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Hydrolysis of Conjugated Steroids by Bacterial Glucuronidase. (17413) 

HENRY J. BUEXLER, PHILIP A. KATZMAN, PHILIP P. DOISY, AND EDWAXD A. DOISY 
From the Laboratories of Biobgual Chem,istry and Internal Medicine, St. Louis University School 

of Medicine, St. Louis. 

The use of acid for liberating the steroids 
of urine is based on the observation that these 
c m p u n d s  are excreted in conjugated form as 
evidenced by their inmlulbility in fat solvents 
and by the isolation of steroid glucuronidesl* 
and sulfates?-6 m e  evidence that such treat- 
ment causes considerable lo~s~-~O bas led to 
a consideration of enzymes for the liberation 
of steroids frum their conjugates. 

Cvhea and Marrianll and Patterson12 have 
previously reported the liberation of estrogen 
of pregnancy urine by bacterial action and 
BaTker, Bruuksbank, and H a s l m d J B  have 
found that pregnanediol glucuronide, and in 
some experiments glucuronic acid, which pre- 
sumbly was liberated from the conjugate 
were destroyed by some strains of StaPkyZo- 
coccw albus. Preparations possessing glucur- 
onidase activity which were obtained frm 
mammalian tissues hydrolyze the glucuronides 
of estrio1,l4J3 pregna.nedio17J6 and other co,m- 
p 0 u n d ~ s ~ ~ 1 ' ~ J ~  and Cohen and Ba teP  have 
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studid the hydrolysis of the sulfuric acid 
esters of estrogens by an enzyme, phenolsul- 
fatase, obtained from a mold, Aspergillus 
oryzae . * 

Recently, we have the production 
uf glucuronidase by E.  ~ 0 1 i  cultured in the 
presence of menthol glucuronide and an ade- 
quate oxygen supply. By thk means potent 
culture filstrates were obtained which may be 
used without further purification or concentra- 
tion. The present report deals primarily with 
the effect of this bacterial glucuronidase on 
the hydrolysis of some of the urinary steroids. 

Experimental Procedures. The urines, pre- 
served with thymol, were boiled a t  neutral 
pH fur 10 minutes. Single specimens were 
boiled immediately after voiding and 24-hour 
samples at the end of the collection period 
during which time they were kept a t  5°C. 
This precaution was taken because of the re- 
por t s  that glucuronidase2l and phenolsulfa- 

occur in urine. Free steroids were 
determined in these urines and the amounts uf 
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TL4BLE I. 
Comparison of the Influence of Different Hydrolytic Agents on Total Estrogen Liberated from 

Human Pregnancy Urine." 

Method of hydrolysis 
fl > 

Total estrogen as 
mouse units of 

estriol per 1 
Total estrogen (Kober) as iiig I \ 

estroiie per 1 HC1 Glucuron- 
7 idase 

Urine HC1 Glucuronidase Xone Urine x 1000 x 1000 

1 5.38 4.88 -03 At  109 147 
2 16.27 15.00 21 Bt 155 20'7 
3 10.3 12.3 2 4  Ct 120 213 
4 13.87 17.2.5 ."5 Dt  320 460 
5 G.73 9.75 .15 Et 176 266 
6 12.U 13.3 .06 

- _ _ _ _ ~  

-___ 
* Obtained during the last month of pregnant?. 
t Ether extracts of urines A-E were not fractionated into the phenolic and neutral fractions 

In the bioassag (Marriaii), 30 animals per dose were used and estriol was used before assay. 
f o r  the standard.? 

estrogen and 17-ketosteroid liberated from 
their conjugates with glucuronidase compared 
with the amounts liberated 'by acid hydrolysis. 

acid hydrolysis was performed by refluxing 
the urine for 10 minutes with 15 vol. % 
concentrated HC1. For enzymic hydrolysis, 
the urines with added glucuronidase were in- 
cubated for 24 hours at  38°C at pH 6.5. All 
hydrolyzed and unhydrolyzed samples were 
adjusted to pH 3 and immediately extracted 
with ether. Phenolic and neutral fractions 
were separated according to Friedgood, et 

ketosteroids determined by the method 
of Holtorf and Koch" after removing the 
non-ketonic fraction25 and total estrogens by 
Salter'szti modification of the Kober method. 

The extracts obtained from the glucuroni- 
dase hydrolyzed urine gave very much less 
background color with the Kober reagent 
(absorption at  420 mp) and a more typical 
color with Zimmermann's reagent than that 
obtained after acid hydrolysis. Furthermore, 
a larger proportion of the color with m-dini- 
trobenzene is due to ketonic compounds re- 
acting with Girard reagent T. 

Under our experimental conditions, glu- 

curonidase qaunkitatively splits glucuronic 
acid from menthol glucuronide as measured 
by Fishman's modification27 of Miller and 
Van Slyke's and hydrolyzes 95% 
of estriol glucuronide. Furthermore, glucur- 
onidase preparations tested with estrom sul- 
fate and dehydroisoandrosterone sulfate con- 
tained neither phenolic nor alcoholic sulfa- 
tase. 

Results. The data in Table I show that 
except for urines 1 and 2, higher values for 
total estrogen' were obtained afjter hydrolysis 
with glucuronidase than with hydrochloric 
acid. In  addition, the estimation is more ac- 
curate because of the lower background color 
after treatment with Kober's reagent. Al- 
though the lower values after acid hydrolysis 
may be due to incomplete hydmlysis as well 
as destruction, it is surprising that so large 
an amount of estrogen is conjugated with 
glucuronic acid. 

With the urine of pregnant women as well 
as that of normal men and one case of pseu- 
dohermaphroditism, glucurunidase did not lib- 
erabe as much ketostervid as that liberated by 
hydrochloric acid (Table 11). Undoubtedly 

23Friedgoo4 H. B., Garst, J. B., and Haagen- 

21Holtorf, A. F., and Koch, F. C., J. Biol. 

ZZPincus, G., and Pearlman, W. H., Endocrino2- 

Smit, A. J., J. Biol. Ckeni., 1948, 174, 523. 

Chem., 1940, 1235, 377. 

oyy, 1941, 29, 413. 

26 Salter, W. T., Humm, F. D., and Oesterling, 

27 Fishman, W. H., J. Biol. Chern., 1939, 127, 

28 Miller, B. F., and Van Slyke, D. D., J .  Biol. 

3%. J., J. CZin. EndocrinoZogy, 1948, 8, 295. 

367. 

Chem., 1936, 114, 583. 



HYDROLYSIS OF STEROID GLLJCURONIDES 299 

TABLE 11, 
Comparison of Eydroehloric Aeid and Glucuronidave IFydrolysis of the Xetosteroids of 

Human Urine. 

Method of hydrolysis 
1 

Urine No. HCl Glucurcnidase No hydrolysis 

1 
2 
3 
4 
5 
6 
7 
8 f  

I§ 
2 
3 
4 
5 
6 

Normal men-mg" per 24 hr 
4.25 
8.3 
7.2 
4.05 
4.75 

- 
- 
- 
- 
- 
14.4 6.7 
11.0 5.1 
26.2 14.0 

Pregnant women--rng* per I 
0.92 1.2 
5.5 5.0 
5.8 5.0 

10% 7.4 
6.3 5.6 
4.8 3.6 

.488 + 
1.176 t 
.612 t 
.450 t 
.546 t 
.60 t 
.416 t 
.448 t 

.07 

.18 

.26 

.42 

.21 

.16 

* Expressed as dehydroisoandrosterone. 
t Micro-Girard separation not made. 
$ Pseudohermaphrodite. 
$ Pregnancy urines 1-6 are the same as those recorded in Table I. 

ketosteroid conjugated with sulfuric acid ac- 
counts for at least a part of this difference 
but here again, it is surprising to find so large 
a proportion of the ketosteroid fraction in 
combination with glucuronic acid. 

The quan'tities of free estrogens and keto- 
steroids recorded in Tabhes I and I1 are of 
interest since they w.ere obtained from fresh 
urine in which enzymes, if present, had been 
destroyed 'by boiling. Hawever, even these 
low values may be due to enzymic hydrolysis 
within the bladder. 

As would be expected, bacterial glucuroni- 
dase hydrolyzed sodium pregnanediol glucur- 
onidate resulting in a 90% recovery of preg- 
nanediol as determined by the method de- 
scribed by Talb'ot, et aLS9 

Dr. Ralph A. Kinsella, Jr. of this depart- 
m'ent, in preliminary studies has found that 

29 Talbot, N. B., Berman, R. A., MacLachlan, 
E. A., and Wolfe, J. K., 6. Clin. Endocrinology, 
1941, 1, 668. 

glucuronidase markedly increases the amounlt 
of cortical steroids of the urine of normal 
adult men as determined by a somewhat 
modified method of Heard, et aL8O 

Summary. Bacterial glucuronidase which 
hydrolyzes the glucuronides of estriol, preg- 
nansediol, mmt hol and phenolphthalein' liber- 
ates a large proportion of estrogen, ketosteroid 
and corticosteroid of human urine. 

We are deeply indebted t o  Professor G. I?. 
Marrian for estriol glucuronide; to  Dr. A. Stanley 
Cook of Ayerst, McKenna and Harrison for 
estrone sulfate; t o  Dr. 11. L. Mason for dehydro- 
isoandrosterone sulfate; t o  Dr. Willard Allen for 
pregnanediol glucuronide, and t o  Miss Corinne 
Dewes, Robert A. Doisy, and Joseph Yglesias for  
invaluable laboratory assistance. 
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