso-
ren 1 samband med inbetalning av medlemsavgiften.

— 163 —
Innehall 1968 Sisalto

K. Mékinen: Entsyymien ominaisuuksista ................
N.-E. S aris: Om enzymers intracelluliira lokalisation ........
P. Rintola: Plasman entsyymiaktiivisuuksien dynamiikka

E. Levonen: Isoentsyymeistd ..........oovvuuiniennnnn.n.

H. Saukkonen: Entsyymien méédrityksessé huomioon otetta-
vab tekijat ... e e e e e e

L. K.Korhonen: Kudosndytteiden entsyymihistokemiallisesta
tutkimuksesta, ........... it i e e ..

Veronica Sundman, Terttu Kuusi, Sakari Ku-
hanen, Sisko Kilpi and Harriet Sederholm:
Observations on Bacterial Utilization of the Lignin from Brown-
Rotted Spruce Wood and of Brauns’ Native Lignin ..........

Veli Kauppinen: Studies on the Nutritional Control of
Cell Division of Candida guilliermondit ......................

G. Sundholm: On the Anomalous Polarographic Reduction
of Certain Anions VIII. The Polarographic Reduction of Tri-
chloroammineplatinate (IT) ............ ..o,

Dan Eklund: Drag ur hartslimningens historia ............

J. Johan Lindberg: Polymerisationsreaktioner vid im-

pregnering av tré och trifibermaterial ................ .. ...,

Christine Eriksson: Nordiska Kemistmétet i Kopen-
75 o'V s

J. Johan Lindberg: On the Association, Solubility and
Molecular Weights of Lignins ..... o e T R AR

Veronica Sundman and Katri Laihia: The Oceur-
ence of Methoxy-p-benzhydroquinone-oxidizing Ability among
Soil Bacteria and Its Correlation to Other Phenol Oxidase
Activities. A Factor Analytical Approach ....................

24

31

41

47

51

70

87

98

102

109

121

130




Helsingfors 1969, Freuckellska Tryckeri Ab

PERKIN-ELMER malli 203
fluoresenssispektrofotometri

Uusi Perkin-Elmer malli 203 on kahdella monokromaattorilla varustettu
tarkka, monipuolinen ja hinnaltaan edullinen, erityisesti myds kliinisiin
laboratorioihin suunniteltu fluoresenssispektrofotometri.

Mallilla 203 voidaan:

— Valita optimiolosuhteet herate- ja emissiovalolle

— erottaa I&hellékin olevat piikit toisistaan

—~ skannata kéasin naytteen identifioimiseksi

— tai epédpuhtauksista aiheutuvan fluoresenssin maarittamiseksi ja identi-
fioimiseksi

— saada parempi intensiteetti’konsentraatio lineaarisuus kuin filttereilla

— kayttaa spektrin aluetta 220~780 m u

— analyysit suorittaa paljon nopeammin ja tarkemmin kuin filtterifluoromet-

reilla.
Hinta: ilman tullia ja Ivwv 12.600,—. Tull. + Ivv:een 14.300,—.

Fluoresenssispektrofotometrian péaéasiallinen kéyttdala on orgaaninen kemia. Kultenkin
menetelmalld voidaan erittdin monien orgaanisten yhdisteiden liséksi analysoida mm. seu-
raavat metallit:

Al, Au, Ba, B, Be, Bi, Ca, Cd, Ce, Co, Cr, Cu, Er, Eu, Fe, Ga, Gd, Ge, Ho, Ir,
La, Li, Lu, Mg, Mo, Nd, Ni, Os, Pb, Pr, Sb, Se, Sm, Sr, Tb, Th, Tu, U, V, W,
Y, Zn, Zr.

Lisatietoja on esim: C. E. White, A. Weissler: Anal. Chem. 40 (1968) 116R
PERKIN-ELLMER Eiimaenk. 25 Helsinki 51 Puh. 71 77 88 Telex 12:1547




GER KROMATOGRAMMEN ER
FOR MYCKET ARBETE?
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Chromalog 2 (Kent Instruments) ansluten till en kromatograf inte-
grerar numeriskt kromatografikurvan helt automatiskt utan &vervak-
ning av Er.

Chromalog 2 skriver numeriskt ytan och retentionstiden for varje
topp i kromatografikurvan med en inbyggd printer. En typisk nog-
grannhet av 0,2 % d& det dynamiska omradet &r 1000:1. Dock till for-
manligt pris.

P4 kommande: en tilldaggsapparat som &ndrar den linedra signalen
till logaritmisk.

G W.BERG & CO

Tel. 11541




