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'fl'. !mmduc’sian :

Severai novei pxtuxtary pclypeptzdes have been
found to have potent lipolytic activity [1]. From: a
heterogeneous human pituitary lipid-mobilizing frac-

tion we have previously isolated a highly active lipo-
ivtic polypeptide {2]. The fraction also contained a
larger protein with lipolytic activity, and the aim of
this work was to purify and characterize that protein.
Our resulis indicate that it belongs to the so called

neurophysins; which are located in the neurchypoph- ‘
~ysis [3], and form reversible complexe: in vitro with

oxytocin and vasopressin [4, 5] The neurophysins
are acidic proteins with molecular we:ghts in the
range of 10,000 [4, 5] . They possess characteristic
UV absorption spectra with no maximum around
280 nm {5} . Recently human neurophysin was pre-
pared from acetone-dried pituitary powder [6]. So
far studies on the primary structure or on biological
activities of human neurophysm have not been ’
published.

“We introduce here a new methad for preparatmn
of imman neurophysm from fresh frozen pituitary
glamis The protein consists of 87 amino acid resi-

- dues. The sequence of the first 16 amino acids as
well as the COOH-terminal residues are presented..

The protem binds revers:bly oxymcm and lysine-vaso- .
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effects as well as a lowering effect on serum amine
acids in rabbits. It induces lipolysis in vitro in rabbit
and Luman adipose tissue, but has no lipolytic effect

i mouse fat pads

2. Materials and meﬁiuds’

All chemicals were reagent grade, and those used

for Egman degradation were further purified [7].

~ Lysine-vasopressin was generously supplied by
Sandoz (Basel), and oxy tocin, Tyvpe H, and carboxy-
peptidase A were purch‘ssed (Sigma Chemical Co.,
St Louis}.

Frozen human p‘itlutary glands were homogemzed
and extracted at pH 8.5. The lipid-mobilizing frac-
tion was obtained by precipitation with acetone ac-
cording to the method described previously [2]. All
steps in the preparation procedute were performed
at 0—4°.

- The Sephadex gel ﬁltmuons and the DEAE—ceHw
lose (Eastman Rochester) anion exchange chroma-.
tography were performed as described earlier [2].
Binding of the protein with lysine-vasopressin and
oxy*ocm was examined b*, gei filtration on Sephadex

. G-50 columns equilibrated with 0.1 M phosphate

buffers with pH from 5.4 to 8.5.
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Fig. 1. Chrczmatogr-pl-v of the hp:d~mot—dmne fraction preparcd from 200 g fresh frozen iuman pmutary g!zmds on acolumn
(2.4 2 20 cm) of DEAE-cellulost zquilibrited with 0.01 M phosphate buffer pH 5.4. The column was eluted at constant pH by
stepwise increase of molarity, and a flow rate of 200 mijhr. The shaded area md;cates fractions used for Sephadex gel filtration.
The insets show the dlectrophoretic patterns of the protein applied to the column” , and of the protems cluted Appm\. 0.2 my
sampfes of ivophilized matenals were run at pH 8.7 on 7.5% poly ncryhmndc gel columns.

The protein contenzs in the efﬂuents were deter-
mined spectrophotoemetricaliy at ’)80 nm or by a nin-
hydrin method {8]:

Disc elcctrophoresis was carned out on 7 5% poly-
acrylamide gel cofumns at pH 8.7 [cf. 2].

Amino acid analysis and Edman degradation were
carried out as described earlier {7] . Carboxyl-termi-
nal analysis was performed on ¢xidized protein |7}
with carboxypepndase A in 0.1 M NH4HCD,, pH
8.4, at 37° with an enzyme:substrate ratio of 1:20
on a molar basis. The samples were lyophilized and
studied in the amino acid analyser. V

‘Non-esterifiec fatty acids (NEFA) were quanuf' ed
by a modified Dole’s titration procedure, and blood -
glucose by zn o’Toluidin method cf. 2]. Serum glyc-
cerol was determined according to “Biochemica Test
Combination” (Boehringer, Mannheim).
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In ;’itm lipolysis was studied in human subcutane-

‘ous fat pads obtained during laparotomy from three.

fasting females operated under barbital anesthesia be-
cause of uterin: myoma, and in perreneal fat pads

- obtained from the albino mouse and rebbit [cf. 2] .

In vivo studies of lipolysis and change: in blood
g!ucose concentrations were observed in albano rab-
bits of e:ther sex with body weights of more than 4
kg. Blcod samples for determinations of serum™
NEFA, glycerol, and blood glucose were taken before
the injection of 0.1 mg protein, and 1,7, and 24 hr
after the mjectlon- :
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Fig. 2. Ultraviolet absorption spectrum of the huwman pitu-
itary protein from the shaded area fig. 1. The concentration

" of the sample wus 0.4 mg per mi in 0 1 M phosphate buffer
pH 7 0 :

3. Results and discussior:

- The lyophilized human pituitary lipid-mobilizing
fraction obtained by Sephadex G-100 gel filtration
"{2]- was dissolved in 0.01 M phosphate buffer pH 5.4,

and applied to a DEAE-cellulose column (2.4 X 30
“cm). The elution was carried out by stepwise increase
in the ionic strength of the employed phosphate buff-
“er. Fig. 1 depicts the distribution of the protein frac-
tions and their electrophoretical patterns on poly-
'a‘,rylanude gel. The lipid-mobilizing agent prepared
-previousty [2] appears in the starling buffer. Several
of the more amdtc mo!ecules are also bmlogxcaiiy ac-
tive, and studies sn some of these polypeptides are in
progress. The 0.2 M buffer eluted a hpoiytlc polypep-
“tide where the usual protein pealk at 280 nm in the.
: 3hse:ptmn spectrum leveled out to a horizontal line

(fig. 2). In order to achieve maximum guuf‘ cation of

: tins po!ypcptnde oniy matenal recovered fmm the
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Fig. 3. Filtration on a Sephadex G-50 gel column (1.6 X 110

cm) equilibrated with 0.1 M phosplmtz buffer pH 7.5 of 30

mg protein obtained from the DEAF-cellulose chromato-

geaphy of the human pituitary lipid-mobilizing fraction: (the
shaded area n?.- i}. The eluant with the charactexistic absop-

tion spectrum (cf, fig. 2) is indicated by the shaded area. The

inset shows the electrophoretical pattern of 0.2 mg ‘of this
material applied toa 7.5% pslvauy}iamxde ael column run at
oH 8. ?,

descending pait of the peak was collected for further
purification by gel filtration on Sephadex G-50 col-
umns (1.6 X 110 cm) equilibrated with 0.1 M phos-
phate buffer pH 7.5. There appeared four protein ’
peaks, fig. 3, and the material in the third peak
showed the charactzaristic UV absorption specirum.
The main fractions were nsed in a subsequent refiltra-

_tion on the same column; and the protein was eluted
--as a symmetrical peak. The elution volume corre-.

sponded to a molecular weight of about 10,000 [2].

“The yield of the purified protein was approx. 0.05

mg/g of wet pituitaries. The absorbance at 280 nm
was 1.00 for 1.6 mg of the protein dlssoivad in phos-
phaie buffer pH 7.0.

“The protein moved as a smula, protein band in

; polyacry'amlde gel electrophoresis, and the NH;-ter-

minal sequerce 3naiyses resulted in one reszdue, only,
which indicates that the protein is at least 95% pure.
The results from the amino acid analyses of the pro-
tein are listed in table 1. The amino acid composition
is based upon a molecular weight of about 10,000
and 7 résidues of aspartic acid. The minimum molec- -
ular weight was calculated to be 8983. A small con-
tent of methxonme and tryptophan suggests a
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Table 1
Amimno acid omposition of human neurophy un.

Amino acid Number of residues found”
Asoartic asud PR 7
Threonine 1.65 2
Serme 4.0R 4
futamic scud 10.2 10
Proline 7 21 T
Glyveaine 121 12
tanme 928 9
Half<\ stine t29 13
Vaiine 28s 3
Mcthionine 034 0
I-oleudine 098 |
Leucine 678 7
Ty rosane 1 08 i
Phenylalamir > 256 3
Histidine U.93 ]
Ls sine 3.36 3
Asginine 398 4
T ptophan 05 0

Molevular weight 8,983

* Mezn vale 2s trom 5 diffecent analvses tier 24 hy hydrols -
s1§
** Determun sl 15 oy stew acid atter perfo-muc acid ovidation
The residue numbsrs ave based uponn 7 residues of asparnic
arid

nucrolieter sgenerty, possibly due to the presence of
a second neurophvsin.

The UV ibsvipton spectrim [5{, the molecular
weight [4, 7], and the high content of half cystine
and glutazme: and [ i] are chatacteristic for the neuro-
phvsins. Therefo:e the protem was tested for binding
of lysme-vasopressin and oaytecn {6} Fig. 4A shows
tie result from gel-filtranon of 1) mg of the protein
with 1 mg o1 lysine vasopressin or oxytocin at pH
5 4 and fig. 4B shows the ¢lution patiern of the mix-
ture at pH 3 5. At pH 51 to pH 7 O only one poly-
pevtide peak was revealed, whareas 2 peaks appeared
at highe ¢ pH. From these data 1t is evident that the
nretewn binds the twe neurchvpophyseal hormones at
a2 pll below 7 0. Cunsequently, this punfied human
pituitary protein belongs to the neurophysins.

The amirc acid composttion of cur proten differs
from that which Cheng and Friesen prepared from
zcetone dried human pritustary powder [6], particu-
farly i the content of arginine, proline, glycme, and
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Fig. 4. Repeated gel fiitrations on Sepnadex G-50 cehinns
(1.6 X 119 cm) of 2 mxture consisung of 10 mg punficd
human priustasy proteia (shaded area fig. 3) and 1 mg avy
tocwn or 1 mg lysens -vascpresan i O § & phosphate bufter
A) The cluuon pattern a2t pH 5.4. B) The elution pattern 21t
pH B § (in the wwcond peak the solid line indicat~s oxytocm,
and the broken line lysine vasopresun) Feptude maternial svas
deicrmuned by the ninnv inn reaction [8].

alanme. So far seque- c¢ studies have been published
tor bovine neurophysin -1 and It {2, 10} and porune
neurophysin I {11}, only. In fig. 5 the 18 NH»-termu
nal residues of thewe ncurophysmns are compared with
those detenimined for our human nsurophysin. The
sequence 15 most stmy’ i1 to bovine neurophysin-l,
and differs only in pc ations 2, 3, and 9, which can
all be accounied for by one single base change in the
genetic code.

incubation with carboxypepuidase A yielded the
following COOH-termnal sequence. (The, Val, Phe,
Al)—Len-COOH, that of porcine nenrophysin-l was
leucine/phenylalanme f11}.

fn vitro hipolysis occurred in 1abbat as well as n
human fat pads zfter addition of human neurophy st
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SE :'-;.f': s e T we _15.
Hum:m neuropnysm 2 .Aln-Ala Pro— Asp—Leu Asp Val— Arg~Lys—Cys—Lcu—Pro—-C35 Gh—Pro G!) —(Asx, Lys) —
“Bovine’ ncurophvsm[ f91 Aﬁa—-Va! Leu—-Asp Leu——Asp —Val--Arg— G!n~Cys~Leu-Pro—C Vs—G;wam—Gly—Gh ~L3 §—

Bmfmc neurophysm I {10]; }

Porc.me neurcphysm I [ll} ) ﬁlaf}ﬂ_etTSerf-Aspj Lef; quhljgu A:g-—Gln—Cys Leue?ro C)’S—Gi}f'wPfO—G!} —Gly—Lys —

" Fig. 5 . The NH-I&—termilial éuhino acid sequences of neﬁrophysins.

'(tabie 7) The mnmmal effective concentranon was there was a similar increase of serum glycerol. This
0.1 gg/ml, one tenth of that for vasopressin, demon- agrees with the increase of serum NEFA following in-
strating that the hpolysas could not be etpldmed by a jection of neurophysit. in monkeys, who showed an
contamination with vasopressin. Oxytocm showed increase of blood glucose as well [1}. Also in the rab-
no lipoly tic effect in human or rabbit fat pads. In con- bit the bloed glucose conceniration rose to a maxi-
{mst in mouse fat pads llpolySlS occurred in the pres- mum after 24 hr (table 3). The serum calcium concen-
ence of oxy tocin and vasopressiii, but not with neuo- tration (data not cwen) showed no chan% following
physin. Furthermore, our alkaline extraction proce- the injection of human neurophysin [cf. 2]. Further-
dure should have dlsso"mted oxytocin :md vasopressm more, in rabbits and monkeys neurophysin showed
from neurophysin. - S “an unexpected effect on protein metabolism witha
A significant in vivo lipolytic effect of human neu- decrease of serum amino acids [1]. A similar effect
rcp hivsin was observed in the rabbit (f ig. 6). Theirse-  has been observed in rabbits with our protein (to be
um NEFA increased from 0.26 to 2.76 meg/? 1he - published). The metabolic effects described are simi-

after th: sub staneous mjecnon of neurophysin, and - lar to those attributed to growth hormone, but the
: - initiai lipid-mobilizing fraction here used had no .

somatotropin contamination [2].
Table 2 : ‘

in vifro release of nonéster:f‘ ed fatty acids {NE‘?A) from hu-
man, rabbit, and mouse fat pads after addition of human
neurophysin, vasopressin, or oxytocin.

Prep;-uation : e S v

added Mean release of NEFA (umole/ 100 mg- 3 hr £5E)
{ug/1.t ml) ~ Human fat Rabbit fat Mouse fat .
) - = —

. =3001=
Fatpads : : R R - R — .
blanks-.. -~ - : L : : _ moﬂ.j._.‘ E RN b I P,
(no ddditior) 0.29+0.03  031:0.02 030002 g |= it S

R : P ' o 80 {3200 < ¥ 120 ©

Human pid i e

‘ £ i 2
neumphysu- , . } . ‘ 8033 = L E
RUR 1352007 10.29'= 0.01 |8 B z

i 081£002 119005 _ 401 003 - 103
01 050+003  0.70:0.07 : el N -

D01 0355003 036:005 . | 1 Fommaey | B
Lvsme~ _ : . ) J ] - e L 100
vasopgessin . ‘ ‘ L 2. 4 6 8 W0 24
0. . - 081003  056+005 0.81+0.04 : . Hours after injection

1T 047+003 - 035:004 0 -

0 L f 06322002 0 ' o Fig. 6. I vivo effect of subcutaneous injection of 8.1 mg hu-
Owtocm . ‘ L o . : man neuroph,'s-n on serum non-esterified fatty acids (NEFA,
10 B 0.30 = 0.03 ' 0.35 + .02 0.62+ 0.06 - —) glycerol (———-), and blood glucose {=ommmn ) in rabbits.

1 :: 0.27'1, 0.04 y 029+ 0.03 ’ .o The curves show the mean concentrations aftcr injection
R e - I —— " into 10 rabbits, the vertical bars indicate the standard erzors

- AH assays were run in quadruplicate. , of the means.
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