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AN ABSTRACT OF THE THESIS OF Peter J. Paquet for the 

Master of Science in Biology presented 22 May 1975 

Title: A Biochemical Analysis of Viscin from Arceuthobium 

tsugense 

APPROVED BY MEMBERS OF THE THESIS COMMITTEE: 

innin, Chairman 

Richard D. ·Tocher 

~ - - » L. Calvin 

The viscin coating of seeds from Arceuthobium tsugense 

was analyzed histochemically and enzymatically. The results 

indicated that the viscin is co~posed of two components. 

The first is a muculagenous pectic compound which surrounds 

the entire seed and accounts for a number of observed 
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phenomenon such as stickiness, water holding capacity and 

the ability to undergo repeated drying and rehydration. 

The second component is made up of a large number of cellu-

lose strands which are attached to the endocarp and run 

throughout the pectic coating. Scanning electron micro-

graphs show that they are thought to be important in main

taining the integrity of the pectic coating. The signifi-

cance of these findings is discussed with respect to estab-

lishment of the parasite. 
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INTRODUCTION 

Dwarf mistletoes (Araeuthobium spp.) are pathogens 

Which have a serious economic irapact on coniferous forests, 

especially in the western portion of North America. Inter-

est in developing effective control measures has stimulated 

research into the biology of these hemiparasites. 

Dwarf mistletoes are true flowering plants and as 

such have .fruits with seeds. The "seeds" are so unusual 

that the term must be used with reservation. In contrast 

to true seeds, those of Araeuthobium have no seed coats or 

integuments but are only a naked embryo and endosperm en-

cased in the endocarp of the fruit (Gill 1935). At maturity 

the seeds are explosively fired from the fruits for dis-

tances up to 50 feet, although the average distance is con-

siderably less (Hawksworth and Wiens 1972). 

After expulsion, the fresh seeds are coated (except 

for the basal end) with a mucilagenous substance called 

viscin. Running through the mucilage are a large number of 

filamentous strands which are attached to the distal and 

lateral parts of the seed. These strands are considered to 

be the remnants of cells which are presumed to secrete the . 
viscin and are termed "viscin cells" (Kuijt 1969). The 

viscin enables the seed to stick to surfaces on which it 

lands after expulsion. Also, since the viscin is hygro-

scopic it is thought to play a part in supplying water 

. necessary for germination (Gill _1935; Pierce 1905). During 

wet periods the viscin coat imbibes water and the seed 

•.. 
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becomes surrounded by a jelly-like mass which allows the 

seed to slip down to the axil of the leaf or fasicle on 

which it may have landed (Kuijt 1960). Such a placement 

is of primary importance for penetration and entry of the 

radi6le into the host tissue. 

2 

To date, no studies have been done to indicate the 

nature of viscin from dwarf mistletoes. The purpose of the 

present investigation is to determine quantitatively the 

biochemical composition of the viscin from Arceuthobium 

tsugense (Rosendahl) Jones (Hawksworth and Wiens 1970). 



MATERIALS AND METHODS 

Seed Collection 

Seeds of A. tsugense were collected from infected 

Tsuga heterophyta (Raf.) Sarg. in late August and early 

September of 1974 at Goat Mountain (Sec. 11, T. 5S., R. 

BE., Willamette Meridian) in the Mt. Hood National Forest. 

The fruits were mature and ready to fire the seeds. At a 

given collection site entire aerial shoots were picked by 

hand and placed in a paper bag. Subsequently the bags were 

shaken to cause the seeds to fire from the fruits. Fired 

seeds were then collected from the paper and aerial shoots 

with forceps and put in glass Petri dishes for storage in a 

refrigerator at 10°C for at least one week before use. 

Localization of Carbohydrates in the Viscin Layer 

Carbohydrates of the viscin layer were localized using 

a modification of a method by Jensen (1960). Individual 

seeds were placed in each of twelve 10 x 75 mm test tubes. 

Three ml of distilled water were then added to each tube to 

allow complete hydration of the viscin material. By testing 

the rate of hydration, a one hour soaking time was found to 

be adequate. Excess water was removed with a narrow necked 

Pasteur pipette. At this stage, three tubes were set aside 

(Fig. 1, I), the seeds still supporting the total insoluble 

carbohydrates found in the viscin layer. 

To each of the remaining nine tubes were added 3 ml of 

oxalate reagent which consisted· of 0.5% (w:v) ammonium 

... 
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Figure 1. Scheme for the extraction of poly
saccharides. The entire extraction procedure 
was done in triplicate. 
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oxalate plus 0.5% qxalic acid (w:v). The tubes wer~ in

cubated at 90°C for 12 hours (Fig. 1. I). The oxalate 

reagent removes pectic substances (Jensen 1960). Following 

incubation the oxalate reagent was discarded with a Pasteur 

pipette and the seeds were rinsed with distilled water. 

Three tubes were set aside at this stage for subsequent 

histochemical tests (Fig. 1, III). 

To each of the remaining six tubes were added 3 ml of 

4% (w:v) KOH and these were incubated for twelve hours at 

25°C to remove hemicelluloaes (Jensen 1960) (Fig. 1, V). 

After incubation the ~OH-hemicellulose extract was removed 

with a Pasteur pipette and discarded. Three tubes were set 

aside and the last three tubes were incubated in 17.5% 

(w:v) KOH (3 ml). This final treatment is reported to re-

move any non--cellulosic polysaccharides that might have re-

mained during prior extractions (Jensen 1960)~ It is gener-

ally acknowledged (Jensen 1960) that cellulose is the only 

common extracellular polysaccharide present after the 17.5% 

KOH extraction (Fig. 1, VII). 

Histochemical Reactions 
. 

Each set of three tubes from the above reactions was 

subjected to the following tests: 

1. One tube from each set was tested for total 

carbohydrates using the Periodic Acid-Schiff's (PAS) re-

action (Hotchkiss 1948; McManus, 1948). 

?· One tube from each set was tested for pectins 



using the Hydroxylamine-ferric chloride (HFC) reaction 

(Reeve 1959). 

3. One tube from.each set was tested for cellulose 

using the Zinc-chlor-iodide (ZCI) reaction (Rawlins and 

Takahashi 1952). 

Isolation of Pectic Substances 

Two procedures were employed in the extraction and 

isolation .of the pectic substances. These are summarized 

6 

in Figure 2. One procedure used 0.5% ammonium oxalate plus 

0.5% oxalic acid in the extraction (Anderson and King 196la, 

l961b) and the other used hot water (Jermyn and Isherwood 

1956; Ray and Rottenberg 1964). Except for the above sol

vents both procedures were identical. 

Previously refrigerated seeds were placed in two 50 

ml vials, 100 seeds in each vial. The seeds were subjected 

to four successive extractions, two hours each in length, 

by continually shaking them in 25 ml of oxalate solution in 

one vial and hot water in the other. Both the oxalate re

~gent and the water were heated to boiling before addition 

~nd allowed to cool during the treatment. Fresh ~elution 
• 

was added prio~ to each treatment. The hot water extracts 

were combined and the oxalate extracts were combined and 

each was filtered through Whatman's No. 1 filter.paper and 

then dialized for 48 hours against 6 change~ of tap water. 

Ninety-five percent ethanol (1.5 vol.), 0.05 N with respect 

to HCl, was added to each of the above (Fig. 2, F) and the 

':t 
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Figure 2. Flow chart for the extraction of pectic 
materials. SM, starti~g material (A. tsugense seeds); 
F, filtrate; R, residue; P, precipitate; S, super
natant; H, hydrolysate. 
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resultant precipitate (F~g. 2, P) was collected after 30 

minutes of centrifugation at 5000 g and washed successively 

with 0.01 M hydrochloric acid, 60% ethanol, and absolute 

ethanol (Milner and Avigad 1972). The resulttng residue 

was then freeze-dried. \ 
I 

Determination of Hexuronic Acid I 
I 

The hexuronic acid content of viscin extiracts was 

determined colorometrically by the carbazole-~ulfuric acid

borate method (Bitter and Muir 1962). The re~ction was 

carried out at 55°c according to the modificaJion of Knutson 
I 

and Jeanes (1968). 
I 

Enzymatic Hydrolysis 
I 

The enzymatic hydrolysis of freeze-dried pectic mate

rial from the alcohol precipitate (Fig. 2, P), was achieved 

with 20 mg of commercial pectinase (Sigma). The reaction 

was carried out in 10 ml of 0.05 M acetate buffer at pH 5.0 

· ~t for 48 hours at 21°C (Milner and Avigad 1972). For compari-
1 

, 
li 
If 

I ~ 

; ~ 

son, samples of commercial citrus pectin and pure poly-

galacturonic acid (both from Sigma) were hydrolyzed in like 

manner. 

Acid Hydrolysis 

The acid hydrolysis of 50 mg of freeze-dried pectic 

material from the alcohol precipitate (Fig. ~' P), was 

achieved with 100 ml of 1 N H2S04. The solution was placed 

I . 
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in the autoclave for-3 hours at 20 pounds pressure (121°C). 

Neutralization of the solution was carried out by adding a 

slight excess of Ba(OH)2 to the cooled hydrolysate. 

Paper Chromatography of Sugars 

Hydrolyzed extracts were separated by descending 

paper chromatography on 3 M No. 3 chromatography paper, 

with 160:40 isopropanol-water as the developing solvent. 

Benzidine reagent was employed for the detection of spots 

(Smith ig6o). The same procedure was used for the examina-

tion of neutral sugars used as standards. 

Scanning Electron Microscopy 

Seeds of A. tsugense were prepared for scanning elec-

tron microscopy by gluing fresh, viscin-coated seeds onto 

specimen stubs with Duca (DuPont) cement, drying them and 

coating them with gold. Polaroid micrographs·were taken 

on a Cambridge Stereoscan Scanning Electron Microscope. 
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RESULTS 

Histochemical Observations 

All seeds supporting the total polysaccharides of the 

viscin layer (Fig. 1, I) gave positive reactions for total 

carbohydrates, pectins and cellulose. The entire viscin 

layer tested positively for total carbohydrates by the PAS 

reaction and positively for pectins by the RFC reaction. 

According to the ZCL test, only the filamentous strands in 

the viscin contained cellulose. 

The seeds treated to remove only pectic substances 

(Fig. 1, III) were devoid of the outer mucilagenous viscin 

coating. Only the filamentous strands remained and these 

tested positively for cellulose by the ZCL reaction. The 

tests for pectic substances (RFC) was negative. 

The set of seeds treated to remove hemicellulose (Fig. 

1, V) and the final set in which only cellulose remained 

(Fig. 1, VII) gave precisely the same results with the 

histochemical tests as those treated to remove pectic sub-

stances (Fig. 1, III). 

These observations indicated that the viscin of A. 

tsugense is made up of two components: the gelatinous 

matrix of pectic substances and filamentous strands of 

cellulose. 

Scanning E. M. Observations 

Scanning electron micrographs of freshly fired seeds 

(Fig. 3 and 4) show that the long filamentous strands are 
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Figure 3. S.E.M. of freshly fired dwarf mistletoe 

seed (25X). A. "Seed" surrounded by viscin pectic material 

and embedded filamentous strands. B. Viscin material 

attached to substrate and being held in place by fila-

mentous strands. 
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Figure 4. S.E.M. showing filamentous strands at 

higher magnification (lOOOX). A. Note helical sub-

structure present in strands. 
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embedded in the pectin matrix (Fig. 3). Higher magnifica-

J tion reveals that these strands have a helical substructure 
' I and are thought to be the thickened primary walls of the 

·1 "viscin cells" which are dead at maturity (Kuijt 1960). 

:l 

f 1_• 

Chemical and Enzymatic Observations 

Determination of hexuronic acid by the carbazole 

method showed no appreciable difference in total hexuronic 

acid between the dialyzed oxalate extracts and the dialyzed 

water extracts (Fig. 2). Therefore, all further tests were 

performed using the water extracts. ·Results from the car-

bazole tests showed that the water extracts contained 0.11 

mg of hexuronic acid per ml of extract or 0.11 mg of hexu-

ronic acid per seed. Carbazole analysis of the filtrate 

(Fig. 2, F) showed that 92% of total hexuronic acid was 

precipitated by the acidified ethanol. 

Ultimately a mass extraction· of 5000 seeds (weight 

estimate) was carried out to obtain sufficient material for 

enzymatic and acid hydrolysis. The pectinase hydrolysis 

was carried out simultaneously on viscin precipitate and 

the commerical pectin and polygalacturonic acid. The pro-

ducts of enzymatic hydrolysis of viscin precipitates had 

the same chromatographic mobility as those of oligo-D

galacturonic acids obtained from the hydrolysis of poly-

galacturonic ~cid and commercial citrus pectin. No spots 

representing other sugars were observed. 
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Neutralized acid hydrolysates of the mistletoe pectic 

substances were also chromatographed. These. gave only a 

single spot which had the same mobility as D-galacturonic 

acid. No other sugars were found to be present. 

1 .. 
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1-



' 

j 

DISCUSSION 

'lhe formation of water soluble pectic substances is 

a well documented phenomenon in ripening fruits (Doesburg 

l974). The exact mechanism is not well understood but the 

following statements are generally held to be true. During 

ripening, protopectin of the mesocarp is converted enzy

matically into soluble pectinic acid which causes a soften

ing of the tissues due, in part, to the dissolution of the 

protopecti~ intercellular cement (Doesburg 1974). 

Accepting Gill's (l935) conclusion that the irrunature 

viscin cells of dwarf mistletoe fruits represent the meso

carp, then my data suggest that viscin is the soluble pec

tinic acid residue resulting from an enzymatic conversion 

of protopectin within this tissue. This conclusion is 

further .supported by my SEM work which shows the breakdown 

of the helical thickenings in the primary walls of the 

viscin cells and their apparent disjunction due to lack of 

intercellular cement. 

The hygroscopic nature or pectinic acid can also 

account for other observed properties of viscin. The in

crease in internal pressure that allows the seeds to be 
• 

fired could re5ult solely from the capacity of the pectin 

to imbibe large quantities of water. The above does not 

support the ideas of Pierce (1905) and Heinricher (1915) 

who proposed that the internal pressure was due to the 

ability of the viscin cells to absorb water. 
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The viscin's c~pacity to undergo periodic drying and 

rehydration can also be accounted for by its pectic pro

perties. My freeze-dried samples were able to undergo re

hydration and maintain the same properties of viscosity and 

tackiness as fresh samples. The fact that this capacity is 

lost in natural situations after relatively short periods of 

time could be attributed to bacteria, fungi, ultraviolet 

light, or other naturally occurring factors which might 

contribute to degradative chemical reactions. Under labora

tory conditions the seeds retain this capacity after as 

many as 100 wettings and dryings (Knutson 1973, and recent 

personal communication). 

I postulate that the cellulose strands, act as a sub

strate for the viscin so that it remains firmly attached 

to the seed. Without these strands the viscin would likely 

be dissolved from the seeds quite quickly during periods of 

wetness. Due to their attachment to the seed at only the 

distal and lateral surfaces these cell fragments also serve 

to orient the seed as the viscin becomes dried out. Pene

tration into the host is thus facilitated (Kuijt 1960). 

This ~tudy has answered a number of questions about 

the chemical nature of viscin. Future studies, utilizing 

mistletoe fruits at various stages of maturity would be 

highly enlighting both as a means of determining the· bio

chemical precursors of the viscin and as a possible means 

to further elucidate the biosynthetic pathways leading to 
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