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Table 1. The level of tryptic inhibitory activity in the foliage ofcultivated crucifers 

Species 

pg trypsin inhibitedi __________ 
mg protein 

cabbage? 

Brassicu rcrpu (syn. cumpestris) L. 
subsp. chinensis cv. Chinese pak choi* 

subsp. rosularis cv. WR Green Chinese cabbage* 

subsp. rtip(fera cv. Market Express turnip* 

Brassica nupus L. 

subsp. napohrussica cv. Laurentian rutabaga* 

subsp. olriferu cv. rapeseed* 

Brassica junceu (L.) 

cv. Green Wave mustard greens* 

cv. Burgonde brown mustard* 

Sinupis alhu (L.) cv. Tilney yellow mustard* 

Raphunus .saticu.y L. 

cv. Marabelle radish* 

cv. Miyashige Daikon radish* 

Nasturtium officinulr R. Br. cv. watercress* 

757kQ 

508i9 

535_+9 

43825 

320+9 

515+-O 

209,O 

l8li4 

122018 

556221 

322iO 

811?30 

6521-O 

530+22 

207+ 16 

125450 

1190~22 

21513 

78657 

*Seeds provided by Johnny’s Selected Seed, Albion, Maine. 

tSeeds provided by Dr M. H. Dickson, NYS Agric. Exp. Stn, Geneva. NY. 

IPlant juice diluted I :3 with pH 8 buffer; incubated 1: 1 with trypsin for 10 min 

prior to the enzyme assay; data= mean Jo se. of three replicates. 

Table 2. The level of tryptic inhibitory activity in the foliage of wild crucifers 

Species 

peg trypsin inhibited’; 

mg protein 

Brassicu adprew? Ad- I 14 

Brassica kobert 

Arahidopsis tha/iuna$ Turk Lake CrGC I 13 

Greenville CrGCl I1 
Lepidium r>irginicum$ CrGClO7 

Lepidium camprstre$ CrGC106 

Sinapis ulha ex Emergo: CrGClO3 

Sinapis arvensis$ CrGC 104 
Capsvlla bursd-pustoris$ CrGC 105 

Descurainia pinnatat 

Thlaspi artwtse~ CrGCl 10 

Hesperis matronmlis$ 

Sisj,mbrium offic,inale: CrGC IO9 
- 

133+5 

449&O 

28519 

24713 

128F17 

94*7 

137, I4 

193+9 

1136kO 

352k5 

114+4 

90+3 

l96F8 

*Seeds provided by Dr. Carlos Quiros. U.C., Davis, CA. 
+Seeds provided by Valley Seed Service, Fresno, CA. 

$Seeds provided by Crucifer Genetics Cooperative, University of Wisconsin. 

Madison, WI. 

aSeeds provided by Dr. A. A. Renwick, Boyce Thompson Institute, Ithaca, NY. 

* Plant juice diluted 1:3 with pH 8 buffer: incubated 1: 1 with trypsin for 10 min 

prior to the enzyme assay: data = mean + se. of three replicates. 
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Table 3. The level of tryptic inhibitory activity in the storage organs of selected 

cultivated crucifers 

Species* 

pg trypsin inhibited? 

mg protein 

Brassica oleracea 
subsp. gongylodes cv. Kolpak kohlrabi stem 

Brassica rapa (syn. campestris) 
163kl 

subsp. rapiiera cv. Market Express turnip root 264*0 
Raphanus satiuus cv. Marabelle radish root 339+ 14 

cv. Miyashige Daikon radish root 306&6 

*All seeds provided by Johnny’s Selected Seed, Albion, NY. 
t Plant juice diluted 1: 3 with pH 8 buffer; incubated 1: 1 with trypsin for 10 min 

prior to the enzyme assay; data = mean + s.e. of three replicates. 

plant against herbivores and Jot pathogens, or 
(ii) inadvertently selected for because it is genetically 
linked to some other desirable character. 

In addition to the foliage, proteinase inhibitors are also 
commonly found in storage organs of plants, such as 
tubers, seeds and unripe fruit [l, 29,281. The present 
study demonstrates that there is tryptic inhibitory activ- 
ity in the storage organs of selected cultivated crucifers 
(Table 3). However, in general, the inhibitory activity in 
these organs is significantly less than the proteinase 
inhibitory activity in the foliage of the respective plants. 
This difference in the proteinase inhibitory activity in the 
different organs (i.e. leaf vs storage organ) may originate 
from (i) different concentrations of the same protein, or 
(ii) the presence of different proteins in the different 
organs. 

EXPERIMENTAL 

Seeds. All seeds used for this study were provided as gifts by: 

Johnny’s Selected Seeds, Albion, Maine; Valley Seed Service, 

Fresno, CA; Crucifer Genetics Cooperative, Univ.. of Wisconsin, 

Madison, WI; Dr A. A. Renwick, Boyce Thompson Institute, 
Ithaca, NY; Dr M. H. Dickson, Horticultural Science, NYS 

Agricultural Experiment Station, Geneva, NY, and Dr C. F. 

Quiros, Vegetable Crops, U. C. Davis, CA. 

Seeds were germinated in Cornell mix [29] in 13 x 20 x 6 cm 

plastic flats (1 flat/cultivar, thinned to 6 seedlings/flat). The 

plants were maintained under 1 kW metal halide lamps in 26” 
greenhouse. The plants were watered daily,and at 6-weeks-old, 

fertilized with a water-soluble nutrient mix (16-32-16), and 

subsequently fertilized once every 3 weeks. The plants used for 

the following analyses were 8-10 weeks old. 

Zsolation ofproteinase inhibitors. To optimize trypsin inhibitor 

levels in the foliage, each leaf used in the experiments was 
wounded by crushing the periphery with hemostats, then the 

plant was exposed to 1 kW metal halide light (900 fc) for 16 hr. 

The wounded leaves were then ground, using a pestle and 

mortar, and the leaf juice was collected for determination of the 

quantity of protein and the level of inhibitory activity against 

trypsin. Protein concentration was estimated using bicinchon- 

inic acid (BCA) reagent (30) (Pierce). Bovine serum albumin 

(Sigma) was used as a standard. 

Trypsin inhibitor assays. A standard spectrophotometric assay 

[31] was used to determine the ability of leaf juice to inhibit 

tryptic activity. Bovine trypsin (0.04 mg/ml, Sigma), was mixed 
(1: 1) with leaf juice (diluted 1: 3 with buffer), and incubated at 

room temp. for 10 min. Then 50 ~1 of the mixture was added to 
2.9 ml of buffer (0.04 M Tris, pH 8.1, 0.01 M CaCI,) containing 

1.04 M p-toluene-sulphonyl+arginine methyl ester (Sigma). 

Tryptic activity was monitored at 247 nm for 3 min. Soybean 

trypsin inhibitor was used as a standard. The lower detectable 

limit of soybean tryptic inhibitory activity was 1 pg inhibitor/pg 

trypsin. Each sample was replicated at least three times. 

Statistics. Significant differences between groups of plants 

were determined (at the 95% confidence level) by analysis of 

variance followed by orthogonal comparisons, using the statis- 

tical computer software, Systat (Systat Inc, Evanston, IL). 
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