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) . Table 1. SUMMARY OF TRANSFER REACTION TEs? RESULTS — . ° ST
A . Sediments obtained at . o - 1
Whole eells | Brokencells | 1400 RCF - | 24,000 RCF | 105,000 RCF Cellsapt - | HaO Insoli .

o, times Cont. | Exp. | Cont. | Exp. | Cont. | Exp. | Cont. | Exp. { Cont. | -Exp. | Cont. | Exp. | Cont. | Exp.
;:;:Te 7 23 3 7 2 9 2 7 5 11 EN RS 23
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e > ik 10 : 8- 8 7 9 - 3 232
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o, debaved * 1t 7 - 8 N ry R 5
E"""_;ﬂe‘x.— 8 4 ‘ 3 S g 2 12

es apply to both experimental and control since they were always the same,.
: rmatant alter removal of 103, 000 RCF sediment.,
: Precipitated upon dlalysis- of ceu sap’ against cold water,

'.L‘ab\s 2. SoME P2OPERTIES OF THB Wuzn-l'«sonmsnz "ACTIVE Fluc'n N’ ; e _

3 mgoafer reaction; mun. of mduratlon in two diameters. T 8 in parentheses are of doubtful sigmﬁcanca All enzymes were active under
. conditions used.  None interfered with the transfer reaction. .. .

P,____m =

E ! Untreated . . . - Ribonucléase +  ° . 'Deoxyribouucleaset N
57‘3?- 3""; Cont. - Bxp. .- | .. Cont.: - Bxp. . Cont. Exp..
3
0 12.x 1249 | 12°x 124 — — TeI3x13% 11 x 11w feee
E 13 1 (XD Ix9 10 x 10°* 21 x 28* - i .
- 9 x 10* 8 x.9* 10 x 10* - — : : .
3L © 10 x 1D 11 % 11 — S —
;32 | 0 9.x 10 0 17 x 17* 0.
y 33 : 0o 13 x 14* - {8 x 8) 15 x 18% - —_
3 (T x7) ~13-%x 16 (7 x 8)* 19 x 19* -
35 1 -— R 10 x 10+ 12 x 15+ —_
r

‘I:n'u?dlasé reactions, 13- x crystallized, 005 mgm./ml,, 37°, 4 he, . $1 x.erystallized, 01, mgm.lml., 0-025 M Mg*+, 37°, 1:5 hr. :
' Difeo’, 1 1250, 00amgm.lml,pE74 3; °,3hr, .. 'lINoenzyme.S? 5hr. : E .
Eserion;  {4) this fractmn dxsplays the greatest © Structure of Rhmoceros Horn

we m‘:"cjg ;'; &:’%e(g) :; dmalscfe'? rg&cticl):; um‘:f ;:(;ztl)lﬁz THIS investigation-was desngned to clarify some con-
mx;rza‘ —— y - fusing-statoments concerning: -rhinoceros-horn- which ~ =
" appear in the literature: ‘for example, that it appears.

2 .
- The results in Table 2 seem to us to mdxcatethat the t0.be composed of matted hair:*; that it i formed

uuw substance is unreactive to -deoxyribonuclease wholly of keratin produced b stratum corneum®; that -
w:d can be desiroyed by trypsin. Its activity seems it.-is j::om p ¥

posed: of coarse::keratin-:fibres: comented:

o in ahanocd by tho stion of ibomueloss, OUher  Logert Tho presnt. mvesiguion b confmed.

g‘:un It is likely, therefore, that the active fraction sﬁr: ctlx;.r .. %?i?ara%ll—:;m :h:tf a escnl()ed mngglt::)

3 8 nrotem, perhapsﬂm« combmgtmn thh nbonuclew - horn-by-Trautmann: and>Fiebigers-quoting Nickel*

: " This structure:'of rhinoceros: horn-has. already: been

bneﬂy recogmzedby Boaa’ whose teg:m for the tubules -

‘The times of development of these reaotlons, exceph :
;r the RNase-treated “material, was unpredictable
is possible that the distinetion between delayed and " -
iate reactions, long a classic-of. ummmology,.:'

pay h&ve to be dmzsrded in the-study of .transfe

rhmoceros B hom’ -igd umque sind
correct.::Dove!? said that rhinoceros- Horn was simils
to that in cattle. :During the present work it has not:
been: possible- to- demonstrate horn: tubules-in eithe:
“sheep- or cattle-hornsy iniwhich, according to-Traut-.
-~ mann and : Fiebiger; . the-tubular: strueture- is  not:

Prﬂhmmary ewden ‘indivates that this’ material
fan passively transfer gensitivity to a skin homograft:
F This work is supported by - the : Résearch an
'Development Command, Department of the Am1y,, :
mt‘nct, No. DA-49-007=31 D-981. :

g %'.n]sg'R};(;zmm <" marked ;" in- addition: tothose*in-: : rhinoceros * horn,:
: D, Warrenack = - tubules have been observed in the hoof: Iri the present’
2 “CUA. Husay - work the term filament:is preferred to the term tubule
3 WD, Honnn$ . (which suggests & hollow structure) and. to.the: t.erm

. fibre-(which suggests equivalence to: hmr)- 2
Rhinoceros horn seems to-be unique in the way. that
it frays’ into-the tubules’(filaments), ifi contrast: to:
:cattle;and sheep:horn; which;: if*it-breeks up: at all,
* does;so-into sheets:“Such fraying seems to take place.
“more-readily at the-base-of horns-rémoved from the
amma.l.?nRhmoce;ro&hom *whxeh g o exammed were
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and vertical

~-streaks became ‘visible in the filament, particularly

.. close to the ‘medulla’. These gave the appearance of
“the cortical cells of & hair, but the lack of g surround-
- ing cuticle indicated no further resemblance to hair.
~ihere were irregular oblong gas spaces across- the

-&=laminated ‘structure, which confirmed that the
~filaments were not hairs, “There were some 40 laminze
< prranged concentrically around the ‘medulla’, which

‘-"Bppeared &s a clearly demarcated solid Hgtr‘ucture that 4

B #a.ted; with a horny substance from their inner walls

. towards thejr axes. The result_inéﬂzin, solid, column -

‘of: horn he descnbes.as filling the ¢anals corresponds
" present study. . Co

" filaments
were some 300-500y in diameter,

" Makinson®. The close packing resulted in many of the
filaments being triangular in transverse section ;
others had 4-6 sides. Intertubular (interﬁlamenbous)
horn was concentrated mainly, if not only, in the
eorner interstices, rather than between. the flat inter-
faces between filaments. is is & major difference

- from the hoof of the horse, which had filaments only

as -indicated. by

25-50y wide, separated by 50-100y of interfilamen- .

tous horn in
were visible.. The filaments in the hoof were oval in.
section, the long axis across the oval being 80-120.

.r}ﬁnpeeros horn was often - greater, for example, -

X 40p in the hoof.

Primarily a mechanical effect, that . is; it is not g
question - of - chemical susceptibility ;- for - example,

caustic soda swells, and softens, the whole structure,

.:medulla.', which gave a superficial resemblance to the
Jadder-type . medulla found in irs- ‘from furred -

erse sections of the horn showed that the
were packed. closely together.(Fig. 1) and -

which the individual, pigmented cells

. Fiebigers

- T TTTTE———_
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Transverse section of rhinoceros horn showing hory
8 closely packed together. The dark areas Indicate staly
%= that entered a erack prior to sectioning. (x ¢, 220)
‘ i Fodie

Transverse section of horn filament showing laminat.d
‘8tructure in which the individual cell ontlines have been revealcd

Fig. 2.

o-chiorophenol, (x ¢, 800)

the mixture had diffused varying distances into the
filaments staining them yellow. When mereury
orange was used to detect thiol (8H)egroups only the
‘medulls’ gave reaction, as in hairl, indicating a
further resemblance o the medullg of hair.
When sections of rhinoceros horn were mounted in
o-chlorophenol, the structure swelled, and the ccll
outlines became visible (Fig. 2). The cells were none
obvious in the outer part of the filaments, and i
appeared ‘that the lamine were only one ccli thick.
The cells appeared flattened, and were arranged
transversely around the filament. No evidence was
seen of the alternate horizontal and transvene:
spiralling strate of cells depicted by Trautmann srd
in the hoof. This structure is, however.
claimed to be a specialization in the hoof to provid:
elasticity. - An individual filament mounted &
o-chloropheno! showed vertical cell outlines. The
cells therefore appeared elongated in both planes. an
were thus plate-like and roughly rectangular in shyy=-
In the present work both cattle and sheep hvrm
showed & dense laminated structure when cut either
transversely or longitudinally. The laminations wer
wavy, and were more dense in cow horn. Sheep ke
{Merino ram) differed from cow horn in having cifip- .
tical holes - orientated parallel’ with the ]anll‘f .
Their hollow nature, and the lack of any coneentriv
lamine around them, showeg that they were not t’
centres of filaments.. The development of filaments i

"hooves and in rhinoceros horn, and the lack of, or 8t
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: Laast poor development of, filaments in other horns

NO. 4821

= .y be associated with the need to provide rigidity :-
- .nd strength in hooves and the rhinoceros horn. The

igeter contrasts with other horns in being composed

. entirely of horn3, and having only a very short and
- udimentary bone support..

Although I have avoided the view that hom
glaments are homologous to hairs, one cannot escape

" +heir similarity. This is partly due to the similarity of
tka dermal papille of the epidermis with those of -

pair follicles, and there is no doubt an evolutionary
asscciation between them.
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A Possible Role ‘of the Boundary Layer :
"7 in Insect Flight

It has been recently proposed by Greenew&,li:1 that
the observed wing-beat frequency of insects and birds -

ivalent to the characteristi ..of the
i3 equivalent to the characteristic frequency. o e"-number about 10%)

flight systern as a mechanical oscillator. Evidence for

this has come primarily from work on those higher -
- orders of insects in Wwhich direct neural control of ..

‘2ir rnass has been- evaluated as follows: For an

frequency is absent (‘asynchronous’ type of Roeder3),
- From this point of view the inverse-variation of wing
. beas frequency with air density- reported in som
= species by Chadwick and Williams® and Sotavalta!

appears: anomalous. - Evidence is given here: whic

shows that such. an anomaly may be due to & factor
- hitherto not considered in: investigations of the ﬁ.tght*
. of small inseets: “a variation of effective wing inertia -
with air density- due to a functionally sxgmﬁca.nt ;
additional mass correspondmg to 8 volnme of air .

‘attached’ to the wings. :
The inertial contnbutxon of the apparent addxtxona.l

undamped oscillator in which the. total stiffness-of -

the systern is constant, variations of the reciprocal -
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’ cu('. wing segments multxphed by the squa.re of their

mm.2,

- ary layer in ﬂow pata.]lel toa thm ﬂat plate. -

- deseribed.
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approximate radii of gyration. . (2) 1/f2 when Is = 0.
‘was estimated by extrapolation of the data of
Chadwick and Williams® to an air density of 0 as
1-68 x-10-% sec.%.  (3) 1/f* when Is 4+ I, approaches

. insignificance averages 0-625 x-10-3 sec.? in measure-

ments of peak frequencies.of the very short ‘flights’
.of tethered specimens with the distal 3/4 of the wings
removed. Thus Al/fz = 1-035 x 10-% sec.? for a Al =~
of 0-015 mgm.mm.? and K = 69 x 10~ sec.?/mgm.-
1/f* under normal conditions of tethered Hight
is about 2-25 x-10-% sec.’. This corresponds to -
- Al = Is = 0-0085 mgm.mm.?, equivalent to a layer -
0:3 mm. thick distributed evenly on both surfaces

. of awing of area 3-4 mm.® at one atmosphere and room

temperature - .
Prandtl® gives the followmg formula for the bound-

‘where § is boundary layer thxckness, z is dxsta.nce
from leading edge, 4. is free stream veloecity, p is -

. density of medium, p is viscosity of medium. With.

- data from sequential flight photographs of D. melano-
gaster for total angular distance per stroke and an
average over the stroke for velocity, integration of
this equation gives a value for the moment of inertia
of the boundary layer, Is,- of 0-0080 mgm.mm.*

- using the wing-dimensjons of D. virilis. Thus the

effective additional inertia, Ja, needed to explain the -

- observed effects is-similar to the inertia, Iy, of the
“'boundary ' layer- as -the latter -is: conventionally
The- boundary layer, representing a
velocity profile, should not be entirely inertial in -
effect, so the closeness ‘of the two figures is somewhat ..
surprising;. moreover, inertial contributions of the
wake have been neglected ; and Prandtl’s formula may =
not hold st.nct,lyforthxsdxmensxonalra.nge(Beynolds’ L

Further evidenc that the ‘ocourrence “of inverse
frequency changes-with air density may be considered -
* & boundary layer effect comes:from.the work" of i
Chadwick “and” Williams?* “‘and Chadwick®. - These
workers give extensive data on themng-beatftequency
and‘amplitude‘of-Direpleta-and: D' virilis in media-
varymg from- 007 to & times: norma.l atmosphenc'
f

- where § is the amplitud

of frequency squared should be directly proportional S

to changes in the moment of inertia. Considering the

total moment of inertia of the flight system as three
the internal thorscie inertia, Iy, the:

m f inertia of the win y Ty dthat f-
orent of inertia g proper, fw, an . 'sional considerations from forms in which the efféct is

- _absent, consideration::of - the relative ‘magnitude - of :

componenfs H

the apparent additional mass, Ja:

Yt = B+ e+ I.)
Al/f'.—.:KAI

f is wing-best frequency. -

 For-Drosophila virilis (1) 1, was estnnated 88 0015 besides:
mgm.mm.* by samming the weights of tra

. with density are not: distinguished-on: simple dimen-.

-t0 & clear:separation of the two groups.- Again usin;

= In addmon, whﬂe the work of Sotavalta.‘ shows that
_insects which show an appreciable shift in frequency:

‘wing inertia and inertia-of the-boundary. layer leads

- Prandtl’s formula;: at constant pressure and tempera-
ture, and a.ssummg constancy of all flight parameters
-with-dimensional




