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Of the carriers for affinity chromatography, the synthetic macroporous
polymer hydrogels based on copolymers of glycol methacrylate with glycol
dimethacrylate are of great interest. These gels exhibit a remarkable chem-
ical and mechanical stability. Affinants can be bound to hydroxyl groups
of gel with cyanogen bromide by using a method analogical to that of
binding the affinant to S-eph arose [J ].

The method of binding biologically active molecules to HMG (hyd-
roxyalkyl methacrylate gels) with cyanogen bromide has several disad-
vantages, toxicity of the reagents used being one of them. We have found
that the binding of biologically active molecules to the —OH groups of
HMG may be regarded possible when less toxic reagents TCT (2,4,6-tri-
chlortriazine) and DCT (2-amino-4,6-dichlortriazine) are used.

The objective of this work was to investigate the binding of trypsin
to the above-mentioned gels by the aid of chlorine derivates of triazime and
to demonstrate the use of immobilized trypsin in the isolation of trypsin
antibody from rabbit serum immunized with a suspension of tissue antigens
of pancreas extract [2 ].

Material and methods

Enzymes. Bovine trypsin (EC 3.4.4.4) «В» was obtained from the О laine Works
(U. S.S. R.). Esterolytic activity of trypsin was 23 (pmoles-min) -mg and immobilized
trypsin was assayed with BAEE (N-benzoyl-L-arginine ethylester) at 26 °C with the pH-
stat method.
Chemicals. Two hydroxyalkyil methacrylate gels, produced and marked under
the trade mark Spheron from LAGHEMA Company (Brno, Czechoslovakia), were used:
basic Spheron P-1000 (particle size 0.063 to 0.100 mm) and Spheron C-4000 (particle size
0.040 to 0.060 mm) containing p-nitrophenylester groups 0.095 m-eqv/g and —COOlT—-
groups 0.2 m-eqv/g. BAEE-HCI and Hammarsten casein were from Reanal (Hungary).
TCT (analytical grade) used was a product of the Yerevan Chemical Works and DCT was
synthesized in our laboratory by the method described by G. Kay and M. D. Lilly [3 ],

Activating HMG with chlorine derivates of triazine. In order to
activate HMG with TCT or DCT, the following method was used: 1 g of HMG was
activated with 20 ml of 1 to 3 N NaOH solution for 15 min. Then the solution of NaOH
was sucked off and 50 ml of a 2% solution of TCT in a mixture of xyloldioxane (1:1) or
50 ml of DCT in acetone or benzene were added to the product. The reaction was carried
out at room temperature. The product obtained was sucked off, washed with a mixture of
water—dioxane—acetic acid (1:4:4), with water and acetone, and dried under vacuum.
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The reaction product was assayed (H, C, N) on a Hewlett—Packard automatic
analyzer. The chlorine content was determined by potentiometric titration.
Binding trypsin to Spheron. The binding of trypsin to Spheron P-1000 activated
with chlorine derivates of triazine was carried out in 0.2 M Н 3ВОз/На 2 СОз buffer at 23°.
The binding reaction was broken off by rapid acidification of samples with pH adjusted to
2.5—3.0. After that the samples were washed with tris-buffer.

The binding of trypsin to Spheron C-1000 proceeded as follows: a certain amount of
Spheron was stirred in a ten-fold excess of water and stored in a refrigerator for swelling
for 2 to 3 h. The swollen gel was filtered, transferred to a phosphate buffer (pH 7.0)
containing about 200 mg of trypsin per 1 g of dry gel, and shaken for 60 min at 20°.

Unnecessary valency groups were washed off with a 1 M solution of ethanolamine in
0.2 M phosphate buffer (pH 8.0), nonspecific enzyme was removed from column by
washing alternately in 0.2 M phosphate buffer (pH 8.0) containing I M NaCl, and in
0.2 M acetate buffer (pH 4.0) containing 1 M NaCI.

Determination of trypsin antibodies. The amount of antibodies in rabbit
serum immunized with a suspension of tissue antigens of pancreas was determined in
the column (0.5xT0 cm) packed with Spheron P-1000 with immobilized trypsin. To assay
the quantity of antibodies, 1 mg of serum was introduced into the column with an
immunosorbent. After 15 min of incubation with a physiological solution at pH 7.4, the
nonspecific proteins were washed out, and at pH 3.2 the specific ones. The quantity of
protein was determined at the absorption of 280 nm.

Results and discussion

Products found as a result of the activation reaction of HMG with TCT
and DCT are shown in Scheme.

The presence of two or three reactive chlorine atoms in the molecule of
chlorine-substituted triazines leads to the formation of monosubstituted
ester of triazine or the substitution for the second chlorine atom in the
molecule of triazine, thus giving rise to the formation of absolutely un-
desirable intermolecular bonds according to scheme 11.

Data in the Table show that reaction of HMG with TCT proceeds mainly
according to scheme 11, i. e., the second chlorine atom is sufficiently reactive

_ Reaction of chlorine
denvates of tnazme w.th HMG

* Spheron C-1000 for binding
trypsin containing p-nitrophenyl-
ester groups.

and the reaction products obtained contain
additional intermolecular bonds. In the
reaction of HMG with DCT the substitut-
ion reaction proceeds mainly according to
scheme I, i. e., the second chlorine atom is
considerably less reactive and the for-
mation of additional intermolecular bonds
is insignificant. Varying reaction conditi-
ons, i. e., decreasing the reaction time, it
is possible to obtain a gel without addi-
tional bonds.

As can be seen from Table, trypsin
bound to Sipheron C-1000 is of low react-
ivity and therefore will not find use in
practice.

In order to optimize the binding con-
ditions of biologically active molecules to
HMG activated with chlorine derivates of
triazine, trypsin has been used as a model
compound.

N Tria-
zine

N,
%

C1,
%

Activity
of trypsin,

Ü/g

1 Я тст 5.15 4.66 85
2 тст 3.01 2.80 90
3 тст 3.66 4.20 69.60
4 ост 2.21 1.20 84.00
5 ост 2.30 1.20 160.00
6 ост 0.56 0.39 100.00
7 ост 0.20 0.15 70.00
8 ост 8.47 3.05 81.20
9 ост 9.90 4.38 73.90

10 ост 7.10 2.34 91.30
11 *

—
— — 42.00
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The dependence of the esterase activity of bound trypsin on the reaction
time (Fig. 1), the ratio of trypsin to HMG (Fig. 2) and the pH of the
medium (Fig. 3) have been studied. Investigations show that the esterase
activity of trypsin increases insignificantly after the 2-hours reaction time,
although the general amount of the bound protein increases at the same
time.

An increase in the ratio of trypsin to HMG by more than 2—lo is
impossible because although the amount of The ferment bound to the matrix
increases, the increase in the ratio of trypsin to HMG gives no considerable
increase in the activity of trypsin. The binding of trypsin should be carried
out in a phosphate buffer at pH 9 (Fig. 4) and at a ratio of trypsin to
HMG of 2:10 for 2h.

The activity of trypsin bound to HMG is directly dependent on the
degree of the —OH group substitution of HMG (i. e., on the chlorine
content in the molecule) (Fig. 5).

The best results have been obtained by binding Trypsin To the comparati-
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Fig. 1. Dependence of esterase
activity of immobilized trypsin
on the binding time: I Sp-
CN (Spheron P-1000, activated
with TCI), 2 Sp-ACN Sphe-
ron P-1000, activated with DCT).

Fig. 3. Dependence of esterase
activity of immobilized tryp-
sin on pH of the medium:

1 Sp-CN, 2 Sp-ACN.

Fig. 2. Dependence of esterase activity of
Spheron-bonded trypsin on the amount of
the enzyme and on the degree of HM.G sub-
stitution (according to the chlorine content):

I—3 Sp-ACN, 4 Sp-CN.

Fig. 4. Dependence of esterase activity
of immobilized trypsin on the chlorine

content of Spheron.

vely less substituted HMG containing about 1 % chlorine. The activity of
bound trypsin decreases considerably with the increase of the chlorine
content in HMG from 1 to 5%. The amount of the enzyme bound to the
polymer matrix increases with the increase in the reaction time and the
degree of the HMG substitution. We have demonstrated that the
comparative activity of bound trypsin depends on the amount of trypsin
bound to the polymer matrix so that the relative activity of the bound
enzyme decreases considerably with an increase in its amount (Fig. 6).

All of the samples of HMG which have been activated with either TCT
or DCT have excellent esterase activity that they retain during several
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Fig. 5. Dependence of the relative esterase
activity of Spheron P-1000 with immob-
ilized trypsin on the amount of the

bound trypsin.

Fig. 7. The elution chromatogram-
me for antibodies in column with

trypsin.

months and that does not
disappear after a 20-cycle
work.

At the same time, the
proteolytic activity of try-
psin bound to HMG with the
aid of TCT approaches zero.
It serves as an evidence of
the additional bonds by acti-
vation of HMG, due to
which the pores of HMG
become narrower. These
pores, although accessible
to the comparatively small
molecule of trypsin and its
low substrate BAEE, are no

Fig. 6. Esterase activity. pH optimum of
Spheron with trypsin.

more accessible to the large molecules of casein. The proteolytic activity of
saanpiles of trypsin bound to HMG with the aid of DCT is within 100 and
160 pm NaOH per 5 min (i. e., 5 to 9% relatively) and is stable enough.

Our data indicate the capacity of Spheron P-1000 activated with DCT
to be lower than that of other carriers used for the quantitative assay
of antibodies in rabbit serum. Bait taking into consideration the high
properties of Spheron P-1000 under column conditions, its low capacity
does not prevent using Spheron P-1000 in affinity chromatography of
antibodies. The curve for eluation in Fig. 7 shows the possibility of using
immobilized trypsin to isolate antibodies of trypsin from rabbit serum
immunized with a suspension of tissue antigens of pancreas.

Our investigations led to the conclusion that the binding of biological
molecules to HMG with the aid of DCT may be considered possible, with
the necessity of using preparations of low-degree substitution.
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Summary

1. The activation reaction of hydroxyalkyl methacrylate gel Spheron
P-1000 with chlorine derivates of triazine, i. e., TCT and DCT, has been
investigated.
2. Optimal conditions of binding trypsin to HMG-activated chlorine
derivates of triazine have been found.
3. Samples of the bound trypsin with a stable activity have been obtained
by activating HMG with TCT and DCT.
4. The use of immobilized trypsin in the isolation of trypsin antibody from
rabbit serum immunized with a suspension of tissue antigens of pancreas
has been studied.
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HÜDROKSÜÜLALKÜÜLMETAKROLAATGEELIDE
REAKTSIOON TRIASIINI KLOORDERI VAATIDEGA

Artiklis on käsitletud trüpsiini immobiliseerimist Spheron P- 1000-le triasiini kloorderivaa-
tide (2,4,6-trikloortriasiini ja 2-amino-4,6-dikloortriasiini) abil ning immobiliseeritud trüp-
siini kasutamist trüpsiini antikehade eraldamiseks küülikute verest, keda eelnevalt on
immuniseeritud pankrease ekstrakti vastaste antigeenidega.

Тайна ЛИННАС, Айла КОГЕРМАН,
X. ХЕИНЛО, О. КИРРЕТ

РЕАКЦИЯ ГИДРОКСИАЛКИЛМЕТАКРИЛАТНЫХ ГЕЛЕЙ
С ХЛОРПРОИЗВОДНЫМИ ТРИАЗИНА

Установлено, что перспективным можно считать связывание биологически активных
молекул с -ОН-группамн марки Spheron Р-1000 при применении менее ядовитых реаген-
тов 2-амино- '4,6-дихлортриазина и 2,4,6-трихлортриазина. Показана возможность
использования иммобилизованного трипсина для выделения антител трипсина из сыво-
ротки крови кроликов, иммунизированных суспензией тканевых антигенов поджелу-
дочной железы.
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	Рис. 2. Зависимость коэффициента разложения фосфорита в пробах дозревшего ДС от содержания примесей в исходном фосконцентрате. I—71—7 номера фосконцентратов по табл. 1; 75, 80, 85, 90, 95 коэффициенты разложения, %.
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	Рис. 3. Зависимость качественных показателей аммофоса от содержания примесей в исходном фосфорите. (Обозначения см. на рис. 2).
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	Рис. 1. Зависимость рассчитанных по уравнениям (1), (2) [Р] от ki, Значения Р в мг/г синтетазы рассчитаны при к2= 100 (Л) и [Р]< от t при указанных на кривых значениях ki (Б).
	Рис. 2. Зависимость v 0 на первой ступени синтеза от времени активации. Значения v 0 рассчитаны из суммарного выхода ПГ Е2 на четырех последовательных ступенях синтеза с учетом распределения продукта по ступеням и времени (см. рис. 3).
	Рис. 3. Зависимость выхода ПГ Е2 от времени окисления в последовательных циклах работы синтетазы (неокрашенные точки слева; номера на кривых указывают очередность циклов) и инактивация синтетазы в циклах (темные точки справа). О и A(D) две партии арахидоновой кислоты. Условия работы активированной синтетазы: 75 мг/мл, ЭДТА-буфер 30 мМ, субстрат (5) 3,4 мМ, глутатион 2 мМ, гидрохинон 0,5 мМ, температура 32 °С. Пунктиром обозначена временная зависимость количества ПГ Е2 на первой ступени синтеза при [s]o = 4,2 мМ (вверху) и 2,5 мМ (внизу).
	Рис. 4. Кривые элюирования ПГ Е2 (а, б) иПГ Р2а (в) из колонок с силикагелем; а первая ступень очистки, элюент хлороформ—метанол; б вторая ступень очистки, элюент гексан—этиловый эфир уксусной кислоты; в вторая ступень очистки, элюент тот же, что в б.
	Рис. 5. Спектр ЯМР13С ПГ £2- Спектрометр WH-90, растворитель дейтерированный хлороформ, сдвиги относительно тетраметилсилана. Цифры у пиков обозначают число атомов углерода, начиная с карбоксильной группы.
	Рис. 6. Спектр ЯМР13С ПГ F2a (в деитернрованном метаноле).
	Рис. 1. Газовая хроматограмма исходного концентрата метиларахидоната (содержание основного компонента 65%). Цифры у пиков указывают количество атомов углерода и двойных связей в молекуле кислоты. Условия анализа; колонка 350X0,3 см, жидкая фаза —3% поли-1,4- бутандиолсукцината на хезасорбе AW-HMDS (0,25—0,36 мм), температура колонки 220 °С, газноситель гелий, входное давление 1,2 кг/см2, пламенно-ионизационный детектор.
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	Рис. 2. Элюирование компонентов концентрата метиларахидоната (45%) из А§+-силикагелевой колонки (Л) и состав элюента {Б). Рис. 3. Спектр ЯМР13С выделенного метиларахидоната (спектрометр WH-90; растворитель дейтерированный хлороформ; сдвиги ядер относительно тетраметилсилана). Цифры у пиков обозначают число атомов углерода, начиная с карбоксильной группы.
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	Fig. 1. Dependence of esterase activity of immobilized trypsin on the binding time: I Sp-CN (Spheron P-1000, activated with TCI), 2 Sp-ACN Spheron P-1000, activated with DCT).
	Fig. 3. Dependence of esterase activity of immobilized trypsin on pH of the medium: 1 Sp-CN, 2 Sp-ACN.
	Fig. 2. Dependence of esterase activity of Spheron-bonded trypsin on the amount of the enzyme and on the degree of HM.G substitution (according to the chlorine content): I—3 Sp-ACN, 4 Sp-CN.
	Fig. 4. Dependence of esterase activity of immobilized trypsin on the chlorine content of Spheron.
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	Fig. 6. Esterase activity. pH optimum of Spheron with trypsin.
	Fig. 5. Dependence of the relative esterase activity of Spheron P-1000 with immobilized trypsin on the amount of the bound trypsin.
	Рис. 1. Зависимость радиационного выхода G(—БП) от исходной концентрации при разных мощностях дозы облучения: 1 0,45; 2 0,55; 3 0,60; 4 0,65; 5 0,80; 6 0,86; 7 1,22; 8 1,4 и 9 1,7 Мрад/н.
	Рис, 2. Разложение бенз(е) пирена в ацетоне раздельно (У) и совместно с БП (2).
	Рис. 3. Сопоставление кинетических данных двух процессов инициированного окисления (фотолиз и радиолиз). Нумерация соединений по табл. 1.
	Рис. 1, Состав я-парафинов, выделенных из слоев кукерсита А, В, D и £ и асфальтита В.
	Рис. 2. Состав н-алкилкетонов, выделенных из слоев кукерсита. 1 н-алканоны-2, 2 кетоны с центральным расположением карбонильной группы.
	Рис. 3. Состав жирных кислот, выделенных из слоев кукерсита.
	Рис. 4. ИК-спектры слоя D: 1 суммарный битумоид, 2 алифатические углеводороды, 3 алкилбензолы, 4 полициклические ароматические соединения, 5 кислородные соединения, 6 кислоты.
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	Рис. 1. Распределение н-алканов в однократных гидрогенизатах. Условия гидрогенизации: 1 300°С/50 ат, 2 Э6O °С/50 ат, 3 390 С/оО ат, 4 420 °С/50 ат.
	Рис 2 Распределение w-алканов в ступенчатых гидрогенизатах. 1 Э6O °С/25 ат, 2 Э6O °С/50 аг, 3 390 °С/50 аг.
	Рис. 3. Распределение н-алканов в жидких продуктах деструкции. 1 термическое растворение, 2 конверсия водой, 3 гидрогенизация формиатом, 4 полукоксование.
	Рис. 1. Зависимость коэффициента разложения фосфорита в пробах ДС от продолжительности дозревания. /—7 номера фосконцентрата по табл. 1.
	Рис. 2. Зависимость коэффициента разложения фосфорита в пробах дозревшего ДС от содержания примесей в исходном фосконцентрате. I—71—7 номера фосконцентратов по табл. 1; 75, 80, 85, 90, 95 коэффициенты разложения, %.
	Рис. 1. Изменение показателей процесса экстракции Н3РО4 из фосконцентрата 7 в зависимости от содержания Р2ОS в жидкой фазе при 75 °С (сплошная линия) и 90 °С (пунктир). 1 расход Н+-иона на 100 г растворенного Р2ОS (Ри+), г; 2 коэффициент разложения фосфорита (Кр), %; 3 скорость фильтрации при промывке фосфогипса (№/), м3/м2-ч.
	Рис. 2. Зависимость качественных показателей аммофоса от содержания примесей в применяемой фосфорной кислоте. 1 и 2 содержание, соответственно, усвояемого и водорастворимого Р205 в опытных образцах аммофоса. Горизонтальные линии обозначают минимальное содержание усвояемого (сплошная линия) и водорастворимого (пунктир) Р205 в аммофосе по ГОСТ 18918-73 для марок «А» и «Б».
	Рис. 3. Зависимость качественных показателей аммофоса от содержания примесей в исходном фосфорите. (Обозначения см. на рис. 2).
	Рис. 4. Зависимость суммарного содержания питательных элементов (ПЭ) в нитроаммофоске от содержания примесей в применяемой фосфорной кислоте. Горизонтальной линией обозначено минимальное содержание ПЭ в нитроаммофоске по ГОСТ 19691-74.
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