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SUMMARY

Production of the end products of polygalacturonic acid degradation on a
Iarge scale was done by reacting free galacturonic acid with Bacillus pumilus poly-
galacturonic acid transeliminase (PATE, EC 4.2.2.2} to obtain a mixture of the
barium salts of several oligouronides. Small amounts of the unsaturated oligo-
uronides were separated by paper chromatography. Large quantities of unsaturated
cligouronides were separated on a AG-1-X8 (formate) column by applying a sample
of mixed oligouronides and stepwise elution was carried out with sodium formate
buffer (pH 4.7). The unsaturated oligouronides were identified on the basis of chro-
matographic mobilities, Sephadex gel filtration data, COOH/CHO ratio, thio-
barbituric acid-reacting material, bromine uptake, and chemical and enzymatic deg-
radation data as unsaturated tri-, tetra-, and hexagalacturonic acids.

The chemical degradation of these unsaturated oligouronides, done with 6 N
HC! by heating at 100° for 30 min, gave qualitatively identical products of hydrolysis.
These products compared with authentic standards, were identified as galacturonic
acid, formic acid, S-formyl-2-furancarboxylic acid, and 2-furancarboxylic acid.
Analysis of the enzymatic breakdown preducts of the higher unsaturated uronides
showed that a minimum of four galacturonic acid units was required for the action of
purified endo-PATE from B. pumilus. The unsaturated trimer was not attacked, thus
accounting for its accumulation as the major end product of polygalacturonate deg-
radation by this enzyme. ’

INTRODUCTION

Since the discovery of pectin transeliminase (PTE) by Albersheim er al.t in
1960 there has been a considerable advance in our knowledge of transeliminative
pectin- and polygalacturonic acid-splitting enzymes. It has been shown that some,
but not all, molds produce PTE which is specific for pectin and oligogalacturonide

* Present address: Pennwalt Corp., Decco Division Research Laboratory, Monrovia, Calif.
%1016, U.S.A.
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methy! esters®®, whereas the presently known bacterial tramseliminases are most
specific for polygalacturonic acid and are quite widely distributed among various
generas™*s, In contrast, so far as is known, yeasts do not produce such enzymes!S-??
and their production by protozoa'®-*? is, perhaps, conjectural.

As a result of these studies an endo-pectin transeliminase from fungi is known
to degrade pectin to unsaturated di-, tri-, tetra-, and pentagalacturonic acids*?°,
whereas the bacterial endo- and exo-polygalacturonic franseliminases preferentially
attack pectic acid with the production of large quantities of unsaturated di- or tri-
galacturonic acids, depending upon the species®11-13-1%-2¢E,

In clucidating the formation of these primary end products a major problem
has been preparation of sufficient attackable subsirate of low degree of polvmerization
{D.P)) to evaluate properly end product production. Various saturated oligouronides
produced by hydrolytiz cleavage of the polymer by yeast polygalacturonase and un-
saturated compounds produced by bacterial pectic acid Ivases have been separated
by zthanol precipitation of their strontium or barium salts?®-> and by ion-exchange
column chromatography using Dowex-3 resin in the formate form®*, or Dowex-1
celumn chromatography’-25-26. A highly satisfactory methed for obtaining more than
milligram gquantities of end products was sought. The purpose of this paper is to report
investigations on the end products produced from polyealacturonic acid by the
partislly purified polyeaiacturonic acid transeliminase (PATE) of B. pumilus and to
firmly establish that unsaturated trigalacturonic acid is the main end product of this
degradation.

MATERIALS AND METHODS

The materials a~d methods employed for the production, assay and purifica-
tion of the enzyme, as well as the general procedures for paper and column chromsa-
tography, have been described earlier by Davé and Vaughn®’. Several additional
materials, along with some analytical methods employed in this study are described
in the pertinent sections which fellow.

RESULTS AND BISCUSSION

Examination of end products formed by crude and purified PATE

The end products produced by partially purified PATE of B. pumilus at
various times (5 min to 24 h) had been suspected to he a mixture of unsaturated
oligouronides?”. A comparison was made between the end preducts elaborated by
crude PATE and those evolved by the enzyme preparations at various stages of
purification. A reaction mixture containing 0.5%, polyvgalacturonic acid, 5-107° &¢
Call,, and 0.933 &f Tris—HCI buffer at pH 8.5 was incubated with 5% (v/v) crude
enzyme, phosphate gel eluate, or single and double DEAE-cellulose-treated enzyme
preparations. AH enzyme solutions were diluted suitably to have 1080 units of
PATE activity®’. The results diagrammed to scale in Fig. 1 indicate that the end prod-
ucts produced by the crude enzyme and the various partially purified enzyme prepara-
tions were similar. Furthermore, it showed that unsaturated digalacturonic acid was
a minor component, and galacturonic acid was not shserved among the end products.
Four spots with Ry values lower than that of the unsaturated dimer were detected in
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Fig. I. Reaction mixtures containing polygalacturonic acid and various enzyme preparations at
different stages of purification, incubzted for 24 h at room temperature. The reaction praducts were
treated with Dowex-350 (H~) resin to remove Ca*~ and chromatographed in pyridine—ethyl acetate—
water—acetic acid (5:5:5:5) solvent system on Whatman paper No. 4 at room temperature for 13 h.
Silver nitrate reagent was used for detection. A = galacturonic acid (control}; B = reaction mixture
(Rx) — crude enzyme; C = Rx + phosphate gel eluate; D = Rx + DEAE first passage; E = Rx +
DEAE second passage; F = Rx + Sephadex G-100 pezak II*"; G = unsaturated digalacturonic acid
(control). Diagram drawn to scale; numbers indicate intensity of spots.

the chromatogram. There may have bzen some minor components having R, valies
very similar to those already observed, which would remain undetected in small-sized
sample analysis. In the hope that these same minor components might be detected
more readily if a Iarger quantity of end products could be analyzed, a large-scale
production of the end products was attempted.

Dialyzed cell-free culture fuid of B. pwmilus (1.5 | with a PATE activity of
1500 A,3; . units/mi} was added to 8.5 1 of 1.5% polygalacturonic acid, containing
0.033 M Calll,. Crude enzyme was used in this experiment, since the end products
produced by the crude and partially purified enzymes were found to be similar. After
24-h incubarion at room temperature, the pH of the solution was adjusted to 5.0 with
glacial acetic acid. Solid barfum chioride (244 g/10 I} was added, and the mixture
was stirred untif the barium chloride dissolved. Stirring was continued while 859
ethanol was slowly added until the ethanol concentration had reached 509/ (v/v).
Preliminary experiments had shown that these concentrations of barium chloride and
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Fig. 2. Chromatogram showing eluted bands I-¥ obizined by preliminary PC separation of the end
products of polygalzcturonic acid degradation by B. pumifus PATE. A mixture of unsaturated oli-
gourcnidas (800 mg) in 0.8 ml of distilled water spotted on eight Whatman 3MM papers (18 x 22
in.) ceveloped in deccending solvent system pvridine—ethyl acetate-water—acetic acid €5:5:5:5) at
room femperature for 24 k. Vertical end-strips cut from each dried paper chromatogram and checked
by stiver pitrate reagent for location of cligouronides. Respactive zones from the remaining papers
were cut horizontally and eluted in distilied water. The eluates were concentrated by Iyophilization
and checked for purity. Spots I-V were five components separated as above. Confrol spots were: A.
galacturonic acid; B, unsaturated digalacturonic acid; C, the mixture of some of the higher unsaturat-
ed uronides produced by B. pumilis PATE. \

ethancl were enough to precipitate almost all of the oligouronides present in the re-
action mixture, A& fiuffy white precipitate was removed by fiitration, and washed
severat times with 509/ ethanol, once with 859 ethanol, and finally with diethyl ether.
The fitrate had only trace amounts of unsaturated digalacturonic acid. The precipitate
was thoroughly dried in a vacuum desiccator. By this method 137 g of a mixture of
oligouronides were obtained as barium szlts and were converted to the free acids by
treatment with Dowex-50 (H¥} resin. The aqueous sclution thus obtained was
fyophilized for use in subsequent experiments.

Preliminary separation of varieus components
Preparative paper chromatography (PC) was done tc sepa.r"te the various
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components of the end products of polygalacturonic acid degradation. Fig. 2 is a
chromatogram of the eluates from band I through band V obtained by preparative
PC. The eluted bands show identical absorption spectra in the ultraviolet (UV) region
with maximum absorptions around 230-235 nm. The possible presence of higher
unsaturated oligouronides was indicated by their Ry values which were relatively
Iower than those of galacturonic acid and unsaturated digalacturonic acid.

Separation of oligourcnides by anion-exchange column chromatography

The anion-exchange resin AG-1-X8 (Bio-Rad Labs., Richmond, Calif.,
U.S.A.) available in the formate form, was washed several times with distilled water,
followed by 0.5 Af sodium formate buffer (pH 4.7). Finally it was suspended in a
formate buffer (pH 4.7) of a suitable strength and poured into a 4 X 200 cm long col-
umn, and washed for 20-24 h with the same buffer. A 5-g sample of a2 mixture of oligo-
uronides was applied, and stepwise elution carried out with 41 each of 8.57, 0.60, 0.70,
and 6.80 ¥ sodium formate buffer (pH 4.7). The flow-rate was 60-80 mi/h. The frac-
tion size was 20 mi per tube. Every fifth tube was used for PC and absorbance measure-
ments at 232 nm. After PC the fraction tubes with similar material were pooled as
shown in Fig. 3. The four components with the Ry aciuranic acid (Rgat} a5 6.59, 0.36,
0.23, and 0.14 correspond to the four peaks observed for absorbance at 232 nm. The
individual components were recovered from the buffer solutions as ethanol precipitable
barium salts, converted to free acids by treatment with Dowex 50 (H™}, and then
tyophilized. Under the above conditions yields as high as 809/ were obtained, and the
four components were checked for their final purity by PC.

An anion-exchange resin in the acetate form had been used by Hasegawa and
Nagel” to separate the saturated oligouronides obtained on a large scale by the action
of yeast endo-polygalacturonase (YPG) on pectic acid. Use of the AG-1-X8 (formate)
column for separation of unsaturated uronides was highly successfal in this study.
Preliminary experiments indicated that a Dowex-! (formate} or a similar column
might be useful in separation of a mixture of saturated and unsaturated oligouronides®.
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Fig. 3. Column chromatography of oligouronides on AG-I1-X8 (formate) anion-exchange resin.
A 4 X 200 cm long column of AG-1-X8 (formate) was equilibrated with 0.57 Af sodium formate
buffer {pH 4.7}. Each component was recovered from the pooled material as the barium salt and con-
verted to free acid by Dowex-5C (H ™) resin. UD = uasaturated dimer: I-IV represent various higher
oligouronides.
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Shorily thereafter Nagel and Wilson®® described the separation of such mixtures by
fon-enchange (PDowex-1-X8} column chromatography, thus substantiating our specu-
lations. However, the separation is dependent not only on the amount and type of
the material applied to the column, but also on the relative concentrations of the
compounds present in the mixture as well as the concentrations of buffer used for
their elution.

Characterization of the various unsaturated oligouronides

Gel filtration on Sephadex G-I3 and G-25. Whitaker®™® used Sephadex gel to
show the lincar relationship between the logarithm of molecular weight of a protein
and the ratic of its elution volume {V} to the void volume (V) of the Sephadex column
used. If the converse is true, ie., if we assume the molecular waights of 5 series of
compounds, and after determining the eluting volumes plot the molecular weights
versis V| ¥y, the linear relationship should be shown. This converse method is useful
in determining melecular weights of 2 homelogous series of compounds, such as the
homologous ssries of unsaturated oligouronides produced by PATE of B. pumilus.
The retaining volumes or eluting volumes (V) were calculated on the basis of peaks
chserved at 232 nm. Unsaturated digalacturonic acid and galacturonic acid were
used as reference compounds wherever possible. The fractions were checked for
purity by PC for their R, values. In Fig. 4 data obtained by gel filtration of ofigo-
uvronides on Sephadex columns are presented. A linear relationship of the ratic V/F;
versts the ®log of the assumed molecular weights of the uronides was observed in all
three cases shown. Also, a similar type of linear relationship between the PC
mobilities and the degree of polymerization was obssrved. When individual compo-
nents were applied to the column (as in Fig. 4, C), the eluates collected in the peak
zone {of absorbance measurements) were pooled together and lyophilized for further
analysis.
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Fig. 4. Gel fiitration of oligouronides on Sephadex G-i5 and G-25. A sample containing a (0-mg
mixture of oligouronides or 2 mg of a2 single oligourornide in 6.2 mi distilled water applied to Sephadex
coiumn G-15 (2 X 208 cm) or G-25 (3.5 x 60 cm). Elution in all cases was with distilled water, The
fiow-rate was 1-2 ml/b and the fracticn size was 1-2 mi per tube, depending on the column used.
Az 1 WS measured with a Beckman DR spectrophotometer and fractions were checked by PC for
heonmageneity of the component. Unsaturated digalacturonic acid and galacturonic acid were used as
contrels. Void volume (¥;} was determined using blue dextrarn solution; ¥V = elution volume. A,
mixtize of cligourcnaides on Sephadax G-15, average of two experiments; B, mixture of oligouronides
on Ssphadex G-25, average of two expesimenss; C, individual components from AG-1-X8 (formatej
columnn on Sephadex G-35.
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Characterization of oligouronides by chemical and analytical methods. After
separating the unsaturated oligouronides as described above, their characterization
and identification were undertaken by examining various properties of the com-
pounds. Methods used for this purpose included the ratic of carboxyl to aldehyde
groups (COOH/CHQ ratio}, reaction with thicbarbituric acid (TBA)}, bromine up-
take, UV absorption and by assayving for galacturonic acid after hydroly<zs of the
different oligouronides.

The COOH/CHO ratio was determined by analyzing for free carboxyl and re-
ducing groups with the methods used by Davé and Vaughn®. The UV spectrz of
aqueous solutions of each of the urcnides (1 mg per 10 ml) were determined. All
spectra showed a2 maximum absorption at 232 nm. From this absorbance and the
concentration of the uronide and its assumed molecular weight, molar absorptivities
were calculated. The TBA reaction was carried cgut according to the method described
by Albersheim et al.’. Two concentrations of each compound were tested: 10 mg per
mi of distilled water and [ mi of 2 0.01 M solution of each uronide. Bromine uptake
by the oligouronides in question was determined by the method described by Linker
et al3®. Micromole bromine uptake per micromole of oligouronide was calculated
using bromme blank titres. Galacturonic acid assay was determined after acid hydroly-
sis of the oligouronides by use of the naphthoresorcinol method of Rahman and
Josiyn®t. In order to assay within the sensitivity of the method, 0.2-ml samples of the
hydrolysate were suitably diluted before the test was made. In all cases, the known
unsaturated digalacturonic acid was used as a reference compound.

The results of these various tests and calculations designed to help identify the
different compounds are shown in Table [. The homologous nature of the series of
compounds in question had already beer suggested by the results of gel filtration and
PC. All of the criteria applied show clearly that the compounds are such a series of
unsaturated oligouronides. Thus, on the basis of absorbance at 232 nm, molar
absorptivities and bromine uptake it is certain that the four compounds are unsatu-
rated and that there is a single unsaturated component present in each. The TBA
reactions with equimolar concentrations of the compounds also are supporting
evidence for single unsaturation. The COQOH/CHO ratios indicate that the com-
pounds are unsaturated trimer, tetramer, pentamer and hexamer. Convincing proof
of the identity of these compounds was obtained by hydrolysis and estimation of the
units of galacturonic acid released from each cligouronide. On a molar concentration
basis, galacturenic acid in amounts 2, 3, 4, and 5 times that expected from unsaturated
dimer was obtained on hydrolysis of the compounds under consideration.

Chemical degradation of unsaturated galacturonides

Infrared (IR) spectrum analysis and mass spectrometry generally are used to
supplement data obiained by other methods to augment determination of the structure
of a compcund. These methods were unsatisfactory. Interpretation of the data ob-
tained in IR analysis was difficult because no known reference compound other than
unsaturated dimer was available. Mass spectrometry was unsuccessful because the
samples charred at the temperature of analysis and the compounds may have been
degraded. Therefore acid hvdrolysis was resorted to in an attempt to obtain further
confirmatory evidence for the structure of the unknown oligouronides.

Methods described by Hasegawa and Nagel®?, and Okamoto er of??, were
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TABLE I

COMPARISON OF HYDROLYSATES OF UNSATURATED OLIGOURONIDES

Abbreviations: PEWA = pyndme—ethyi acetate-water-acetic acid; BAW = n-butanol-acetic acid—water; BPB =
bromopheno! blue.

Reference Ofigouronides Concentration Degradation PC solvent  Detection Spots { Re or Ryq:)
used (mgimi} conditions systemt of produces
formed
fHasegawa and Unsaturated 2 Mild, 1 N PEWA AgNQ;, (1) R similar to
Nagel®? dimer (I, 100°, (5:5:3:1), 2spots thatof galacturonic
30 min 6-£&h acid, identified;

@)y Rr=1.6 X R¢
of galacturonic
acid, compound
unidentified

Ckamoto Unsaturated 30 (0.08 M, Thermal BAW Aniline (1} Rr = 0.30
et al.*® dimer pH 3.0) degrada- (4:1:2), chioride, (galacturonic
tion, 120°, 68h 4 spots acid);
30 min 2y R =074
(5-formyl-2-
furancarboxylic
acid;

(3) R = 0.89
(2-furancarbox-
vlic acid)

(4} formic acid,
identified
chemically

Wodified Unsaturated Strong, 6 N PEWA AsNQO;, Ay R,.y = 1.0:
method trimer” HCI, 1006°, (E:i:E:0), Ispots; (a) Ry = 1.2;
30 min 8h BPE, (AN Ryer = 1.7
3 spots (later identified
in BAW (4:1:2)
as 4 spots as in
Okamoto er al.>

v

© Unsaturated dimer and alf the higher unsaturated uronides yielded apparently identical products

tried and were found to give incomplete hydrolysis of the unsaturated oligouronides.
Hence a medification of the method of Hasegawa and Nagel was attempted by in-
creasing the concentration of HCI from [ N to 6 N. With this modification, complete
hydrolysis of uronides was observed within 3¢ min at 100°.

The data presented in Table II, showing the comparison of the degradation of
unsaturated oligouronides using the above mentioned three different methods, showed
serious descrepancies. However, it was determined that the discrepancy was due to
the solvent used for chromatography and the method of preparation of the com-
pounds for chromatography. In actuality, all the methods appear to form the same
four compounds (Table IT). According to the method of Okamoto er al.32, utilizing PC
with the solvent system n-butanol-acetic acid—water (BAW) (4:1:2), the compounds
detected were D-galacturonic acid. S-formyl-2-furancarboxylic acid, 2-furan carboxylic
acid, and formic acid. While using the method of Hasegawa and Nagel, the hvdrolysate
was evaporated to dryness, and thus formic acid, a volatile compound, might have
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TABLE fiI

PAPER CHROMATOGRAPHIC CHARACTERISTICS OF THE HYDROLYTIC PRODUCTS OF UN-
SATURATED TRIGALACTURONIC ACID BY 6 ¥ HCL AT 100° FOR 30 min

Abbreviations: PEWA = pyridine—ethyl acetate—water—acetic acid: BAW = n-butancl-aceric acid-water; BPB =

bromo phenol 3iue. +, ++, ++ +, and L+ + + indicate relative intensities of spots; — = not observed.
Corm~ Rpin BAW Rein PEWA AgNO-: BERB Anikire- HCI Special Iderrification
pound  (£:1:2) {3:5:5:5) spray character
1 .30 §.45 + 4+ T Reddish brown  Gives pink Galacturcnic
color with acid
naphthores-
orcinol
2 .40 0.53 -+ +" ++* Light brown Zaze. €210 nm}  Formic acid
3 0.80 0.86 L £ Light yellow Ae=s=. (285 nm)  5-Formyl-2-
furancarboxylic
aCi\..'r
4 0.83 0.80 — -~ ——+— No color or Ao (245 nm)  2-Furzncar-
{not seen as very light boxylic acid“**
a2 separate vellow
spot)

* - . . .
Variable color reaction depending on amount present.
“* Reference compound was prepared according to Stutz and Deuel®.
*** Synonym: 2-furoic acid; compound obtained (practical grade) from Eastman, Rochester, New York.

been lost. When the hydrolysate, obtained by our modified method, was checked by
PC in the BAW (4:1:2) solvent system, the hvdrolysate showed four spots. Two
distinct spots for 5-formyl-2-furancarboxylic acid and 2-furancarboxylic acid ap-
peared in the BAW (4:1:2) solvent system instead of one fused spot observed in the
pyridine—ethy! acetate—water-acetic acid (PEWA) (5:3:5:5) solvent system. Tabie IIE
summarizes the identity of the individual components of the hydrolysate of the un-
saturated frimer.

Enzymatic degradation of the unsaturated oligouronides

The purified enzyme PATE from B. pumilus®™ was used for degradation of the
unsaturated vronides and for establishing its minimum chain length requirement.
Two millilitres of reaction mixture containing 0.59/ of a single unsaturated uronide
in z solution of 0.033 Af Tris—HCI buffer (pH 8.5), 5-10~* 4f CaCl,, and 1000 units
of rurifisd PATE, were incubated at room temperature. Various unsaturated uronides
ranging from di- to hexagalacturonides were used as substrates. At various time
intervals, samples were taken 2nd chromatographed at room temperature for § b on
Whatman paper No. 4 using PEWA (5:5:5:5) as the solvent system. From the results
obtained shown in Tabie IV, it was observed that unsaturated di- and trigalacturonides
were not attacked for 96 h. Hexagalacturonide was attacked rapidly and it completely
diszppeared in about 6 h with the production of a single end product, unsaturated
trigalacturonide. Unsaturated pentagalacturonide was attacked at-a lower rate, and
in 48 & it had disappeared giving rise to unsaturated dimer znd trimer as the end
products. Unsaturated tetragalacturonide was attacked at such a slow rate that its
reaction products appeared only after 24 h or more, and even afier 96 haslight amount
of unsaturated tetragalacturonide remained. The reaction products were limited to
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TABLE IV

PRODUCTS OF ENZYMATIC DEGRADATION QF UNSATURATED OLIGOURONIDES
Abbreviations: M’ = probably unsaturated monomer; U. di., U. tri., U. tetra., U. peata., and U’
hexa. are all unsaturated oligouronides increasing D.P. from 2 to 6. — = not observed: — = doubt-
ful; +, ++, +++, and + <+ + + indicate relative intensities of spots. As shown earlier?, the en-
zyme reacted with polysalacturonic acid repidiy, and in less than one hour the spot for polymer had
disappeared with the formation of U. tri., U. tetra., U. penta.. and . hexa. When U. tri. and U. di.
were incubated with the enzyme, no change was observed for as Iong as 96 h.

Reaction Substrate Products Substrate Products Substrare Produce

F#7, =4 !E U.tetr' - - U. ernia. U. ’zex - U.t ‘.
tme (&) Ui M £ . tri. U. di. “ e

i S, [ S -
]

6.5 -

;
L.G - —++ - -

4 -
-

6.0 -+ —+++ — T+
9.0 + No further change
iz -+
24
48
96

‘l.. ,}. -
B ,lv 4

o b

Ao o o

F b
]
!
|

unsaturated trigalacturonide and a compound having a Ry higher than galacturonic
acid, possibly a mono-unsaturated galacturonic acid.

The production of varicus end products described zbove is further evidence
for the structure of the uronides used as substrates. A decrease in the reaction rates,
as the chain-length of the substrate decreases is clearly observed (see Table IV),
indicating that a certain minimum size of the chain-length is required by the PATE
of B. pumilus for its action on the uronides. Furthermore, since unsaturated trimer is
not attacked, it appears that the minimum chain-length required for the action of B.
pumilus PATE enzyme corresponds to a D.P. of 4.0. Thus, the endo-PATE from B.
pumilus differed from that of B. pofymyxae' which produced unsaturated di-
galacturonic acid as the major end product of polysalacturonic acid degradation.
Nevertheless, in some respects, it was similar to the endo-PATE produced by the
thermophilic B. sfearothermophilus® which preduced unsaturated trigalacturonic acid
as the major end product. However, the differences between the endo-PATE of B.
pumilus and that of the thermophilic Bacillus may or may not be significant. The later
enzyme had a higher molecular weight (24,000 daltons) and an optimum activity at
70° in the presence of Ni2*, whereas the former was lighter (molecular weight 20,000
daltons) and had optimum activity at 60° in the presence of Ca?*.

Another species of Bacillus isolated from soil is known to produce unsaturated
trigalacturonic acid’. Unfortunately, the culture was not described in detail enough
to compare it with the B. pumilus used here. There are some similarities between the
two PATE enzymes. Both are endo-polygalacturenic zcid frams-eliminases which
cause the accumulation of the unsaturated trimer as the major end product. Both
require Ca** for maximum activity. The B. pumilus enzyme showed optimal activity
at pH 8.0-8.5. This range is somewhat lower than the optimal range pH 8.9-9.4 re-
ported for the enzyme of B. polymyxa® or the optimum of pH 9.3-9.7 reported for
the unidentified Racillus?. Other possible pertinent comparisons such as molecular
weight and optimum temperature cannot be made as such information is lacking for
the unnamed soil Bacillus.



406 B.A. DAVE, R. H. VAUGHN, L. B. PATEL

REFERENCES

t P Albersheim, H. Neukom and H. Deuel, Arch. Bischem. Biophys., SO {1960) 46.
2 P. Albersheim, Methods Enzyrwl., 8 (1968} §23.
3 D. A. Bush and R. C. Codner, Phytachemisiry, & (1970} 87.
4 R. D. Edstrom and H. J. Phaff, J. Bi¢i. Cherm., 239 (1968} 2409.
5 R. T. Sherweoad, Phytopathelogy, 56 {1968} 272,
6 A. Fuchs, Anconie var Lecuwenhoek; J. Aficrobict. Sercf., 31 (1965) 323,
7 S. Hasegawa and C. W. Nagel, J. Food Sci., 31 {1566} 838.
8 E. [f. Hsu and R. H. Vaushn, J. Bactericl., 98 (1969} 172.
9 A. Karbassi and R. H. Vaughn, Abstracts of the Annual Meeting, American Society for Micro-
biclogy, 1974, p. 167.
i0 Y. D. MacMillan angé R. H. Vaughn, Bischemistry, 3 (1564) 564.
1t F. Moran, S. Nasuno and M. P. Starr, Arch. Biochem. Bigpkys., 123 {19G63) 298.
12 C. W, Nagel and R. H. Vaughn, Arch. Biochem. Biophys., 93 (1961) 344,
13 S. Nasuno and M. P, Starr, Biochen:. J., 104 (1967) 178.
14 F. M. Rombouts, Agr. Res. Report 779, Centre for Agricultural Publishing and Documentation,
Wageningen, The Nether.ands, 1572.
15 M. Zucker and L. Hankin, J. Bactericl., 104 (1570) 13.
16 R. H. Vaughn, T. Jakubczyk, J. D. MacMillan, T. E. Higgins, B. A. Davé and V. M. Crampton,
Appl. Microbiol., 18 (1969) 771.
17 R. H. Vaughn, K. E. Stevenson, B. A. Davé and H. C. Park, 4ppl. Microbict., 23 (1972} 316.
18 A. D. Agate and J. V. Bhat, J. Ind. Inst. Sci., 45 (1963) 49.
19 R. A. Mzah and R. E. Hungate, J. Pretozcol., 12 {1365) 131.
26 R. Amadd, Disserration, ETH, Zarich, No. 4536, 1970.
21 C. W. Nagel and T. M. Wilson, A4ppl. Aficrobiol., 30 (1570} 374,
22 A. L. Demain and H. I. Phafi, 4rch. Biockerm. Biophys., 51 (1854) 114,
23 B. S. Lvh ané H. J. Phaff, Arch. Biocheirz. Biophys., 31 (1954) 102.
24 R. Derungs and H. Deuel, Helv. Chim. Acta., 37 (1834) 657.
25 C. W. Nagel and M. M. Anderson, Arch. Riochem. Riopkys., 112 (1965} 322.

25 C. W. Nagel and T. M. Wilson, J. Chromarogr., 41 (196%) 410.

27 B. A. Davé and R. H. Vzughn, J. Bacteriol., 108 (187%) 166.

38 B. A. Davé, Ph. D. Thesis, University of California, Davis, Calif., 1968.
29 J. R. Whitaker, Aral. Chem., 35 (1963) 19350,

30 A. Linker, K. Meyer and P. Hoffman, f. Biol. Ckem., 219 (1956} I3.
31 M. P. Rzhman and M. A. Joslyn, Food Res., 18 (19353) 308.

32 S. Hassgawa and C. W. Nagel, J. Biol. Chem., 237 (1962} 619.
33 K. Okamoto, C. Hatanaka zand J. Ozawa, Agr. Biof, Chem., 28 (1964) 331,
34 E. Situtz and H. Deuel, Helv. Chim. Acta, 39 (1236) 2126.



