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A New Non-Aromatic Cyclic Intermediate of
Bacterial Lignan Degradation

Katri Lathia and Veronica Sundman

Depariment of Microbiology, University of Helsinki — Helsingfors.

I

A hitherto unknown intermediate of bacterial lignan degradation has been
demonstrated in incubated suspensions of «-conidendrin and washed agro-
bacteria. The compound, called “‘compound 2, was isolated by Pmpaml-ivo
thin layer chromatography. The structure of “compound 2 is given, based
on its ultraviolet, infrared and mass speetra, and on the identity of the hy-
drogenation products of “compound 2" and methoxy-p-bcn'/.nhy(lmquiuf)nu. It
is proposed to be a 3-methoxy-4-hydroxy-cyclohexenono. The agrobacteria were
found to be ineapable of degrading “compound 27, nor was “compound 2”
susceptible to the action of peroxidase or fungal laccase.

Introduction

In studies on the bacterial decomposition of various cyclo-
lignans, Sundman (1962, 1965) showed that Agrobacterium strains
decompose a-conidendrin along the ,isovanillic acid path®.
During this process the originally white cultures becomes dark
brown because of the formation of humus-like polymers. The
darkening was observed in both shaken and stationary growing
cultures, and when pregrown washed bacteria were used. Such
dark polymers are known to be formed by various soil micro-
organisms through phenolic and quinoid metabolites (Flaig,
1964; Wieringa, 1964; Sundman and Haro, 1966).

In continued studies on the formation of dark-coloured poly-
mers from «-conidendrin, using heavy suspensions of pregrown
Agrobacterium 08, it was found that though a-conidendrin was
invariably decomposed through the isovanillic acid path, the
colouration of the suspension varied considerably. In those
instances where degradation of «-conidendrin was accompanied
by a rapid red colouration of the originally white suspension
of a-conidendrin and bacteria, an unknown spot which strongly
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absorbed ultraviolet light of 254 nm was seen on thin layer
chromatograms of concentrated filtrates of the suspensions.
This spot contained an intermediate, called “compound 2”.

In the following are presented some qualities and the probable
structure of this intermediate of bacterial lignan degradation.

Experimental

General procedure. Suspensions of washed Agrobacterium 08
organisms (7.5 mg dry weight/ml) and «-conidendrin (5 mg/ml)
were prepared in M/15 phosphate buffer of pH 5.9. Ten ml
portions of the suspension were incubated in 250 ml Erlenmeyer
flasks, or alternatively 20 ml portions in 500 ml flasks, on a
rotating shaker for 20 h at 28°. The deposit of bacteria and
remaining «-conidendrin was filtered off on a membrane filter
(SM 11006, Sartorius-Membranfilter, Géttingen), and the filtrate
was concentrated in a rotating evaporator or on a Petri dish
at room temperature to 1—2 ml. The dark red concentrate
was streaked on a thin layer plate and chromatographed. “Com-
pound 2” was extracted with absolute ethanol, rechromato-
graphed on washed silica gel, and submitted to more detailed
studies.

Bacteria. Agrobacterium 08 (Sundman, 1965) was grown at 28°
for 48 h in 1 1 Roux bottles on KYE agar, dislodged from the
agar, and washed and suspended in phosphate buffer as pre-
viously described (Sundman and Haro, 1966). The bacterial dry
weight of the suspension was determined by the protein deter-
mination method of Lowry et al. (1951), using gravimetrically
determined amounts of the same bacterium as standard.

Thin layer chromatography. Fluorescent silica gel HF,;, from
Merck A.G., Darmstadt, was mixed with distilled water and
used as 0.5 or 1.0 mm layers. The chromatograms were developed
at room temperature with chloroform: benzene: ethanol 120:40:
25 as mobile phase. “Compound 2” moved with R, 0.37. It
was localized on the chromatograms with ultraviolet light of
2564 nm. Several spray reagents for phenols, acids, lactones,
and carbonyl compounds were also tried, but the only one that
gave distinct colouration was 20 per cent ammonium sulphate
(Ziminski and Borowski, 1966), which is more convenient than
sulphuric acid as a general detector for organic compounds.

Spectropholometry and mass spectrometry. a) Ultraviolet ab-
sorption spectra were recorded with a Beckman DB spectro-
photometer against distilled water, using water, dilute hydro-
chloric acid, or dilute sodium hydroxide as solvent. b) Infrared
absorption spectra were recorded with a Perkin-Elmer 221
apparatus, using dry potassium bromide as solvent. c¢) Mass
spectra were obtained with a modified C.KE.C. Model 21—401
instrument, connected by means of a helium separator made
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of teflon tubing to a PYE gas chromatograph, which was supplied
with a FFAP-filled glass column, of 1.5 m length and 3 mm
diameter.

Isolation of “compound 2. Appropriate areas of thin layer
chromatography plates were scraped off and extracted with
ethanol. A number of ethanol extracts were combined and
concentrated to a small volume. For refinement of “compound
2" the concentrate was rechromatographed on a 1 mm layer
of silica gel, which had been thoroughly washed with ethanol
and dried at 110°. The mobile phase was made up from freshly
distilled components. After rechromatography “compound 2
was again extracted with ethanol. The ethanol was evaporated
in vacuum, and a colourless oily product obtained.

Compounds used. o-Conidendrin from the Crown and Zellerbach
Corporation, Camas, Wash., was purified by dissolving in acetone
and precipitating with water. The dry lignan melted at
247 —248°, Methoay-p-hydroquinone was synthesized from vanillin
as previously described (Sundman and Haro, 1966). Fungal
laccase and horse-radish peroxidase were the same preparations
as used by Sundman et al. (1968).

Hydrogenation. The hydrogenation was performed in a high-
pressure autoclave, using strontium carbonate coated with pal-
ladium as catalyst, at 220—235° in 144 atm. for 3 h. Dioxane
was used as solvent for methoxy-p-hydroquinone, and distilled
water for “compound 2”. :

Results

Where a concentrated red filtrate containing decomposition
products of a-conidendrin due to incubation with Agrobacterium
08 was submitted to the thin layer procedure described above,
the spot of “compound 27, which strongly absorbs ultraviolet
light of 254 nm, could already be seen after 3 h incubation.
The bluish spot on the light yellow fluorescing background was
strongest after about 20 h incubation of bacteria and e-coni-
dendrin. During prolonged incubation for a fortnight the amount
of “compound 2” remained almost unchanged. On the contrary,
the decomposition products of «-conidendrin previously des-
cribed by Sundman & Haro (1966), a hypothetical diketol,
isovanillic acid, protocatechuic acid, methoxy-p-quinone, and
methoxy-p-hydroquinone (cf. Fig. 4.) could no longer be detected
after incubation had continued for about two days. Some ninety
per cent of the suspended «-conidendrin disappeared during the
first four days of incubation. On grounds of ultraviolet absorp-
tion it was estimated that maximally 0.5 per cent of «-coni-
dendrin was transformed into “compound 2” during incubation
with Agrobacterium 08.
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When about 2 mg of pure “compound 2” had been collected
according to the method described in the paragraph “Isolation
of ‘compound 2’7, the different spectra were recorded. Ultra-
violet absorption spectra, infrared absorption spectrum, and
mass spectrum are shown in Figs. 1.—3.

B ——— —
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Fig. 1. Ultraviolet absorption of “compound 2" in aqueous solution and in
1—-N NaOH immediately upon alkalization (A); 45 min after alkalization,
and immediately upon acidification of alkaline solution to pH 2 (B).

1 distilled water )

2 1—N NaOH, immédiately upon alkalization of solution 1 (A)
3 1—N NaOH, 456 min after alkalization of solution 1 (B)

4 107N HCI, immediately upon acidification of solution 3 (B)
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Fig. 2. Infrared spectrum of ‘“compound 2 in KBr pellet
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Fig. 3. Mass spectrum of “compound 2,
#

The ultraviolet absorption spectrum has a strong maximum
at 250 nm, which in alkaline solution shifts slowly to 280 nm.
Upon acidification the maximum at 250 nm is restored (Fig. 1.).
Obviously, “compound 2” is capable of salt formation.

The infrared absorption spectrum (Fig. 2.) shows a strong
hydroxyl absorption maximum at 3400 cm™, and another strong
maximum around 1600 cm™ ,which has been interpreted as a
carbonyl band. The small maximum at 2900 em™ indicates a
non-aromatic structure, and the still smaller maximum at
1380 em™ may indicate the presence of a methyl group.

The mass spectrum of Fig. 3. is one of two identical spectra
obtained from the front and back of the symmetric peak of
“compound 2", which left the gas chromatography column of
the mass spectrometer assembly in an isothermal run at 200°
after 32 min. According to the mass spectrum, “compound 2”
has a molecular weight of 142. The intense peak at mfe 114
corresponds to the expulsion of carbon monoxide from the
molecular ion. The peak of similar abundance at m/e 86 might
arise from the elimination of a second CO fragment. A weak
peak at m/e 124 could be explained by the loss of water from
the molecular ion.

From the molecular weight of 142 the empirical formula
C,H,,0; was predicted for “compound 27 on the following
grounds. «-Conidendrin has the empirical formula Cy H,04, mol.
wt. 356. If ,,compound 2" is the result of biological oxidation
of a-conidendrin, it can be assumed that its C:O ratio is less
than that of «a-conidendrin. A compound with mol. wt. 142
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would contain 8 C and 2.4 O according to the C:0 ratio of «-
conidendrin. Hence 3 oxygen atoms, and consequently 7 carbon
atoms, were predicted. Subtraction gives 10 H.
Methoxy-p-quinone C,HzO4, mol. wt. 138, and methoxy-p-
hydroquinone C,H 0, mol. wt. 140, were previously demon-
strated in suspensions of «-conidendrin and Agrobacterium 08
(Sundman and Haro, 1966). “Compound 2" C,H,,05, mol. wt.
142, was supposed to originate from the same, non-cyclized
benzene ring of the eyclolignan molecule as methoxy-p-quinone

0, O~

- . gioh
HC CH ¢ + CHOH
i i
H5C CH C C~0 0
1
O - —0
H3C0™ OCH; HiCO RN W~ TOCH;
OH OH OH OH  ~
N o
a-CONIDENDRIN HYPOTHETICAL “COMPQUND 2" RN
DIKETOL By
| ; !
9 OH y W, OCHa
COOH : i OH
O P Q HYDROGENATION
S PRODUCT CqH1,0.
HyC0™ 5 " “0CH; Z " 0CH; e
OH 0 OH
ISOVANILLIC METHOXY -p - METHOXY - g5~
ACID -QUINONE -HYDROQUINONE

O COOH_A ___» DARK POLYMERS
HO

OH
PROTOCATECHUIC ACID

RING OPENING

Fig. 4. Schemo of “isovanillic acid path” of «-conidendrin decomposition,
showing proposed structure and position of “compound 27 in the metabolic
sequence, and its connection with methoxy-p-hydroguinone.

and methoxy-p-hydroquinone. The structure given in Fig. 4.
for “compound 2" is in accordance with the ultraviolet, infrared,
and mass spectrometric data. If this structure is correct, then
upon hydrogenation it should give the same reaction product
as methoxy-p-hydroquinone, cf. Fig. 4. This was in fact the
case as concluded from thin layer chromatograms obtained
with two different mobile phases. The two hydrogenation
products consisted of the same two compounds moving close
to one another, probably two stereoisomers, as shown in Table
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Table 1. R¢-values of hydrogenation products of methoxy-p-hydroquinone and
of “compound 2” in thin layer chromatograms developed with different ratios
of chloroform: benzene: ethanol as mobile phase.

Ratios of mobile phase 120:40:25 120:40:40
Ry

Hydrogenated methoxy-p-hydroquinone 0.22;0.28 0.50;0.567

» “compound 2” 0.23;0.28 0.52;0.58

1. The hydrogenation product of methoxy-p-hydroquinone was
purified by distillation from dioxane solution. It distilled over
at 165—168°/33 mm Hg. The result of elementary analysis
was: C 57.61, H 9.82, (O 32.57). Calculation for C,H,,0, gave
C 57.51, H 9.65, O 32.84.

Because the amount of “compound 2”, as stated above, re-
mained unchanged during prolonged incubation of «-conidendrin
with Agrobacterium 08, the ability of the bacteria td’ decompose
the compound was examined. It was found that in suspensions
of washed bacteria, to which known amounts of “compound 2
had been added (determlned as Ayg of aqueous solutions), no
significant decrease of “‘compound 2"’ could be established during
two days incubation.

In order to investigate whether the production of “compound
2” was influenced by its presence prior to incubation, viz.
whether a feedback effect could be noted, the following experiment
was performed. To one of two identical suspensions of bacteria
and «-conidendrin a known amount of “compound 2’ was added
prior to incubation. After 24 h incubation at 28° ‘“‘compound
2”’ was isolated from the filtrates of both suspensions by means
of thin layer chromatography, extracted from the gel with
water, and submitted to ultraviolet spectrometry. Table 2.

Table 2. Formation of “compound 2" in suspensions of «-conidendrin and
Agrobacterium 08 with and without addition of ‘“‘compound 2’ prior to incuba-
tion. Relative amounts of ““‘compound 2” given as 100 X A,,.

Suspension I II

relative amounts

“Compound 2" added prior to incubation 47 0
» recovered after incubation 103 62
“Compound 2” formed during incubation 56 62
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shows the result, which indicates that comparable amounts of
“compound 2" are formed from «-conidendrin in both suspen-
sions. Thus no evidence of a feedback effect was found.

The effect of fungal laccase and of horse-radish peroxidase
on ‘“compound 2’ was examined. Methoxy-p-hydroquinone was
used as a standard of reference. As previously found by Sundman
et al. (1968), in 60 min methoxy-p-hydroquinone was quantita-
tively transformed into methoxy-p-quinone by laccase, whereas
peroxidase caused a mixed oxidation. However, no decrease
of “compound 2’ could be demonstrated even after incubation
for 24 h with laccase or for 48 h with peroxidase.

Discussion

The failure of carbonyl reagents to cause a distinct coloura-
tion of “compound 2” was mentioned in the paragraph ‘“Thin
layer chromatography” above. Within a few hours the 2,4-
dinitrophenylhydrazine reagent (Hais and Macek, 1958) gave a
faint orange ring around the spot of ‘“compound 2. Upon
contact with ammonium vapors the orange colour spread and
filled the whole spot.

According to the infrared absorption spectrum (Fig. 2), a
normal carbonyl group, which absorbs infrared light around
1700 cm-, is not present in “‘compound 2”. The strong absorp-
tion maximum near 1600 cm™ might result from carbonyl
conjugated with a double bond, and capable of keto/enol tauto-
merism (Bellamy, 1968).

(’0\ \IO£

& &

Fig. 5. Proposed keto/enol tautomerism of “compound 2, which explains
the anomalous carbonyl reactions noted.

CHy

If “compound 2” is assumed to represent an equilibrium as
depicted in Fig. 5., with a prepondemnce for the left side in
alkaline, and the rlght side in acid environments, then both
the above-mentioned anomalous carbonyl reactions could be ex-
plained.

A structure in which two conjugated double bonds are in-
corporated in the six-membered ring, and two hydroxyl groups
are present in the para position, was also considered for ‘“‘com-
pound 2”. Such a structure, however, would be weakly acid,
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with a variety of Rf values according to the pH of the buffered
plates. But no correlation between the Rf and the pH of the
plate could be found for “compound 2”. The ultraviolet ab-
sorption maximum at 250 nm in aqueous solution also accords
better with the structure proposed in Fig. 4. than with a paradi-
hydroxycyclohexadiene structure, according to the known rules
for the calculation of the ultraviolet absorption of conjugated
homoannularic dienes and of conjugated unsaturated cyclic
ketones (Schwarz, 1964).

The mode of formation of “compound 2” is not understood
The inability of the bacteria in question to decompose this in-
termediate might indicate that it is not the result of purely enzy-
matic activity, or if it is, that it is the result of a metabolic error.

A more detailed study of the structure of ‘“‘compound 27,
focused on the position of the double bonds, is in progress.
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Tillimpning av tunnskikts- och gaskromato-
grafisk teknik for separering och analys av
vedhartsets fett- och hartssyror

(Application of thin layer and gas chromatographic¢ techniques to the separa-
tion and analysis of the fatty and resin acids in wood resin)

Géran Pensar

Institutet fér trikems, Abo Akadems, Abo, Finland

Abstract

A method for n rapid separation and determination of the fatty and resin
acids present in wood resin is deseribed, The acids are after methylation
separated from other components in the resin by thin layer separation on
microplates, and the acid fraction is then introduced to the gas chromatograph
without, provious separation of the two acid groups. Qualitative and quantita-
tive determination are demonstrated and discussed. Considering the need for &
rapid and accurate technique for control of the resin composition in the pulping
processes, the method should be of technical interest.

Inledning

For analys av de fett- och hartssyror som ingér i vedhartset,
d.v.s. i vedens eterextraherbara material, har den gaskromato-
grafiska metodiken vunmit allméan tillimpning. In av analys-
metodens grundférutsattningar ar att syrorna isoleras fran
dvriga komponenter i extraktet, sa att inte kontamination av
andra gaskromatograferbara substanser uppstar. De konven-
tionella metoder som tillimpats for isolcringcn (1—8) dr arbets-
dryga och tidskrivande. De limpar sig darfér mindre vil for
en bearbetning av storre forsoksserier, sadana som kan komma
ifraga t.ex. vid kontinuerlig kontroll av hartshaltigt material i
cellulosatekniskt sammanhang. Den konventionella metodiken
har éven i regel innefattat en separering av fettsyror fran harts-
syror genom partiell forestring, varefter de separerade fraktio-
nerna gaskromatograferats var for sig. Detta okar antalet ar-
betsoperationer och sannolikt paverkar dértill forestringsreak-
tionen hartssyrornas sammansittning (9).

I samband med en undersokning av vedhartsets sammansatt-
ning i olika arsringar i stamtvirsnittet, dir malsittningen inne-
bar analys av mikrokvantiteter extraherat material (10—12),
utarbetades en analysmetodik baserad pé tunnskikts- och gas-
kroma,togw,ﬁsk analys (13, 14). Vedhartsets syrafraktion isole-
rades fran ovriga extraktkomponenter genom en tunnskikts-
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kromatografisk separering och den gaskromatografiska analysen
av syrafraktionen utfordes utan foregiende separering av
fett- och hartssyror. I det féljande skall redogoras for de
mdojligheter till en kvalitativ och kvantitativ bedomning av
syrasammansittningen, som denna metodik erbjuder.

Experimentellt

Kemskalier. Vid det tunnskiktskromatografiska arbetet anvéndes som skikt-
material Kieselgel G nach Stahl (E. Merck A. G.) och fér preparering av EGS-
kolonner anviindes som stationdr fas etylenglykolsuccinat och som bérarsub-
stans 80/100 mesh Chromosorb W (Wilkens Instrument & Research A. G.).
Den EGSS-X kolonn som provats var packad med kommersiellt kolonnfyll-
ningsmaterial (Applied Science Laboratories, Inc.). De standardsubstanser som
anvints for kalibrering och identifiering har antecknats i tabell 1. De organiska
l6sningsmedel som utnyttjats var av analytisk renhetsgrad men har dessutom
destillerats och eluerats genom aluminiumoxidkolonn fére anvindningen.
Petroleumeterns kokpunktsintervall var 30—40°C (B.D.H.).

Metodik. Ett schema foér den tillimpade arbetsgéngen vid analys av syra-
fraktionen i vedharts ges i figur 1. Hér bér noteras att den med A’ markerade
delen av schemat foljts vid bestéimning av de fria fottsyrorna och hartssyrorna
i extrakten, medan totalsammansiittningen av extraktens fettsyror (bundna -
fria) erh&llits enligt ’B”’. Syrorna har hér gaskromatograferats i form av metyl-
estrar och prepareringen har utférts med farskdestillerad diazometan 19st i eter,
s& som tidigare beskrivits (13). Férestringen har i regel utférts innan syrorna
isolerats fran extraktet, men i enstaka fall efter separeringen. Syrafraktionens
isolering har i bada fallen skett pd mikrotunnskiktsplattor (7.6 X 2.5 cm),
vilka preparerats med en Quickfit mikro-apparatur, pa samma sétt som tidigare
beskrivits fér standardplattor (13). C. 100—200 ug extrakt pasattes plattorna i

Vedextrakt

A B

|
Fortvalning och behandling med
katjonbytare (10)

!

Behandling med diazometan

Behandling med diazometan

!
Tunnskiktskromatografisk
separering

|
Utlésning av metylerade syror Tunnskiktskromatografisk separe-
ur tunnskiktet ring

! !
Geskromatografering av Utlésning av metylerade syror
utlésta metylestrar ur tunnskiktet

| |
Fria fettsyror och hartssyror Gaskromatografering av utloste

metylestrar

|
Totala syrainnehallet = bundna
syror, fria fettsyror (och hartssyror)

Figur 1. Analysschema
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Tabell 1. Standardsubstanser vilka anviints som referens.

Beteck- | gubstanser *) Leverantor

ning

L 201 Metylkaproat (6:0), -kaprylat (8:0), Applied Science
-nonanoat (9:0), -kaprat (10:0), Laboratories Inc.,
-undekanoat (11:0) State Coll., Penn,,

U.S.A.

L 205 Metylstoarat (18:0), -oleat (9—18:1), ,,
-linoleat (9.12—18:2), -linolenat
(9.12.156—18:3)

L 206 Metylkeprylat (8:0), -kaprat (10:0), ”»

-laurat (12:0), -myristat (14:0),
-palmitat (16:0), -stearat (18:0),
-arakidat (20:0)

L 207 Metylstearat (18:0), -oleat (9—18:1), o
-arakidat (20:0), -behenat (22:0),

-erukat (13 —22:1), -lignocerat (24:0),
-nervonat (15 —24:1)

i Metylstearat (18:0) "

TLC-1 Cholesteryloleat, metyloleat, triolein, '
oljesyra

—_—— B-sitosterol * ”

—_— Metylpentadekanoeat (15:0), -palmitat (16:0) | Perkin-Elmer & Co
-heptadekanoat (17:0), -stearat (18:0) Uberlingen, BRD
-nonadekanoat (19:0)

TLC-2 Tripalmitin, dipalmitin, monopalmitin Analytical Stan-

dards AB,
Goteborg, Sverige
——— Oleylalkohol .
L Levopimarsyra Naval Stores Lab.,
Olustee, Flo.,
U.S.A.

Pa Palustrissyra 5

Neo Neoabietinsyra .

De Dehydroabietinsyra Hercules Powder Co.,

Wilmington, Del.,
U.S.A

Ip Isopimarsyra ”

P Pimarsyra T

Ab Abietinsyra »

*) Den inom parentes angivna beteckningen for fettsyran vars metylester
avses, dr uppstélld enligt férslag av Holman (15).
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ett 1.5 cm langt startstreck. Pasiittningen utfordes med en mikropipett (10 zl)
vars spets utdragits till ett fint kapilldr. Genom att plattan vid pasittningen
hélls vid c. 35°C kunde bredden av startstrecket begréinsas till ¢. 2 mm, vilket
iir av viisentlig betydelse for en god separering. I'ér identifioring av den separe-
rade syrafraktionen pasattes plattan dessutom en referensblandning. En sam-
manflytning av reforensblandning och extrakt under kromatograferingen und-
veks genom att plattans skikt uppdelades i tva spalter. S8isom 1dsningsmedel
anviindes i de fall metylerade syror skulle separeras en blandning av petroleum-
eter — dietyleter (95:6 vol/vol), men i de fall icke metylorade syror skulle sepa-
reras en blandning av petroleumeter — dietyleter — ittikssyra (85:15:1 vol/
vol). Separeringen var fullbordad inom 5—7 minuter. De separerade fraktio-
nernas visualisering for markering av deras position i skiktet, skedde med
joddnga s som tidigare har beskrivits (13). Vid utlésningen av de metylerade
gyrorna ur skiktet har den av Stahl beskrivna mikrotranstertekniken tillimpats
(16). Forfarandet askédliggors av skisserna i figur 2A. I de fall icke metylerade
syror separerats, har vid utlésningen en modifikation av Stahls teknik utnytt-
jats, dskddliggjord i figur 2B. I det forra fallet inférdes det utlosta materialet
dirokt i gaskromatografen, i det senare fallet uppsamlades materialet i provrér
(volym 0.5 ml) fér vidare preparering. Fér utlésningen anviindes i det forra
fallet 50—80 ul aceton, i det senare samma miingd av en blandning metanol
och dietyleter (1:9 vol/vol).

Syrorna gaskromatograferades pa en EGS-kolonn (5 9, etylenglykolsuccinat
p& 80/100 mesh, Chromosorb W, 10” x 1/8”, rostiritt stil) som arbetade iso-
termalt vid 175°C. Injektionskammaren, som var forsedd med glasinliigg, holls
vid 210°C och detektorugnen vid 225°C. Gaskromatografen var en Wilkens
Instruments & Research Aerograph Autoprep 705, férsedd med flamjonisations-
detektor och modifierad fér analytiskt arbete. Kromatogrammen registrerades
med en Texas Instruments Servoriter IT vid pappershastigheten 6”/h.

Figur 2. A. Mikrotransferteknik enl. Stahl (16): I — upptagning av substans-
flick fran tunnskiktsplatta till utlosningsror, 2 — tillforsel av utlésningsmedel,
3 — upptagning av utlost substans i GC-injektionsspruta.

B. Mikrotransferteknik, modifierad: I — upptagning av substansflick fran
tunnskiktsplatta till utlésningerér, 2 — utlésning av substans i provror.

C. Anrikning av substansflick pé tunnskiktsplatta: I — droppvis tillférsel av
polért 16sningsmedel till den isolerade substansfliicken, 2 — substansen anrikad

till mindre yta i skiktet.

Resultat och diskussion

Isolering av syrafraktionen. Mikrotunnskiktsforfarandet ger
en god separering av syrafraktionen, sisom i figur 3 visas. Vid
separering av icke metylerade syror erhalles i regel battre- maoj-

=]

e
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ligheter for isolering av syrafraktionen om ett “overrun” pa 1 &
2 minuter tillites, eller om upprepad kromatografering i samma
lsningsmedel utfors. Det dr av vikt for den kvantitativa utlos-
ningen av syrafraktionen ur skiktet, att substansflickens yta ej
overskrider ¢. 1 em2. Detta ernés i regel om nédig precision iakt-
tages vid provpasittningen. En anrikning av den separerade
fraktionen pa en liten yta kan dock vid behov ske efter fullbor-
dad separering pa det sitt som antyds i figur 2C. Det har konsta-
terats att om plattan pasittes c¢. 200 ug extrakt, innehallande
c. 50 9, syror, och substansflicken efter separeringen anrikas
till 1 em?, s& innehéller den forsta 10 xl volymen utlosningsmedel
som passerat genom utlosningsréret 95—97 9, av det gaskro-
matograferbara materialet. I féljande 10 pl volym aterfinns
rester av materialet, medan den tredje 10 xl volymen inte inne-

Figur 3. Illustration av mojligheterna att isolera syrafraktionen i vedextraks
genom mikrotunnskiktskromatografi.

Referensblandning (TLC-1 med tillsats av f-sitosterol) pasatt i plattornas
viinstra spalt med undantag for nr 2 diir phsidttningen utfoérts i mittspalten.
Plattorna nr 2—6 har framkallats i petroleumeter — dietyletor — iittikssyra
(85:15:1, vol/vol), varvid referensflickarna representera (ritknat uppifran)
metyloleat, triolein, oljesyra och f-sitosterol. Cholesteryloleat har vandrat med
I6sningsmedelfronten. Platta nr 7 har framkallats i petroleumeter — dietyleter
(95:5, vol/vol) och referensfliickarna representera (riknat uppifrin) cholesteryl-
oleat och metyloleat, medan dvriga referenssubstanser kvarstannat intill start-
punkten. Platta nr 1 har icke framkallats, askddliggér endast provpisiittningen.
Nr 2 — oleylalkohol (t.v.) och ff-sitosterol (t.h.) som behandlats med diazometan,
nr 3 — obehandlat tallvedextrakt, nr 4 — samma tallvedextrakt behandlat
med diazometan, nr 5 — granvedextrakt, nr 6 — samma granvedextrakt efter
fortvalning och behandling med diazometen, nr 7 — diazometanbehandlat
tallvedextrakt kromatograferats med det opoliirare l6sningsmedlet. Extraktens
syrafraktion har markerats med vit pil. ]

Visualiseringen har skett genom H,SO,-spray (50 %) och upphettning av

plattorna.
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héller gaskromatografiskt pavisbara kvantiteter (figur 4). Det
har vid det praktiska arbetet visat sig andamélsenligt att lata
20 ul utlésningsmedel passera rorvet och samlas vid dess nedre
dnda, varefter en limplig volym oGverforts till gaskromatogra-
fen. En forestring av extraktets syror fére den tunnskiktskro-
matografiska separeringen dr enkelt utférd, da i detta skede

(o
IQ

A
Wo i

0 min 30 ) 0

Figur§4. Utlosning ur tunnskiktet av metylerade syror som separerats fran
ovriga komponenter i vedhartset. ¢ — gaskromatogram av den férsta 10 ul
volym som passerat utlésningsroret, b — kromatogram av den féljande 10 ul
volym som passerat.
Gaskromatografen arbetade i bida fallen vid samma kénslighet (1 X 8).
C. 1560 ug extrakt pasattes tunnskiktsplattan, syrahalten var 42 9.

a 18:0 b 18:0
. s [
|
200 i
,e‘ {
De e |
l |
90min 60 30 0

L

Figur 5. Gaskromatogram av a — en roferensblandning innehillande L 207

och L 206, b — en roferensblandning innehillande metylstearat, -pimarat,

palustrat, -isopimarat och -dehydroabiotat.

Kolonn: 5 9% EGS pa 80/100 mesh Chromosorb W, 10’ X 1/8”,s.s. Temperatur
1756°C isotermalt, biirgas 45 ml N,/minut.

— 17 —

Tabell 2. Relativa retentionsvirden och separeringsfaktorer fér fett- och harts-
syrors metylestrar péd EGS- och EGSS-X-kolonn.

Relativ retention (t;) Separeringsfaktor («)
EGS EGS
Syra EGSS-X Syrapar EG}?S
Ny | Sliten Ny |[Sliten | °
Fettsyror
10:0 | 0.06] 0.07 18:0/16:0 | 1.87 | 1.87 | 1.98
12:0 | 0.12| 0.15 9—18:1/18:0 | 1.19| 1.11 | 1.06
14:0 | 0.25| 0.27 9.12—18:2/ | 1.52 | 1.40
18:0
15:0 | 0.34] 0.35 0.38 [9.12.15—18:3/ | 1.82| 1.73
18:0
16:0 | 0.45| 0.47 0.48 20:0/18:0 [ 1.88 | 1.89
17:0 | 0.61| 0.63 0.75 13—22:1/22:0 [ 1.14 | 1.09 | 1.09
18:0 | 0.84] 0.90 0.95 156—24:1/24:0 | 1.15| 1.06 | 1.07
9—18:1 | 1.00[ 1.00 1.00 P/22:0 | 1.29 [ 0.93 | 0.87
19:0 | 1.17| 1.23 Pa/P 1.43 | 1.51 | 1.45
9.12—18:2 | 1.28| 1.25 De/P 2,73 | 2.67 | 2.69

9.12,15—18:3 | 1.53| 1.56
20:0 | 1.58| 1.70 1.66

22:0 | 2.75| 3.33 3.43

13—22:1 | 3.14{ 3.63 3.71
24:0 | 4.97| 6.59 6.80
15—24:1 | 5.73| 6.94 7.30

EGS — kolonn: 5 % EGS pa
80/100 mesh Chromosorb W,

10" x 1/8”, a.s.

EGS8S-X — kolonn: 3 9, EGSS-X
pa 100/120 mesh Gas-Chrom P,
10" x 1/8”, s.s.

Gaskromatograferingarne utférda
vid 175°C kolonntemperatur och
en biargasstrom av 45 ml N,/minut

Hartssyror
P 3.54| 3.09 2.99
Pa 5.06| 4.53 4.33
L 5.06( 4.53 4.33
IP 5.70| 5.06 4.66
Ab | 8.34| 7.25 6.98
De 9.69( 8.00 8.00
Neo [10.40( 9.11

storre kvantiteter kan bearbetas. Vid analog behandling av till-
giingliga. standardsubstanser med diazometan har inte kunnat
iakttagas nagon derivatbildning som skulle kontaminera syra-
fraktionen. Vid kvantitativ tunnskiktskromatografisk analys av
vedextrakt har, speciellt i kirnvedsextrakt, stundom konstate-
rats férekomst av en mindre fraktion (1—2 9, av extraktet)
som har ett Ri-viirde motsvarande de metylerade syrornas. Da
fraktionens karaktir och ursprung ej kunnat faststillas, bor i
dylika fall extraktets syror isoleras innan deras forestring ut-
fores.

Gaskromatografisk analys av syrafraktionen. Etylenglykolsuc-
cinat har visats vara en utmaérkt stationar fas vid gaskromato-
grafi av metylerade fettsyror (17). Aven vid analys av hartssyra-
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metylestrar har en god separering av flertalet syror erhallits med
detta fasmaterial (18, 19). De approximativa relativa reten-
tionsviirden (t,) och separeringsfaktorer («) som ges i tabell 2,
visar att EGS-kolonnen ger forutsittningar for samtidig analys
av de fett- och hartssyror som ingar i vedhartsets syrafraktion.
Det har visats att huvuddelen av dessa fettsyror utgors av
omdttade homologer till stearinsyra (18:0) och att fettsyror med
lingre kolked &n behensyrans (22:0) icke féreligger i storre
kvantiteter (3, 6). Metylbehenat har hir t, = 2.75, medan
metylpimarat, den tidigast eluerade hartssyraestern som kan
vintas foreligga i material av nativt ursprung, har t = 3.54.
For dessa metylestrar, vilka kan anses representera slutet av
fettsyrafraktionen, respektive borjan av hartssyrafraktionen vid
den gaskromatografiska separeringen, far man siledes separe-
ringsfaktorn apjg, = 1.29, vilket innebdr att god separering
erhalles. Detta illustreras av de referensblandningar vars gas-
kromatogram aterges i figur 5. Topparma fér metyllevopimarat
och -palustrat sammanfaller dock (x;p, = 1.0), sasom redan i
tidigare sammanhang visats (18). Likasa ér separeringen mellan
metylestrarna av fettsyrorna . 19:0 och 9.12—18:2 samt
9.12. 15—18:3 och 20:0 otillfredsstdllande (otg.15_1g:9119:0 = 1.09,
%ogiofe-1215-18.3 = 1.03). En viss 6verlappning av de toppar som
representera metylpalustrat och -isopimarat intriffar ocksa,
sasom i figur 5b framgar. Detta innebir att vissa approxima-

IQ

I
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WY UL L,
T
b l
200
18.0

Figur 6. Gaskromatogram av totalinnehdllet syror i nollfiberextrakt, diir provet

tillforts @ — L 205 samt metylpimarat, -pelustrat och -dehydroabietat, samt

b — L 207. I gaskromatogrammen har de toppar markerats som innehaller

standardsubstanser. ‘ ' )

Kolonn: (nedsliten) 5 % EGS pa 80/100 mesh Chromosorb W, 10" x 1/8”, s.s.
Temperatur 172°C isotermalt, bargas 40 ml Ny/minut.
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tioner blir nédvindiga, speciellt vid den kvantitativa bedém-
ningen av syrasammansittningen. Separeringen av dessa syra-
par (med undantag fér palustris- och levopimarsyra), skulle
sannolikt avsevixrt forbittras om linedr temperatwrprogramering
kunde tillimpas vid gaskromatograferingen. Den anviinda
apparaturen saknade emellertid denna majlighet.

Den stationiira EGS-fasen ir termiskt instabil, varfor kolon-
nens separeringsformiga kontinuerligt forsimras. Horning och
medarbetare anger att separeringsfaktorn oy jgq/50 P& en
kolonn med 17 %, EGS nedgatt fran 1.18 till 1.15 efter ett par
manaders arbete vid 185°C (17). Hér har en kraftigare nedgang
konstaterats, sannolikt beroende pd att kolonner med endast
5 % EGS anvints. Detta framgar av tabell 2. Allvarliga kon-
sekvenser har den forsimrade separeringen av fettsyror fran
hartssyror som intriffar vid kolonnens nedslitning, och:som
illustreras av gaskromatogrammen i figur 6. Syrafraktionen
(fria - bundna) i ett eterextrakt av s.k. nollfiber har hir gas-
kromatograferats tillsammans med standardsubstanser pa en
nedsliten EGS-kolonn. Metylpimarat elueras hir fére metyl-
behenat (sprgg o = 0.93), d.v.s. en overlappning av fett- och
hartssyror har intraffat. En bedomning av syrasammansitt-
ningen ir dven i dylika fall mojlig, forutsatt att standardsub-
stanser for identifiering av kromatogramtopparna foreligger.
Forindringarna i EGS-kolonnens egenskaper gor emellertid att
varje angivelse av dess retentionskarakteristika maste upp-
fattas som approximativ.

Vid det praktiska arbetet har det visat sig dndamalsenligt
att berikna t-virdet for de i fraktionen ingaende fettsyrorna
relativt oljesyra (9—18:1). I andra sammanhang har berik-
ningen vanligen utférts relativt palmitinsyra (16:0), men da
retentionstiden fér metylpalmitat vid de héir tillimpade kro-
matograferingsbetingelserna ér mycket kort, kan ett obetydligt
mitfel ge upphov till avsevirda fel i de berdknade t -viirdena.
Oljesyra upptrider i betydande kvantiteter i savil granens som
tallens vedharts och ér litt att identifiera, dven nér standard-
substanser saknas. DA hartssyrornas retentionstid vid kolonnens
nedslitning minskar snabbare én fettsyrornas, underlittar det
identifieringen om hartssyratopparnas t,-virden beriknas relativt
pimarsyra. Detta forutsitter dock att pimarsyratoppen kan iden-
tifieras med standardsubstans. Av ovansagda framgar att kolon-
nens separeringsformaga bor hallas under noggrann kontroll och
att hirvid dven behdvs standardsubstanser av hartssyratyp.
Dettautgor en icke dnskviird komplikation vid rutinmassigt arbe-
te och det vore dirfor énskvirt att finna ett kolonnmaterial som
hade EGS-kolonnens separeringsformaga men bittre termisk sta-
bilitet. I detta syfte provades en EGSS-X-kolonn, men sisom de
i tabell 2 anforda t,- och a-virdena visar, motsvarar kolonnens




Tabell 3. Sammanséttningen av fett- och hartssyror i vedharts fran gransplintved (jimfor gaskromatogram i figur 7).

a) Fria syror i extraktet (11 9,) *)

Separering nr 1 Separering nr 2
Topp Sannolik
nr identitet t -vérde Topp Topp Halt t.-varde Topp Topp Halt
hoid |yt | (%) heid | yta | (%)
Fettsyror 0.27— 3.03 25.3 0.26— 3.12 24.7
1 14:0 0.27 4 28 0.2 0.26 7 46 0.2
2 0.35 3 27 0.2 0.35 5 45 0.2
3 16:0 0.46 58 696 4.9 0.47 95 1140 5.0
4 0.58 38 570 4.0 0.59 62 930 4.0
5 0.73 2 38 0.3 0.76 3 59 0.3
6 18:0 0.85 10 220 1.5 0.86 16 352 1.5
7 9—18:1 1.00 113 2912 20.4 1.00 183 4667 20.3
8 9.12—18:2 1.31 140 4760 33.3 1.31 228 7638 33.2
9 5.9.12—-18:3 1.50 77 3003 21.0 1.53 126 4914 21.3
10 9.12.15—18:3/20:0 1.81 6 282 2.0 1.88 10 480 2.1
11 2.68 8 560 3.9 2.78 13 923 4.0
12 3.03 14 1106 7.7 3.12 23 1829 7.9
Hartssyror 3.63—11.56 74.7 3.65—11.72 75.3
13 3.63 1.00 120 1840 3.7 3.65 1.00 33 3069 3.7
14 4.03 1.14 41 4305 8.6 416 1.14 67 7102 8.5
15 Pa/L 5.07 1.43 10 1320 2.6 5.14 141 16 2096 2.5
16 IP 549 1.55 39 55717 11.2 5.61 1.54 64 9152 10.9
17 Ab 8.33 2.36 13 2821 5.6 8.55 2.34 21 4578 5.5
18 De 9.72 2.75 130 32890 65.8 9.88 2.71 220 55440 66.0
19 Neo 11.56  3.27 4 1204 2.4 11.72 3.21 7 2093 2.6
b) Totalinnehll syror i extraktet (30 9%,)*)
Fettsyror 0.26 — 2.64 74.3 0.25— 2.65 74.6
1 14:0 0.26 5 35 0.1 0.25 10 70 0.1
2 0.31 11 94 0.2 0.32 21 189 0.2
3 16:0 0.46 67 838 2.0 0.45 126 1512 1.9
4 0.56 72 1116 2.6 0.55 130 1950 2.5
5 0.73 3 60 0.1 0.72 4 80 0.1
6 18:0 0.84 7 161 0.4 0.84 13 299 0.4
7 9—18:1 1.00 196 5390 12.7 1.00 363 9983 12.6
8 9.12—-18:2 1.29 500 17750 41.7 1.30 925 33300 42.0
9 5.9.12—18:3 1.51 324 13446 1.6 1.53 600 25200 31.8
10 9.12.15—18:3/20:0 1.78 16 784 1.8 1.78 25 1225 1.5
11 2.07 4 200 0.5 2.07 6 342 0.4
12 2.29 2 126 0.3 2.30 4 252 0.3
13 2.64 34 2429 5.7 2.65 64 4672 5.8
Hartssyror 3.42— 945 25.7 3.42— 9.42 25.4
14 P 3.42 1.00 657 658 3.8 3.42 1.00 13 1222 3.8
15 293 115 17 1836 10.5 3.96 1.16 34 3706 11.6
16 Pa/L 4.87 1.42 14 1876 10.7 4.83 1.42 20 2660 8.3
17 IP 5.38 1.57 13 1924 11.0 542 1.59 24 3576 11.2
18 Ab 8.18 2.39 1 225 1.3 8.00 2.34 4 880 2.7
19 De 945 2.76 42 10962 62.7 9.42 2.76 71 19943 62.2
* Tunnskiktskromatografiskt bestdamd. X
Tabell 4. Jamférelse mellan respons-korrektion enligt hir tillimpad metodik och tidigare beskriven (23).
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18:0 29.2 408 1.0 408 28.3 —0.9 5710 1.0 5710 28.3 —0.9
Pimarsyra 29.8 316 1.32 417 28.9 —0.9 7030 0.84 5905 29.3 —0.5
Abietinsyra 41.0 420 1.47 428 42.8 +1.8 10160 0.84 8534 42.4 +1.4
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Pigur 7. Gaskromatogram av a — de fria syrorna samt b — totalinnehillet
syror i granvedextrakt. Den streckade linjen markerar griinsen mellan fett- och
hartssyror. Fér den kvalitativa och kvantitativa bestiimningen, jimfor tabell 3.
Betingelserna vid gaskromatograferingen desamma som i figur 5 angivits.

separering’ nirmast en nedsliten EGS-kolonns. Det bor dock
noteras att EGSS-X-kolonnen hade 3 9, stationir fas och att
en okning av halten sannolikt skulle forbittra separeringen.

Gaskromatogram av de fria syrorna samt av totalinnehallet
syror i ett extrakt fran gransplintved aterges i figur 7. Identi-
fieringen av de toppar som ingdr i kromatogrammet har skett
dels genom att jimfora deras t-virden med parallellkromato-
graferade standardsubstansers, dels genom att i analyslos-
ningarna inféra standardsubstanser och iakttaga de forindringar
som d& kan noteras i kromatogrammen. Topparnas t-vriden,
samt deras sannolika identitet anfors i tabell 3. Topp nx 9, som
regelbundet upptrider i syrafraktionen fran béade tallens och
granens vedharts, kan med hinsyn till dess t.-viirde och de
uppgifter som givits i andra arbeten (3, 6) sannolikt anses re-
presentera den av Aho, Harva och Nikkild i tallextrakt pavisade
fettsyran 5.9.12—18:3 (20). Den procentuella sammansittningen
av syrafraktionerna har angetts i tabell 3. For vardera fraktionen
har  tva tunnskiktssepareringar utforts. Overensstémmelsen
mellan de dirvid erhallna gaskromatografiska resultaten ar god.
Vid berdkningen har alla toppar vars retentionstid ér lingre én
.metylpimaratets blivit klassifierade sdsom hartssyratoppar,
ehuru alla icke kunnat identifieras med tillbudsstdende stan-
dardsubstanser.
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Vid den kvantitativa bestdmningen har en inre normalisation
tillimpats (21). Halten ¢, av en enskild komponent i analys-
blandningen erhalles hirvid ur uttrycket

o B,
= a; Ay +ag A, +a; Ay ...+ a, A .
diar A,, A,, A,,..., A,,... representerar ytorna av kromatogram-
mets toppar och a,, a,, a,,..., a... kalibreringsfaktorer som
beskriver forhallandet mellan substansmangd och toppyta
(respons’’). Antalet toppar i de hir aktuella gaskromatogram-
men och de stora variationerna i topparnas bredd gor att man
vid beriakningen av topparnas ytor varken kan anvinda plani-
metrering eller de vanliga approximativa bestémningarna dér
toppens hojd eller produkten av dess hdjd och bredd ger ett
narmevirde for ytan. I stillet har en av bl.a. Kaiser refererad
approximativ metod anviints, dir produkten av toppens hdjd
och dess retentionstid ger ett ndrmevirde for toppytan (22).
De enskilda topparna har icke korrigerats for responsolikheter,
ddremot har hartssyragruppen korrigerats i forhallande till
fettsyragruppen, eftersom hir storre avvikelse foreligger (23,
24). En tillfredsstillande korrektion har i detta samman-
hang erhallits med en kalibreringsfaktor a,, ... = 0.84 och
Aeyeyra = 1.0, vilket framgar av i tabell 4 anférda vérden.
Kalibreringsfaktorns storlek ar dock beroende av kolonnens ned-
slitning och bér darfor bestdmmas med regelbundna mellanrum.

100 %

Slutord

Den beskrivna metodiken for separering och analys av ved-
hartsets fett- och hartssyror har gjort det mojligt att under-
soka syrafraktionen i extrakt fran vedprover av storleksordnin-
gen 30—150 mg. Vissa approximationer har varit nédvindiga,
men som framgatt hinfors de framst till den kvantitativa be-
démningen av gaskromatogrammen och paverkar inte resulta-
tens reproducerbarhet. Denna har befunnits vara god, varfor
metoden ger en god karakterisering av vedhartsets syrasamman-
sittning. Den kvalitativa och kvantitativa bedomningen kom-
pliceras av att komponenternas retentionskarakteristika for-
andras nir kromatografkolonnen nedslites. Detta bemaéstras dock
litt om kolonnegenskaperna regelbundet kontrolleras med hjélp
av representativa referensblandningar.

Det snabba och enkla séiitt varmed syrafraktionen kan isoleras
frén extraktets dvriga komponenter gor att metodiken erbjuder
betydande férdelar dven vid undersékning av “normala’ extrakt-
kvantiteter (25), framforallt ger den méjlighet att inom en
rimlig tidsrymd bearbeta stora forsoksserier. Beaktande cellulosa-
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industrins behov av snabba och tillférlitliga analysmetoder for
kontinuerlig bestimning av vedhartsets sammansittning kan
metoden anses vara av tekniskt intresse.

Neste Oy:n Sddtié tutkimus ja korkeakouluopetustyén tukemiseksi samt
Statens teknologiske kommigsion har under arbetets géing gett mig stipendie-
stdd. Jag onskar uttala mitt tack for denna vilkomna ekonomiskae hjilp.

Jag Onskar #ven tacka min hustru, Margaretha Pensar, for teknisk hjilp
vid det experimentella arbetet och professor Henrik Bruun for det intresse han
visat mitt arbete.
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The Effect of Citric and Pyruvic Acids on the
Formation of Aspartic Acid in Candida

guilliermondii

Veli Kauppinen and Pirkko Seppd

Department of Biochemistry University of Helsinki Finland

In a previous study' it was shown that the growth of the
smooth and rough variants of Candida guilliermondii with citric
acid as the carbon source resulted in an inhibition of cell divi-
sion, which was partially reversed by pyruvic acid. It was
suggested that citric acid inhibits the formation of aspartic
acid necessary for the biosynthesis of cell wall proteins in
dividing yeast cells?, whereas pyruvic acid promotes the synthesis
of aspartic acid.

In the present study the concentrations of some of the in-
termediates and the activity of some enzymes on the pathway
of aspartate formation were determined in both the smooth
(S) and rough (R) variant cells of C. guilliermondii grown with
citrie or pyruviec acid as the carbon source.

The yeast cells were cultivated in liquid synthetic medium?
with aeration at 30°C, suspended in 0.4 M Tris-HCI-2.5 per
cent NaCl buffer (pH 7.6) and broken in a modified Hughes-
press (X-press, Biox Ab, Nacka, Sweden). The cell-free extract
was separated from the particulate fraction by centrifugation
at 35 000 x g for 40 min at +-4°C. Before breaking the cells,
aliquots were taken for dry weight determination of the yeast
cell suspensions. ‘ :

We determined in the cell free extracts the activities of
glutamic-oxalacetic acid transaminase®, malic acid dehydro-
genase! and pyruvic acid carboxylase®. Furthermore, the con-
centrations of the following intermediates were determined in
the cell-free extracts: oxalacetic acid®, L-malic acid’, and L-
aspartic acid®. Aspartase activity was determined in the par-
ticulate fractions®. : : :

The results are shown in Table 1. The enzyme activities are
expressed as units per one gram of dry yeast eells. The units
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Table 1. The effect of citric and pyruvic acids on the formation of aspartic
acid in the smooth and rough variants of Candida guilliermondii.

C. guilliermondii variant

Intermediate Smooth Rough
concentration
(#M/g dry yest) Carbon source Carbon source
Citric acid | Pyruvic acid | Citric acid | Pyruvic acid

Oxalacetic acid 0 0 0 0
L-malic acid 0.34 1.48 0.35 0.79
L-aspartic acid 0 7.00 0 3.66
Enzyme activity
(units/g dry yeast)

Glutamic-oxalace-
tic acid transa-

minase 3.75 4.13 4.43 4.02
Malic dehydro-

genase 16.2 74.7 29.4 27.4
Aspartase 0 0 4+ 7 0.24
Pyruvic acid

carboxylase 0 0 0 0

of different enzymes are calculated as described in the above
references to the method of determination. The concentrations
of metabolites are given as umoles per one gram of dry yeast
cells.

Oxalacetic acid was not detected in the yeast cells, probably
because of its rapid decomposition. L-malic acid concentration
was decreased and the formation of free aspartic acid completely
inhibited in the cells of both variants grown on citric acid.
Oxalacetic acid transaminase activity was not affected by the
change of the carbon source, whereas citric acid decreased
malic acid dehydrogenase activity in the S-variant cells but not
in the R-variant cells. On the other hand, aspartase in the
cells of the R-variant was inhibited by citrate. No aspartase
activity was found in the cells of the S-variant irrespective
of the carbon source.

We have interpreted the present results as follows. In the
smooth cells of C. guilliermondii, aspartic acid is formed via
TCA-cycle through oxalacetic acid, which is converted to aspar-
tic acid by transamination. Thus, the inhibition of the aspartate
formation is caused by the decrease of the malic acid dehydro-
genase activity and of the concentration of L-malic acid. In
the rough cells of C. guilliermondii, aspartic acid is synthesized
preferably from fumarate by the action of aspartase, which
is specifically inhibited by citric acid!®. Because of the different
pathways of aspartic acid synthesis, a lower L-malic acid con-

— 97 —

centration and a lower malic acid dehydrogenase activity were
found in the R-variant cells than in the S-variant cells grown
on pyruvic acid,

The difference in the pathways of aspartic acid synthesis
could also explain, why malic acid dehydrogenase was not
inhibited and why concentration of free L-malic acid was not
as much decreased by citric acid in the R-variant cells than
in the S-variant cells. ‘

Neverthless, the growth with citric acid as a carbon source
results in an inhibition of aspartic acid formation in both
variants of C. guilliermondis.
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Fenoler och fenoletrar ur svartlut

W. R. Forsman

(Forberedande meddelande)

Utvinning av virdefulla &mnen ur cellulosaindustrins avlutar
ir sikerligen ett viktigt problem i Finland. Upphettning med
alkalier ir en vig som visat sig framkomlig. Utférandet kan
variera inom vida grinser, likasd de framstillda produkterna
och deras mingd. Vid en teknisk tillimpning ges det hirigenom
mojlighet att anpassa produktionen efter marknadslige och
efterfragan. En schematisk bild av de mojligheter man har
ingar i (1) i litteraturforteckningen.

Da svartluten fran sulfateellulosafabrikationen ér alkalisk,
kan en alkalismiltning utféras dven utan tillsats av alkali.
Likas& kunna andra ligninhaltiga material s.s. sulfitavlut, lignin
fran triaforsockring och dven tri smiiltas med svartlutens alkali.
I alla dessa fall kan extra alkali tillsittas i olika former- t.ex.
Na- eller K-hydroxid, natriumsulfid och é&ven svavel varvid
olika slutprodukter bildas.

Nedan ges exempel pa utvinning av fenoler och fenoletrar.
Utbytet varierar, beroende pa forsoksbetingelserna. De fram-
stillda @mnena, kunna framstillas rena eller anvindas som
blandningar for olika &ndamal.

Apparaturen var densamma som vid foregaende forsok (2) — ett jirrori ett
aluminiumblock som upphettades till hég temperatur, varefter luten droppades
i roret. Kviive leddes in men eniir utspitdd lut anviindes var atmosfiiren dver
smiiltan till storsta delen éverhettad finga. Temperaturen miittes i aluminium-
blocket.

Efter det luten droppats till réret upphettades det en stund (0—20 min.)
varunder vatten tillsattes droppvis. Roéret avkyldes och reaktionsprodukten
forsattes med svavelsyrlighet till pH 5—6 jimte det vatten som gatt Sver
vid upphettningen. Reaktionsprodukten extraherades med butanon vid pH
5—6 och fnyo efter det produkten — lésning och fillning — surgjorts.

Losningsmedlet avdunstades och dterstoden destillerades i vakuum enligt
Billek-Kindl (3). Destillatet undersoktes pappers- och gaskromatografiskt.®

* Gaskromatografiska analyser utférde av filkand. Kerstin Westerholm.
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Lutens organiska substans besté#mdes genom att industa luten och féraska
aterstoden. Organisk substans = glodgningsférlust X 1.35. Nedan anférda
%-tal @ro %, av lutens organiska substans.

1) I 3 ml svartlut frén bjérkeellulosasulfatkok inneh. 0.44 g orgenisk sub-
stans, lostes Ca-lignosulfonat, inneh. 0.21 g organisk substans. (Koncentrerad
sulfitavlut ev gran hade forsatts med alkohol som avligsnade en stor del
av sockerarterna).

_Upphettades 15 min. till 351—358°. Utbyte av vakuumdestillat 18.8 9, som
vid kromatografisk analys visade sig innehalla dimetoxifenol, guajakol, katekol
E);)h homologer, pyrogallol jimte flere tidigare konstaterade fenoler och syror

2) 25 ml bjérksulfatlut inneh. 4.0 g organisk substans droppades i réret
under 5 min. vid 370°. Upphettades 20 min. till 370— 360°.

Utbyte av vakuumdestillat 12.7 9%, av dimetoxifenol 3.0 %. Dessutom
andra fenoler och syror.
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Chromalog 2 (Kent Instruments) ansluten till en kromatograf inte-
grerar numeriskt kromatografikurvan helt automatiskt utan 6vervak-
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 % da det dynamiska omradet ar 1000:1. Dock till f6r-
manligt pris.

P& kommande: en tilldggsapparat som andrar den linedra signalen
till logaritmisk.
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